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Abstract: Background: Acute lymphoblastic leukemia (ALL) is the most common malignant cancer in the childhood. 
The researches about the changes of platelet function in ALL are still rare, and the specific mechanism is still 
unknown. Due to the limited detection technology, the functions of platelet in ALL are poorly understood. Purpose: 
To investigate the expression difference of platelet proteins between ALL and healthy children. Methods: Twenty-
seven ALL children (ALL group), 25 ALL children who obtained complete remission after remission-induction therapy 
(ALL-CR1 group) and 27 healthy children (control group) were enrolled in this study. The surface enhanced laser 
desorption/ionization time-of-flight mass spectrometry (SELDI-TOF-MS) technique was used to obtain and analyze 
the whole platelet protein spectrum of each group. Results: Compared with control group, ALL group had 9 protein 
peaks which had the stable expression differences (P < 0.05), the mass/charge ratio (m/z) were 2496.9, 4287.9, 
7881.2, 4091.3, 3149.9, 2365.1, 9414.1, 5252.3 and 2280.7, respectively. There were 6 protein peaks with the 
stable expression differences between the ALL group and the ALL-CR1 group (P < 0.05), and the m/z were 2496.9, 
4287.9, 9414.1, 7881.2, 3149.9 and 2280.7, respectively. The differentially expressed protein peaks were ana-
lyzed as endothelin-1, big endothelin-1, PF4, thrombin light chain, pituitary adenylate cyclase activating polypeptide 
27, fibrinogen β chain and 3 unknown proteins. Conclusion: There are significant differences in platelet proteome 
between ALL children and healthy children, and the ALL children have the platelet function abnormalities, such as 
the obstacle of cell signal transduction, aggregation, and abnormalities of activation and coagulation.
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Introduction

The acute lymphoblastic leukemia (ALL) is the 
most common malignant cancer in the child-
hood, accounting for about 25% of child can-
cers, and the 5-year survival rate of patients 
that received the protocol treatment is 76%-
86% [1]. The bleeding is a common symptom 
and cause of ALL death. The leukemic cell infil-
tration into the vessel walls, decreased produc-
tion of platelets, coagulation and anticoagula-
tion dysfunction, as well as many other factors, 
can induce the severe bleeding, among which 
the most important reason is thrombocytope-
nia. The degree of thrombocytopenia is the 
determinant in the assessment of bleeding 
risk, but the clinics often find that the thrombo-
cytopenia is not completely correlated with 
bleeding risk. Some patients exhibit the mani-
festation of only a small amount of bleed- 
ing, though the platelet count of is less than 

10×109/L. In other patients, the platelet count 
is more than 50×109/L, but they still face with 
the symptoms of severe bleeding [1, 2]. Studies 
have found that, among all types of acute leu-
kemia, when the platelet count decreases, 
there may be the platelet function abnormality 
[3, 4]. The possible causes of platelet count 
decrease in ALL may be as follows: (i) The 
abnormal progenitor cells and immature cells 
inside the bone marrow proliferate largely, 
which inhibits the normal hematopoietic func-
tion, induces the disorders of megakaryocyte 
generation and differentiation, thus reducing 
the normal platelet formation; (ii) During the 
suppression of bone marrow proliferation by 
partial chemotherapy drugs, the integrity of 
platelet structure will also be directly under-
mined, leading to the excessive releasing of the 
contents, i.e., α-particles and dense particles, 
into the peripheral blood, and accelerating the 
aggregation of platelets, thus making the plate-
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let count inside the peripheral blood to continu-
ously decrease; (iii) The repeated blood trans-
fusion, severe infection, and a variety of inflam-
matory mediators can induce the immune 
response to accelerate the destruction and 
decline of platelets [5]. Currently, the research-
es about the changes of platelet function in ALL 
are still rare, and the specific mechanism is still 
unknown. Psaila et al. [6] have found that the 
expression of surface activation related recep-
tor of platelet membrane in the acute myeloid 
leukemia (AML)/myelodysplastic syndromes 
(MDS) patients is decreased, and compared 
with ITP, the AML/MDS patients showed the 
low intrinsic activity and intrinsic reactivity of 
platelet. Sharma et al. (4) have found that the 3 
main enzymes of platelet energy generation 
pathway show the functional abnormalities in 
the incidence and treatment of various types of 
leukemia. In the leukemia, the abnormalities of 
platelet metabolism and enzyme functions 
reflect that the origin of megakaryocyte is 
defective, which can also explain the absence 
of platelet functions in the leukemia. However, 
the platelet functions in ALL are not conclusive 
currently. Therefore, from the perspective of 
platelets, the further investigation towards the 
roles of platelet functions in the pathogenesis 
of ALL will have the great significance in eluci-
dating its relative pathogenesis.

As a unique particle without the nuclear, the 
platelet cannot be studied through the conven-
tional molecular and cellular biological tech-
niques. The platelet proteomics has become an 
important tool to explore the biological informa-
tion of platelets. In the last decade, the applica-
tion of platelet proteomics technology has dis-
covered a lot of new platelet receptors and sig-
naling proteins [7, 8]. The platelet has a pivotal 

role in the pathogenesis and treatment pro-
cesses of ALL. Along with the induction-remis-
sion role of chemotherapy drugs, the functions 
of bone marrow will gradually recover, and this 
will firstly be reflected in the changes of plate-
let. The parameters of platelet will exhibit the 
significant changes, thus it can be of an impor-
tant value towards the evaluation of drug effi-
cacy and disease prognosis. Due to the limited 
detection technology, the functions of platelet 
in ALL are poorly understood. This study applied 
the surface enhanced laser desorption/ioniza-
tion time-of-flight mass spectrometry (SELDI-
TOF-MS) technique to detect the differential 
expressions of platelet proteins in the ALL chil-
dren, aiming to study the changes, from the 
angle of platelet, of platelet functions during 
the pathogenesis and chemotherapy of ALL, 
and to investigate mechanisms of platelet dys-
function in ALL.

Subjects and methods

Subjects

Fifty-two patient children from the Department 
of Pediatric Hematology and 27 healthy chil-
dren (control) from Department of Healthy 
Examination of Affiliated Hospital of Luzhou 
Medical College from Nov 2010 to Dec 2012 
were enrolled in this study. The patients were 
divided into ALL group (27 cases) and ALL-CR1 
group (25 cases, the patients obtained com-
plete remission after remission-induction ther-
apy). There was no significant difference in the 
age or gender among the 3 groups (P > 0.05). In 
ALL group, the patient met the basic diagnostic 
criteria of ALL by the morphological analysis of 
bone marrow cells and MICM classification, 
who had not received any related treatment 
and excluded the combination of other neo-
plastic diseases (9). There were 14 males and 
13 females, with the age of 4.3±3.7 years. The 
specific sub-classification situations were as 
follows: (i) Morphological classification (mor-
phology, M), including 15 cases of L1 type 
(55.6%), 10 cases of L2 type (37.0%) and 2 
cases of L3 type (7.4%); (ii) Immunological clas-
sification (immunology, I), including 19 cases of 
B-lineage (70.3%), 5 cases of T-lineage (18.5%), 
2 cases of T+B-lineage (7.4%), and 1 case of 
lymph-marrow-lineage (3.7%); (iii) Cytogenetic 
classification (cytogenetics, C), the chromo-
some analysis showed that 23 cases had the 
normal chromosome numbers (85.2%), 4 cases 
were abnormal (14.8%), 19 cases had the nor-

Figure 1. Comparison of platelet count among three 
groups.
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mal karyotypes (70.4%), while 8 cases had the 
abnormal karyotypes (29.6%); (iv) Molecular 
biology (molecular, M), 2 cases exhibited the 
positive of BCR-ABL fusion gene (7.4%), and 1 
case exhibited the positive of MLL-AF4 fusion 
gene (3.7%); (v) Clinical risk classification, in- 
cluding 9 cases of high-risk type (33.3%), 8 
cases of intermediate risk type (29.6%), and 10 
cases of standard-risk type (37.0%). In ALL-CR1 
group, the complete remission met the efficacy 
standards of acute leukemia (10). There were 

trate) was added inside to re-suspend the 
platelets, followed by centrifugation at 3000 
rpm for 20 min. The supernatant was discard-
ed, and the residual was then rinsed by Tyrodes-
HEPES solution (134 mM NaCl, 0.34 mM 
Na2HPO4, 2.9 mM KCI, 12 mM NaHCO3, 20 mM 
HEPES, 5 mM glucose, 1 mM MgCl2, pH 7.3, 1 
mM EGTA), indomethaein (10 M) and ACD (7%). 
The platelets were then re-suspended to the 
concentration of 2×109/ml or 1×109/ml for the 
incubation at room temperature for 30 min. 

Figure 2. Comparison of protein peak intensity between ALL and control 
group (A), between ALL and ALL-CR1 group (B), and between ALL-CR1 and 
control group (C).

12 males and 13 females, wi- 
th age of 4.6±3.1 years. In con- 
trol group, the children had 
normal indexes of peripheral 
blood examination. There we- 
re 15 males and 12 females, 
with age of 4.4±3.3 years. 
This study was approved by 
the ethics committee of Affili- 
ated Hospital of Luzhou Medi- 
cal College. Written informed 
consent was obtained from 
the family of all participants.

Separation of platelet 
samples and extraction of 
proteins

The negative-pressure blood 
lancet was used to extract 5 
ml venous blood, which was 
performed with the anticoagu-
lation in the vacuum blood 
sampling tube. 5 μL prostacy-
clin application solution was 
instantly added inside (with 
final concentration as 2.5 
mM) to prevent the platelet 
activation. The mixture was 
then slightly mixed uniformly, 
and centrifuged at 800 rpm 
for 15 min. The upper layer 
plasma, which was about l/3 
volume and rich of platelet, 
was then shifted into a new 
centrifuge tube. After adding 5 
μl prostacyclin application so- 
lution, the plasma was centri-
fuged at 3000 rpm for 20 min, 
and then the upper plas- 
ma was discarded. 0.5 ml 7% 
ACD solution (citrate dextrose) 
(117 mM sodium citrate, 282 
mM glucose and 78 mM ci- 
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After centrifugation at 15000 rpm, 2 μL/mL 
protease inhibitor was added, and the mixture 
was stored at -80°C. The isolated platelet con-
centration was detected by the blood cell auto-
matic detector. The platelets were re-suspend-
ed in the lysis buffer, and the repeated frosting 
and thawing. The supernatant was collected for 
the protein content determination by the 
Bradford method, and the rest protein samples 
were stored at -80°C.

Chip pretreatment and detection of platelet 
protein spectrum 

The SELDI-TOF-MS technique was used to ob- 
tain and analyze the whole platelet protein 
spectrum of each group. During the chip activa-
tion, 5 μL fused platelet lysate was added to 
the bottom of centrifuge tube, and 5 μL semi-
saturated SPA was also added, followed by suf-
ficient mixing and standing. 2 μL test sample 

was used to detect the platelet proteins which 
were bound to the protein chip surface. The 
range was optimized from 2000 to 20,000, and 
the highest molecular weight detected was set 
as 100,000, with the laser intensity of 215 and 
the detection sensitivity of 9. All-in-one protein 
standard molecule chips (Ciphergen Biosyst- 
ems, USA) were used for correction with the 
mass deviation ≤ 0.1%. The Ciphergen Protein- 
chip software (Ciphergen Biosystems, USA) was 
used to automatically collect the original exper-
imental data and store. The pre-treatment was 
performed for all the obtained platelet protein 
spectra.

Data analysis and protein screening identifica-
tion   

The Biomarker Wizard and Biomarker Pattern 
software were used to perform the data analy-
sis, which used the analysis of variance to per-
form the preliminary statistical analysis towards 
the data obtained by the proteinchip software. 
The further analysis used the SPSS19.0 soft-
ware to screen out the mass to charge ratios 
(m/z) of the platelet protein markers that had 
the statistical significance. The results were 
then input into the protein databases to get the 
corresponding proteins of these protein m/z 
peaks. The roles of screened differentially-
expressed proteins in the platelet function were 
clarified, to the changes of protein expression 
were analyzed, for obtaining the molecular 
mechanism of platelet functional abnormality 
in ALL. 

Table 1. Comparison of the 9 significant protein mass peaks 
among three groups (mean ± SD)
M/z ALL group ALL-CR1 group Control group

2496.9↑ 2.99±0.27 1.12±0.30a 0.72±0.19a

4287.9↑ 2.22±0.45 1.52±0.27a 1.22±0.38a

9414.1↓ 4.86±1.30 11.75±3.10a 19.67±4.71a,b

7881.2↓ 6.07±1.41 15.84±3.1a 23.89±6.91a,b

5252.3↓ 10.95±3.47 13.36±4.68a 16.99±6.98a,b

4091.3↓ 0.91±0.19 1.97±1.31a 3.10±0.43a,b

3149.9↓ 4.36±1.11 9.73±2.10 19.65±6.18a,b

2365.1↓ 1.65±0.27 2.56±0.53 3.67±0.57a,b

2280.7↓ 3.88±0.55 6.15±1.31a 9.24±2.4a,b

Note: aP < 0.05 compared with ALL group; bP < 0.05 compared with ALL-
CR1 group. ↑: high expression; ↓: low expression.

Figure 3. Comparison of 2 highly-expressed protein 
peaks among three groups.

was drawn and added to the well 
with the activated Au chip (Ciphergen 
Biosystems, USA). After drying, 1 μL 
semi-saturated SPA was added to 
each well for the detection. The pro-
tein Au chip was placed into the bio-
processor device, and 200 μL PBS 
was added to each well, followed by 
shocking for 3 times, 5 min for each 
time. The PBS was brushed off, and 
200 μl HPLC water was added, fol-
lowed by the quick dumping and 
patting-to-dry. The chips were then 
removed and dried at the room tem-
perature, followed by the point-add-
ing of 1 μl SPA, which was repeated 
after 10-min standing. The PBS II/C-
type protein fingerprinting spectrom-
eter (Ciphergen Biosystems, USA) 
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Results

Changes of platelet count

The platelet counts of ALL group, ALL-CR1 
group and control group were (34±24)×109/L, 
(168±32)×109/L and (177±29)×109/L, respec-
tively. The ALL group exhibited the statistically 
significant differences with ALL-CR1 group and 
control group (P < 0.05), while the difference 
between the ALL-CR1 group and control group 
had no statistical significance (P > 0.05) (Figure 
1).

Compared with the control group, the ALL-CR1 
group had 69 protein peaks that exhibited the 
significant differences (P < 0.05), and all were 
lowly expressed, 4 proteins were stably expre- 
ssed and had the smallest CV between the two 
groups, with m/z as 9414.1, 7881.2, 5252.3 
and 3149.9, respectively (Figure 2C).

The analysis towards the 9 protein peak 
between the ALL group and the control group 
revealed that, the 2 highly-expressed protein 
peaks also exhibited the significant differences 
during the comparison between the ALL group 

Figure 4. The platelet protein mass chromatograms of the protein peak with 
mass/charge ratio of 2496.9 (A) and 4287.9 (B) among three groups.

Figure 5. Comparison of 7 lowly expressed protein peaks among three 
groups.

Results of protein peaks de-
tection

Compared with the control gr- 
oup, the ALL group had 176 
protein peaks that were signif-
icantly different (P < 0.05), 
among which 25 protein pea- 
ks were highly expressed, and 
151 were lowly expressed. 
When compared the variation 
coefficient (CV) of the aver 
age protein peaks between 
these 2 groups (CV = SD/
Mean×100%), it could be seen 
that there were 9 proteins that 
could be stably expressed and 
had the small CV between the 
two groups, among which 2 
were highly expressed, name-
ly m/z as 2496.9 and 4287.9, 
and 7 were lowly express- 
ed, namely m/z as 9414.1, 
7881.2, 5252.3, 4091.3, 
3149.9, 2365.1 and 2280.7 
(Figure 2A).

Compared with the ALL-CR1 
group, the ALL group had 112 
significantly different protein 
peaks (P < 0.05), among whi- 
ch 15 were highly expressed 
and 97 were lowly expressed. 
There were 6 proteins stably 
expressed with the smallest 
CV between the two groups, 
among which 2 were highly 
expressed, with the m/z as 
4287.9 and 2496.9, and 4 
were lowly expressed, with the 
m/z as 9414.1, 7881.2, 
3149.9 and 2280.7 (Figure 
2B).
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and the ALL-CR1 group (P < 0.05), while the dif-
ference between the ALL-CR1 group and the 
control group was not statistically significant (P 
> 0.05) (Table 1; Figures 3, 4). The 7 lowly ex- 
pressed protein peaks were still lowly expressed 
in the ALL-CR1 group, and the difference was 
statistically significant when compared with the 

biologists. Due to the limited detection technol-
ogy, the platelet research lags far behind the 
other nucleated cells [10]. The platelet pro-
teome could be used to resolve the complex life 
processes of platelet proteome: base on the 
platelet, the specific proteins expressed by 
platelets could be identified, the platelet sig-

Figure 6. A: The platelet protein mass chromatograms of the protein peaks 
with mass/charge ratio of 5252.3, 7881.2 and 9414.1 among three groups; 
B: The platelet protein mass chromatograms of the protein peaks with mass/
charge ratio of 2280.7 and 3149.9 among three groups; C: The platelet pro-
tein mass chromatograms of the protein peaks with mass/charge ratio of 
2365.1 and 4091.3 among three groups.

ALL group (P < 0.05). This indi-
cated that, the functional im- 
provement might exist, but 
there still existed the differ-
ences when compared with 
the control group (P < 0.05). 
The functions might not return 
to the normal (Table 1; Figures 
5 and 6).

Results of protein identifica-
tion 

The m/z values of 9 differen-
tial proteins were detected be- 
tween ALL group and control 
group, with 4 differential pro-
teins between ALL group and 
ALL-CR1 group and 6 differen-
tial proteins between ALL-CR1 
group and control group. They 
were input in the protein data-
bases for the corresponding 
proteins towards these pro-
tein peaks. The differentially 
expressed protein peaks were 
predicted to be endothelin-1, 
big endothelin-1, PF4, throm-
bin light chain, pituitary ade-
nylate cyclase activating poly-
peptide 27, fibrinogen β chain 
and 3 unknown proteins (Ta- 
ble 2).

Discussion

The platelet is the important 
part of blood, and generated 
from the megakaryocytes of 
bone marrow. Since the plate-
let has no nucleus and only a 
trace amount of mRNA, it 
could not be detected through 
the large quantities of cultiva-
tion or the conventional DNA 
recombinant technology, thus 
the research of platelets is a 
huge challenge towards the 
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nals or metabolic pathway might be analyzed, 
as well as the functional changes of platelet 
protein in the normal and pathological states 
could be analyzed, thus it could greatly improve 
our understanding towards the biological func-
tions of platelet. The proteomics technology 
has identified more than 1100 kinds of platelet 
proteins, and many sub- proteomes have been 
distinguished, and proteomics data inside the 
comprehensive database has become the 
increasingly useful [11]. The identification of 
these proteins could help to elucidate the pro-
cesses that involve the platelet, such as bleed-
ing, coagulation disorders, and molecular 
mechanisms of transplantation treatment and 
regulation of blood vessel generation. As the 
important component of proteomics, the SELDI-
TOF-MS technology could directly detect the 
proteomes of body fluid expression, such as 
blood, urine and cerebrospinal fluid, etc., and it 
has characteristics such as fastness, easiness, 
with less amount requirement and higher 
throughput, thus it has been widely used in the 
early diagnosis and monitoring of various dis-
eases, including the hematologic diseases [12-
15]. In the early stage, our group had applied 
the proteome into a variety of diseases and 
successfully detected the specific protein 
peaks [16-18], and we also applied the SELDI-
TOF-MS technology towards the serum proteins 
detection of ALL children, and found that the 
serum proteomic of the ALL children had signifi-
cantly different m/z (2770.43) when compared 
with the normal children, which might be the 
serum protein biomarker of ALL, so the SELDI-
TOF-MS technology could provide a new meth-
od towards the monitoring of minimal residual 
disease after the complete remission of ALL 
[19].

ALL is the most common malignant hematologi-
cal cancer disease in the childhood, accounting 

for 30% of malignant tumors which happen in 
the under-14-year-old children, and seriously 
threatening the lives of children. The bleeding 
is the one of most common clinical symptoms 
and death causes during the ALL incidence and 
chemotherapy [20]. A severe thrombocytope-
nia is an important factor that leads to the 
bleeding, and there are data showing that vari-
ous types of acute leukemia occurred not only 
the decreasing of platelet counting, but also 
the abnormality of platelet functions. However, 
when the platelet counting is at a very low level, 
the detection of its functions would be limited, 
thus the platelet functions and bleeding risk 
would be difficult to be assessed when the 
platelets are in low levels [21]. There has been 
no report about the platelet proteomics in the 
ALL status. In this study, SELDI-TOF-MS tech-
nology was used to research the differences of 
platelet protein expressions before and after 
the ALL children’s chemotherapy, as well as 
between the ALL children and the normal chil-
dren, the results revealed that, there existed 
176 differentially expressed proteins peaks 
between the ALL group and the control group, 
indicating that there were significant differenc-
es in the platelet proteome of peripheral blood 
between the ALL children and the normal chil-
dren; and there were 112 significantly different 
protein peaks between the ALL group and the 
ALL-CR1 group. At the same time, there were 
69 different protein peaks between the ALL-
CR1 group and the control group, which were all 
lowly expressed, while there was no highly 
expressed protein peak, and the number of 
lowly expressed protein peaks that were statis-
tically significant in the ALL-CR1 group was sig-
nificantly reduced than the ALL group, indicat-
ing that the platelet functions of these ALL chil-
dren might have certain improvements after 
the treatment, but there were still partial lowly 
expressed protein peaks, indicating that the 

Table 2. Differences in protein database search results and related parameters of ALL patients
Number M/z Protein PI Protein functions
EDN1_HUMAN (P05305) 2496.9 Endothelin-1 4.54 Cytokine activity, endothelin receptor binding

EDN1_HUMAN (P05305) 4287.9 Big endothelin-1 5.31 Cytokine activity, endothelin receptor binding

FIBB_BOVIN (P02676) 2365.1 Fibrinogen β chain 4.37 Thrombospondin receptor activity

PF4V_HUMAN (P10720) 7881.2 Platelet factor 4 7.91 Platelet activation

THRB_HUMAN (P00734) 4091.3 Thrombin light chain 4.65 Blood coagulation, hemostasis

PACA_HUMAN (P18509) 3149.9 Pituitary adenylate cyclaseactivating polypeptide 27 9.69 Receptor signaling protein activity

9414.9 Unknown

2280.7 Unknown

5252.3 Unknown
Note: PI, isoelectric point.
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expressions of these proteins might not return 
to normal state yet.

Through this experiment, a total of 9 differen-
tially expressed proteins between the ALL 
group and the control group were screened, 
among which 2 were highly expressed, and 7 
were lowly expressed. Through the analysis 
towards these proteins, the 2 proteins signifi-
cantly highly expressed were identified as 
endothelin-1 (ET-1), with the m/z as 4287.9, 
and the big endothelin-1, with the m/z as 
2496.9. ET could not only exhibit the role of 
vasoconstriction, but also promote the mitosis, 
connecting with the growth, differentiation and 
metastasis of a variety of tumors; at the same 
time, it could induce the tumor angiogenesis 
[22, 23]. Wei et al. [24] found that when the AL 
children developed, the plasma ET was signifi-
cantly higher than normal children. Wang et al. 
[25] found that when the AL children were 
accompanied with the bleeding, the ET levels 
were significantly higher than those without the 
bleeding, thus it revealed that ET might be 
involved in the processed of bleeding and coag-
ulation. This study found that, ET existed in the 
platelet proteins of ALL children, with signifi-
cantly increased level. The mechanism was not 
clear. The increased ET might be induced by the 
leukemia cells, and it would interact with the 
tumor cells, thus resulting in the abnormal clot-
ting functions. The m/z of the 7 lowly express- 
ed proteins were 7881.2, 4091.3, 3149.9, 
2365.0, 2280.7, 9414.1, 5252.3, which were 
identified as PF4, thrombin light chain , pitu-
itary adenylate cyclase-activating polypeptide 
27, fibrinogen β chain and three unknown pro-
teins. PF4 is a cytokine with small molecular 
weight, belonging to the CXC chemokine family, 
and plays an important role in regulating the 
inflammation and angiogenesis [26, 27]. Shi et 
al. [15] found by the proteomic analysis that the 
serum PF4 protein-corresponded peak in ALL 
was significantly reduced, which could be used 
as the potential protein biomarker to distin-
guish ALL, AML and the control group. This 
study found that the expression level of platelet 
PF-4 of the ALL group was low, though it was 
increased after the chemotherapy than the ALL 
group, it still existed the difference with the nor-
mal group. The low level of PF4 might be caused 
by the affected platelet activation functions. 
Kim et al. [28] found that in the AML-CR 
patients, the PF4 levels in the peripheral blood 

were significantly higher than the patients 
before the treatment and with the partial remis-
sion, the serum PF4 > 2.492 μg/ml might indi-
cate that the platelet counting in the peripheral 
blood returned to > 100×109/L, and it could be 
used as a good indicator to evaluate the num-
ber restoring in the ALL complete remission 
period.

The thrombin light chain and fibrinogen β chain 
are involved in the normal coagulation process, 
and closely related to the platelets. These 2 
proteins are both involved in the normal coagu-
lation process. The experiment showed that the 
expressions of them were reduced, indicating 
that there was the abnormal coagulation in the 
pathogenesis of ALL, and this abnormality was 
presented not only by the bleeding, but also the 
thrombus formation. Giordano et al. [29] found 
that the laboratory indexes of newly diagnosed 
ALL children exhibited the increasing of throm-
bin generation and fibrin formation, inhibited 
fibrinolysis and activated endothelial functions 
and inflammations. But the specific roles of 
thrombin -like structure proteins within the 
platelet are still unclear, and their relationships 
with ALL still need the further exploration. The 
pituitary adenylate cyclase polypeptide 27 is a 
protease that exhibits the high activation role 
towards the pituitary adenylate cyclase. This 
protein may be related to the signal transduc-
tion pathway, but the exact mechanism is still 
unclear. This study found that in the ALL group, 
adenylate cyclase polypeptide 27 was lowly 
expressed, and might be associated with the 
disorder of platelet signal transduction path-
way. This experiment also found 3 protein 
peaks that were significantly expressed, with 
the m/z as 2280.7, 9414.1 and 5252.3, respec-
tively, while the corresponding proteins could 
not be found in the proteome database, these 
unknown proteins might be closely related to 
the platelet functions.

In this study, the platelet proteomics was used 
to study the platelet protein expressions in ALL, 
but the collected experimental cases were 
fewer, thus the results might not be compre-
hensive. In the future we should study the 
platelet proteins from various angles, and 
explore the changes of protein expressions at 
the different ALL periods. In addition, we should 
purify the proteins for the analysis and identifi-
cation. This can help us to further clarify the 
mechanisms of diseases, providing a basis for 
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disease diagnosis, treatment monitoring and 
prognosis judgment.

Acknowledgements

This work was supported by the Provincial 
Science and Technology of Sichuan Province, 
China (No. 2008SG0035).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wenjun Liu, De- 
partment of Pediatrics, Affiliated Hospital of South- 
west Medical University, 25 Taiping Street, Luzhou 
646000, Sichuan, China. Tel: +86-830-3165590; 
E-mail: lzwenjunliu@163.com

References 

[1]	 Pui CH, Sandlund JT, Pei D, Campana D, Rivera 
GK, Ribeiro RC, Rubnitz JE, Razzouk BI, Ho-
ward SC, Hudson MM, Cheng C, Kun LE, Rai-
mondi SC, Behm FG, Downing JR, Relling MV, 
Evans WE; Total Therapy Study XIIIB at St Jude 
Children’s Research Hospital. Improved out-
come for children with acute lymphoblastic 
leukemia: results of Total Therapy Study XIIIB 
at St Jude Children’s Research Hospital. Blood 
2004; 104: 2690-2696.

[2]	 Psaila B, Petrovic A, Page LK, Menell J, Schon-
holz M, Bussel JB. Intracranial hemorrhage 
(ICH) in children with immune thrombocytope-
nia (ITP): study of 40 cases. Blood 2009; 114: 
4777-4783.

[3]	 Slichter SJ, Kaufman RM, Assmann SF, Mc-
Cullough J, Triulzi DJ, Strauss RG, Gernsheimer 
TB, Ness PM, Brecher ME, Josephson CD, 
Konkle BA, Woodson RD, Ortel TL, Hillyer CD, 
Skerrett DL, McCrae KR, Sloan SR, Uhl L, 
George JN, Aquino VM, Manno CS, McFarland 
JG, Hess JR, Leissinger C, Granger S. Dose of 
prophylactic platelet transfusions and preven-
tion of  hemorrhage. N Engl J Med 2010; 362: 
600-613.

[4]	 Sharma S, Purohit A, Pati HP, Kochupillai V. 
Platelet enzyme abnormalities in leukemia. In-
dian J Cancer 2011; 48: 323-327. 

[5]	 Qian X, Liu WJ. Platelet changes in Acute leuke-
mia. Cell Biochem Biophys 2013; 67: 1473-
1479.

[6]	 Psaila B, Bussel JB, Frelinger AL, Michelson 
AD. Differences in platelet function in patients 
with acute myeloid leukaemia and myelodys-
plasia compared to equally thrombocytopenic 
patients with immune thrombocytopenia. J 
Thromb Haemost 2011; 9: 2302-2310.

[7]	 Senis Y, García A. Platelet proteomics: state of 
the art and future perspective. Methods Mol 
Biol 2012; 788: 367-399.

[8]	 Davi G, Patrono C. Platelet activation and ath-
erothrombosis. N Engl J Med 2007; 357: 2482-
2494.

[9]	 The Subspecialty Group of Hematology, The 
Society of Pediatrics, Chinese Medical Associa-
tion. Recommendations for diagnosis and 
treatment acute lymphoblastic leukemia in 
Children. Chinese Journal of Pediatrics 2006; 
44: 392-395. 

[10]	 Senis Y, García A. Platelet proteomics: state of 
the art and future perspective. Methods Mol 
Biol 2012; 788: 367-399.

[11]	 Senzel L, Gnatenko DV, Bahou WF. The platelet 
proteome. Curr Opin Hematol 2009; 16: 329-
333.

[12]	 Rolland D, Bouamrani A, Houlgatte R, Barbarat 
A, Ramus C, Arlotto M, Ballester B, Berger F, 
Felman P, Callet-Bauchu E, Baseggio L, Tra-
verse-Glehen A, Brugière S, Garin J, Coiffier B, 
Berger F, Thieblemont C. Identification of pro-
teomic signatures of mantle cell lymphoma, 
small lymphocytic lymphoma, and marginal 
zone lymphoma biopsies by surface enhanced 
laser desoption/ionization-time of flight mass 
spectrometry. Leuk Lymphoma 2011; 52: 648-
658.

[13]	 Shi L, Zhang J, Wu P, Feng K, Li J, Xie ZS , Xue 
P, Cai TX, Cui ZY, Chen XL, Hou JJ, Zhang JZ, 
Yang FQ. Discovery and identification of poten-
tial biomarkers of pediatric acute lymphoblas-
tic leukemia. Proteome Sci 2009; 7: 7.

[14]	 Jin M, Cataland S, Bissell M, Wu HM. A laser 
enhanced surface using purpura rapid test for 
the diagnosis of thrombotic thrombocytope- 
nic desorption/ionizationtime-of-flight (SELDI-
TOF)-mass spectrometry. J Thromb Haemost 
2006; 4: 333-338.

[15]	 Liu CY, Jia P, Liu WJ. Screening proteomics of 
serum biomarker with technology of surface 
enhanced laser desorption-time of flight-mass 
spectrometry for children with acute idiopathic 
thrombocytopenic purpura. J Appl Clin Pediatr 
2011; 26: 1172-1174.

[16]	 Bai YQ, Liu WJ, Guo QL. Screening of urinary 
biomarkers for steroid-resistant nephrotic syn-
drome in children. Exp Ther Med 2013; 5: 860-
864.

[17]	 Liu WJ, Yi QJ, Guo QL, Chen HY, Wang KZ. Pro-
teomic Analysis of the Diagnostic Biomarker 
for Childhood Infectious Mononucleosis. Afr J 
Pharm Pharmaco 2013; 7: 495-502.

[18]	 Ge YP, Liu WJ, Chen HY. Preliminary investiga-
tion on screening for serum protein markers by 
protein microchips technology in childhood 
acute lymphocytic leukemia. Chinese Journal 
of Pediatrics 2008; 46: 552-553.

mailto:lzwenjunliu@163.com



Differences in platelet proteins between ALL and healthy children

19093	 Int J Clin Exp Med 2016;9(10):19084-19093

[19]	 Metaye C, Milne E, Clavel J, Infante-Rivard C, 
Petridou E, Taylor M, Schüz J, Spector LG, 
Dockerty JD, Magnani C, Pombo-de-Oliveira 
MS, Sinnett D, Murphy M, Roman E, Monge P, 
Ezzat S, Mueller BA, Scheurer ME, Armstrong 
BK, Birch J, Kaatsch P, Koifman S, Lightfoot T, 
Bhatti P, Bondy ML, Rudant J, O’Neill K, Miligi 
L, Dessypris N, Kang AY, Buffler PA. The child-
hood leukemia international consortium. Can-
cer Epidemiol 2013; 37: 336-347.

[20]	 Vlădăreanu AM, Vasilache V, Bumbea H, Onisâi 
M. Platelet dysfunction in acute leukemias and 
myelodysplastic syndromes. Rom J Intern Med 
2011; 49: 93-96.

[21]	 Sandes AF, Yamamoto M, Matarraz S, Chauf-
faille Mde L, Quijano S, López A, Oguro T, Kimu-
ra EY, Orfao A. Altered immunophenotypic fea-
tures of peripheral blood platelets in myelody- 
splastic syndromes. Haematologica 2012; 97: 
895-902.

[22]	 Arun C, London NJ, HeIIlingway DM. Prognostic 
significance of elevated endothelin-1 levels in 
patients with eolorectal cancer. Int J Biol Mark-
ers 2004; 19: 32-37.

[23]	 Amn C, DeCatris M, Hemingway DM, London 
NJ, O’Byrne KJ. Endothelin-1 is a novel prog-
nostic factor in non-small cell lung cancer. Int J 
Biol Markers 2004; 19: 262-267.

[24]	 Wei XJ, Ran CG, Chen SJ. The level of Endothe-
lin in children with acute leukemia and its clin-
ical significance. Journal of China Child Blood 
2004; 9: 20-22.

[25]	 Wang JY, He HL, Chai YH. Studies on the Level 
of Endothelin in children with acute leukemia 
and its clinical significance. Chinese Journal of 
Pediatrics 1999; 30: 294-295.

[26]	 Kim JY, Lee JR, Choi S, Kim EM, Jung NK, Kim 
YH, Yoo JS, Lee SW. Quantitative pattern analy-
sis of the N-terminally processed isoforms of 
platelet factor-4 in serum. Rapid Commun 
Mass Spectrom 2013; 27: 521-530.

[27]	 Wang Z, Huang X. Platelet factor-4 (CXCL4/PF-
4): An angiostatic chemokine for cancer thera-
py. Cancer Lett 2013; 331: 147-153.

[28]	 Kim JY, Song HJ, Lim HJ, Shin MG, Kim JS, Kim 
HJ, Kim BY, Lee SW. Platelet factor 4 is an indi-
cator of blood count recovery in acute myeloid 
leukemia patients in complete remission. Mol 
Cell Proteomics 2008; 7: 431-441.

[29]	 Giordano P, Molinari AC, Del Vecchio GC, Sar-
acco P, Russo G, Altomare M, Perutelli P, Cres-
cenzio N, Santoro N, Marchetti M, De Mattia D, 
Falanga A. Prospective study of hemostatic al-
terations in children with acute lymphoblastic 
leukemia. Am J Hematol 2010; 85: 325-330.


