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Background: Adult chronic immune thrombocytopenia (chronic ITP) is a common autoimmune hemorrhagic disease characterized
by decreased platelet production and increased platelet destruction, leading to thrombocytopenia. In this study, Ca**, calnexin (CNX)
and calreticulin (CRT) within platelets from adult patients with chronic ITP were investigated.

Methods: Platelets were isolated from blood specimen collected from 20 adult patients with chronic ITP and 20 healthy volunteers. Ca>*,
CNX and CRT were determined by flow cytometry, and the results were analyzed with EXPO32 ADC software.

Results: Flow cytometry showed the expressions of Ca*" (74.19+19.40% vs 22.79+10.47%) was elevated (P<0.05). However, CNX
(15.10+7.32% vs 41.79+14.45%) and CRT (25.11+12.66% vs 38.58+12.02%) were decreased markedly in platelets from adult patients
with chronic ITP (P<0.05 compared with healthy volunteers).

Conclusion: Based on enhanced expression of Ca>" and attenuated expression of CNX and CRT in patients with chronic ITP, Ca®"
concentration and its associated down-regulated proteins may be important regulatory signals in the pathogenesis of chronic ITP.
Keywords: platelets, chronic immune thrombocytopenia, Ca®*, calnexin, calreticulin

Introduction

Immune thrombocytopenia (ITP) is a common hemorrhagic disease with thrombocytopenia and skin or mucosal bleeding
as the main clinical features. The two main causes of ITP are the reduction of megakaryocytes in the producing platelet or
the enhancement of platelet destruction. ITP can generally be divided into two types: acute and chronic. Acute ITP tends to
occur in children and adolescents, but the disorder onset is often self-limiting, while chronic ITP usually occurs in adults,
especially young women, and is a chronic hemorrhagic disease.' There are many different theories and viewpoints on the
pathogenesis of ITP in recent studies. Immune disorders and abnormal proliferation of platelets are the common intersec-
tion of many complex pathogenic mechanisms.” Of concern, in our clinical work, we have found that the uses of anti-
immunotherapy and thrombogenesis therapy are generally significantly effective in patients with acute ITP, whereas in
patients with chronic ITP, only a transient increase in platelet count is shown, and the bleeding symptoms recur once
treatment is reduced or stopped. Therefore, the underlying pathogenic events leading to chronic ITP remain elusive and the
mechanisms by which platelets are destroyed by immune abnormalities in chronic ITP are unknown.
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In a previous study,”* in adults with chronic ITP, platelet death was characterized by loss of mitochondrial membrane
potential, phosphatidylserine exposure, caspase-3 activation, enhanced expression of Bax and Bak, and attenuated
expression of Bel-xL, which revealed a possible mechanism pathway of thrombocytopenia in ITP. We found that platelet
mitochondrial function is impaired in patients with chronic ITP, and Ca®" has been shown to be the initial messenger
causing endoplasmic reticulum stress (ERS)-related apoptosis. However, there are currently no studies on platelet Ca®"
levels in patients with chronic ITP. In order to identify whether platelets, in chronic ITP patients, exhibit a link between
endoplasmic reticulum and mitochondria and determine the pathogenic mechanisms involved in chronic ITP, the
expression of Ca?*, CNX and CRT of platelets from patients with chronic ITP were investigated in this study.

Materials and Methods

Patient Enrollment and Blood Specimen Collection

Patients were diagnosed with chronic ITP according to the guidelines and criteria from the International Working Group.
Twenty adult patients with 5 males and 15 females (age >18 years) diagnosed as having chronic primary ITP, as well as
20 adult healthy volunteers (control, 5 males and 15 females, normal platelet count and no concurrent illnesses or
medications at the time of blood draw) were enrolled into the study which received Institutional Review Board—approved
consent in accordance with the Declaration of Helsinki. Patient inclusion criteria were as follows: A. a peripheral blood
platelet count <3x10%/1. B. the course of ITP lasted more than 1 year. For each patient or healthy control, 15 mL whole
blood was collected into a tube containing ethylene-diamine-tetraacetic-acid dipotassium salt (EDTA-K2). The tubes
were kept at ambient temperature and transported within 1 hr from the clinical ward to the analytical laboratory where it
was immediately processed. The platelet count in peripheral blood of patients with chronic ITP was (5-30) x10%/1, and
that in healthy controls was (152-299) x10/1.

Platelet Isolation
Once collected blood samples reached the laboratory, platelet-rich plasma (PRP) was obtained from whole blood by
centrifugation at 200xg for 10 min at 25°C.

PRP was centrifuged at 1000xg for another 10 min. The supernatant was discarded, and 1 mL phosphate-buffered
saline (PBS) was added for washing once. Platelets were resuspended in PBS and the platelet concentration was adjusted
to 1x10°/mL.

Detection of Ca>" in Platelets

Eighty pL of PBS-platelet suspension was incubated with 10 pL of phycoerythrin (PE)-labeled mouse monoclonal
antibody against human CD61 and 10 pL of Fluo-3AM (final concentration: 5 mmol/l) were added to detect Ca** in
platelets. After incubation at 25°C for 30 min, platelets were washed twice with 1 mL PBS, then resuspended in 1 mL
PBS. In addition, 80 pL. PBS-platelet suspension was taken and 10 pL. PE-labeled mouse antibody against human CD61
and 10 pL mouse IgGl1 antibody labeled with fluorescein isothiocyanate (FITC) were added. Also, after incubation at
25°C in the dark for 30 min, platelets were washed twice with 1 mL PBS, then resuspended with 1 mL PBS. Ca*" in
platelets was detected by flow cytometry, and the results were analyzed with EXPO32 ADC software.

Detection of CNX in Platelets

Eighty uL PBS-platelet suspension was taken and 10 pL PE-labeled mouse anti-human CD61 monoclonal antibody was
added to label the platelets. After incubation in the dark at 25°C for 30 min, platelets were washed once with 1 mL PBS.
After adding 100 pL 4% paraformaldehyde solution at 25°C for 10 min in dark, the solution was washed once with 1 mL
PBS. The solution was added with 100 pL 0.1% saponin and incubated in dark for 10 min at 25°C to perforate the
platelet membrane. Then, 10 pL FITC-labeled mouse anti-human CNX monoclonal antibody was added. For the
matching control group, 10 pL. FITC-labeled mouse IgG1 antibody was added, incubated at 25°C in dark for 30 min,
washed twice with 1 mL PBS, and resuspended with 1 mL PBS. CNX in platelets was detected by flow cytometry, and
the results were analyzed with EXPO32 ADC software.
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Detection of CRT in Platelets

Ten pL FITC-labeled mouse monoclonal antibody against human CD61 was added to 80uL. PBS-platelet suspension and
incubated at 25°C for 30 min. After washing once with 1 mL PBS, 100 pL 4% paraformaldehyde solution at 25°C was
added and platelets were fixed in dark for 10 min and washed again. Then, 100 pL 0.1% saponin was added and platelets
were incubated in the dark at 25°C for 10 min to perforate the platelet membrane, followed by addition of 10 uL PE-
labeled with mouse monoclonal antibody against human CRT and 10 pL PE-labeled mouse IgG1 antibody was added to
the homozygous control group. After incubated in dark at 25°C for 30 min, 1 mL PBS was added and washed twice and
platelets were resuspended in 1 mL PBS. CRT in platelets was detected by flow cytometry, and the results were analyzed
with EXPO32 ADC software.

Statistical Analysis

All measured data were normally distributed, as judged by the K-S test, and the results were expressed as mean +
standard deviation. SPSS 20.0 statistical software was used to conduct t-tests for the comparison of the two sample mean
data. P<0.05 was considered statistically significant.

Results
Ca2+, CNX and CRT Detection in Platelets

Flow cytometry showed that the percentage of platelets expressing Ca>* in patients with chronic ITP was (74.19
+19.40) %. The percentage of platelets expressing Ca*" in healthy controls was (22.79+10.47) %. The percentage of
platelets expressing Ca”" in patients with chronic ITP was significantly higher than that in healthy controls (P<0.05).

Flow cytometry showed that the percentage of platelets expressing CNX and CRT in patients with chronic ITP was
(15.10+7.32) % and (25.11+12.02) %. The percentage of platelets expressing CNX and CRT in healthy controls was
(41.79+14.45) % and (38.58+12.66) %, whereas the percentage of platelets expressing CNX and CRT in patients with
chronic ITP was significantly lower than that in healthy controls (£<0.05) (Figures 1 and 2).

Discussion
Role of Ca®* in Platelet Apoptosis

The Ca”" pools in platelets are mainly divided into two categories: a dense tubular system (DTS) and lysosome-like
acidic organelles (LLAO). The former is relieved of Ca®* by the inositol 1, 4, 5-triphosphate (IP3) signaling pathway,
while the latter increases the intracellular Ca** concentration by the role of the second messenger, nicotinamide adenine
dinucleotide phosphoric acid. Then, store-energized calcium channels (SOCC) are responsible for the free Ca*" influx in
most of the platelet matrix. Under the joint regulation of stromal interaction molecule 1 (STIM1) and the calcium release-
activated calcium modulator 1 (Orail), the effect of Ca®" release from the calcium pool and increase the concentration of
Ca”' in the cytoplasm can be amplified. When the cytoplasmic Ca®" concentration is increased, Ca®" pools can re-uptake
Ca*" by the sarco/endoplasmic reticulum Ca®*-ATPase (SERCA), or be pumped into the extracellular environment by the
plasma membrane Ca®"-ATPase (PMCA) on the platelet membrane, both of which are required to maintain the low
intracellular Ca** concentration in the resting state.’

In our study, we have found that the platelet Ca** level of patients with chronic ITP is significantly higher than that of
healthy controls, indicating the presence of calcium overload in platelets. This may be due to the increased concentration
of Ca®" in the cytoplasm of platelets, which leads to the uptake of Ca** by mitochondria from the cytoplasm, further
leading to an increased Ca®" load in mitochondria.*” We hypothesize that Ca** may be important in the initiation of the
platelet mitochondrial apoptosis pathway. Blocking related Ca®" channel proteins and inhibiting the occurrence of platelet
calcium overload may reduce abnormal platelet apoptosis in patients with chronic ITP.

Role of CNX in Platelets Apoptosis
CNX is a Ca*"-regulated transmembrane protein present on the endoplasmic reticulum. CNX contains an endoplasmic
reticulum functional domain, diaphragm segment and cytoplasmic tail. The RKPRRE motif at the C terminus may be
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Figure | Flow cytometry results for the expression of Ca>*, CNX and CRT in platelets.
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related to the localization of CNX on the endoplasmic reticulum. The cytoplasmic region of CNX contains sites that can
be phosphorylated by casein kinase II, and the luminal region contains Ca®" binding sites that may be involved in
regulating the binding of CNX to proteins that are not fully folded. CNX can bind to the oligosaccharide chains of newly
synthesized proteins that have not been fully folded to prevent protein aggregation and ubiquitination and prevent
incomplete proteins from leaving the endoplasmic reticulum.® It also facilitates the binding of other chaperones to these
proteins, allowing complete protein folding. The separation of CNX from its bound protein marks the completion of the
folding or assembly of the new protein. CNX is part of a CNX/CRT cycle in the endoplasmic reticulum, which can
specifically recognize N-junction glycoproteins and is an important mechanism for eukaryotic cells to promote correct
protein folding. CNX, under stress, responds to the unfolded protein response, and improves the load-carrying capacity of
the endoplasmic reticulum collectively through up-regulation of its own expression.”

The results of this study show that the expression level of CNX in platelets of patients with chronic ITP is
significantly lower than that of healthy controls. CNX can maintain Ca®" homeostasis and signal transduction by
regulating the storage and release of Ca®" from the endoplasmic reticulum.'® In our analysis, there may be endoplasmic
reticulum disruption in patient platelets, leading to the down-regulation of the expression of two important Ca>*-related
proteins (CRT and CNX) in the endoplasmic reticulum resulting in disruption of platelet intracellular Ca®>" homeostasis
and Ca”" overload.

Role of CRT in Platelet Apoptosis

CRT is one of the major calcium-binding proteins in the endoplasmic reticulum. There are three functional regions in
CRT, namely, N-terminal region, P-terminal region and C-terminal region. The C terminus region is similar to
calsequestrin, the calcium storage protein of the sarcoplasmic reticulum. This region is highly acidic and has a high
Ca*" binding capacity. The C-terminal contains a tetrapeptide (K-D-E-L) that acts as an endoplasmic reticulum retention
signal and is generally thought to be localized in the endoplasmic reticulum.'' When CRT was first discovered, it was
considered as a molecular chaperone, coordinating the folding and transport of membrane surface proteins, exocrine
proteins, or endoplasmic reticulum-reticulum residing proteins. CRT is found on the surface of the platelet membrane and
on the granular membrane in the cytoplasm, interacting with integrin a2B1 and glycoprotein IV, and anti-CRT antibodies
can cause activation and aggregation of platelets.

CRT has been shown to be more highly expressed on the surfaces of tumor cells, apoptotic cells and cells that have
been treated with drugs such as anthracycline. CRT can bind to CD91/IRP1, a receptor on the surface of innate immune
cells, such as macrophages, dendritic cells and other immune cells, to enhance the immune response.'? In addition,
studies have shown that high concentrations of CRT and its antibodies can be detected in the serum of rheumatoid or SLE
patients, suggesting that CRT is related to autoimmune diseases.'> We show the expression of CRT in platelets of patients
with chronic ITP is significantly lower than that of healthy controls. CRT has a high affinity for Ca®", which buffers the
intracellular Ca®* concentration by binding to Ca*", thereby regulating intracellular Ca** levels and reducing intracellular
Ca”" overload. At present, most studies on the relationship between CRT and apoptosis have focused on eukaryotic cells,
while there are few reports about platelets.'* We hypothesize that platelets in patients with chronic ITP are deficient in
CRT, resulting in the disruption of Ca®" homeostasis and Ca>" overload, then leading to the activation and apoptosis of
platelets in the hyperactive state of chronic ITP.

Association Between Ca>* Overload and Bcl-2 Family Proteins

In a previous study, we found that Bcl-xL levels in platelets of patients with chronic ITP are significantly lower than
those of healthy controls, while the expression levels of Bax and Bak are markedly increased. Under the stimulation of
immune factors, platelets in patients with chronic ITP experience depolarization of mitochondrial membrane, decreased
mitochondrial transmembrane potential and abnormal opening of mitochondrial permeability transition pore (MPTP),
which eventually leads to the imbalance of expression of anti-apoptotic and pro-apoptotic proteins in platelets, thereby
causing platelet apoptosis.'>'® Studies have shown that Bcl-2 family proteins can interact with the endoplasmic
reticulum, control the release of Ca®', and regulate signal transmission between the endoplasmic reticulum and
mitochondria.!” Another study has found that Bak and Bax, pro-apoptotic members of the Bcl-2 family, can bind Ca**
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Figure 3 Association between Ca?* overload and Bcl-2 family proteins.

in the endoplasmic reticulum and sensitize mitochondria to Ca?" influx, thus regulating the release of cytochrome C and
causing platelet apoptosis.'® Platelets contain both Ca** and Bcl-2 family proteins, so Ca*" could be an important
regulator of Bcl-2 family proteins. The endoplasmic reticulum is the primary storage site for Ca®". Ca®" exists in free
form or in the form of binding with intracavitary proteins such as CRT and CNX. When CRT and CNX fail to function
normally, the concentration of Ca" in platelets is increased, leading to an increase in the uptake of Ca®" by mitochondria
from the cytoplasm. The increase of Ca®" concentration caused abnormal opening of MPTPs. The continuous opening of
MPTP further leads to disappearance of the mitochondrial transmembrane potential, which leads to the rupture of
mitochondrial respiratory chain and the release of apoptotic factors such as cytochrome C and caspase, thus initiating
platelet apoptosis. Ca** plays an important role in accelerating cell death and triggering cell apoptosis in the mitochon-
dria-endoplasmic reticulum positive feedback pathway (Figure 3).

Conclusion

Based on enhanced expression of Ca®" and attenuated expression of CNX and CRT in patients with chronic ITP, Ca®"
overload is an important regulatory signal to initiate the mitochondria-mediated apoptosis in platelets. Ca>* concentration
and its associated down-regulated proteins may be potential targets for treatment of chronic ITP.
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