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Purpose: This study screened serum proteins to identify potential biomarkers for childhood
B-cell and T-cell acute lymphoblastic leukemia (ALL).

Patients and methods: Serum collected from 20 newly diagnosed B-cell ALL, 20 T-cell
ALL and 20 healthy children. The peptides from these samples were subjected to iTRAQ.
Differentially expressed proteins (DEPs) were further validated by ELISA in 24 B-ALL, 24
T-ALL, and 24 healthy children.

Results: Bioinformatics analysis revealed several pathways, including atherosclerosis sig-
naling, interleukin signaling and production in macrophages and clathrin-mediated endocy-
tosis signaling, that were closely related to childhood T-cell ALL. Furthermore, four selected
proteins, namely LRG1, S100A8, SPARC and sL-selectin, were verified by ELISA. These
results were consistent with the results of the proteomics analysis.

Conclusion: Serum S100A8 may serve as new diagnostic biomarkers in childhood B-cell
ALL and T-cell ALL.

Keywords: B-cell ALL, T-cell ALL, proteomics, acute lymphoblastic leukemia, children,
serum, isobaric tags for relative and absolute quantitation, ingenuity pathways analysis

Introduction

Acute lymphoblastic leukemia (ALL), the most common malignancy of child-
hood, may be of B or T-cell lineage (B-ALL or T-ALL)."? Although the survival
rate is currently approaching 90%, ALL remains one of the leading causes of
cancer deaths in children.® At onset, ALL is often difficult to discover because of
its nonspecific symptoms, especially when blast cells are not detected in the
peripheral blood. Currently, the bone marrow aspiration-based morphology,
immunophenotype, cytogenetics, and molecular biology (MICM) method is
used for the diagnosis and classification of leukemia at the time of onset and
transformation. However, most children show different degrees of mental stress
regarding this examination. Noninvasive and specific biomarkers for the early
diagnosis of pediatric ALL are urgently needed. As early as 1988, it was reported
that serum levels of interleukin (IL)-2 receptor in children with newly diagnosed
ALL were significantly higher than those in unaffected children and that IL-2
receptor and CD8 had independent prognostic value in childhood ALL.*?
However, previous studies only detected a single marker for ALL and were not
able to screen and identify new biomarkers by holistic expression analysis of
human proteins.
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Compared to B-ALL, T-ALL has considerable pheno-
typic and biological heterogeneity; is more common in
boys; and is associated with higher white blood cell
counts, higher chemotherapy-related deaths, higher relapse
rates, earlier central nervous system leukemia, and an
overall worse prognosis.® These biological behaviors and
clinical characteristics of T-ALL may be related to the
molecular genetics of leukemia cells, such as chromosome
aberrations and fusion genes, but the analysis of molecular
genetics is not equivalent to revealing the genome-
encoded protein.” The correlation between mRNA/DNA
and protein levels is insufficient to predict protein expres-
sion levels. Gene expression can only be manifested by
proteins. Therefore, it is important to screen and identify
proteins expressed in T-ALL that can be used either as
biomarkers for early diagnosis or prognosis of the disease
or as potential drug targets.

Proteomics is a powerful tool for identifying novel
molecule biomarkers.® Of these, isobaric tags for relative
and absolute quantification (iTRAQ), with the ability to
multiplex up to eight distinct samples in a single experi-
ment and with relatively higher sensitivity, has gained
significant interest in the field of quantitative proteomics
as a high-throughput quantification method.’

In this study, we used iTRAQ-based quantitative pro-
teomic technology to analyze and compare differentially-
expressed proteins in serum among three comparative
groups (B-ALL: control, T-ALL: control, and T-ALL:
B-ALL). Protein expression was confirmed by ELISA. In
addition, a bioinformatics Ingenuity Pathway Analysis
(IPA, http://www.ingenuity.com), including functional
annotation, pathway analysis, and protein-protein interac-
tion networks of differential proteins, was also performed.
Our findings will contribute to the identification of serum-
specific biomarkers in childhood B-ALL and T-ALL and
have implications for understanding pediatric ALL.

Materials and methods

Reagents and equipment

iTRAQ™ 8-plex reagent kits were purchased from Applied
ABI (USA). Trypsin, acetonitrile, isopropanol, acetone, for-
mic acid, tris(hydroxymethyl)aminomethane (tris), ethylene-
diaminetetraacetic acid (EDTA), tetramethylethylenediamine
(TEMED), Triton X-100, sodium dodecyl sulfate (SDS), and
sodium citrate buffer were purchased from Sigma-Aldrich
(USA). sL-Selectin/CD62L, S100A8, LRGI1, and SPARC
ELISA kits were obtained from Uscn (China). Sep-Pak Vac

C18 cartridges were purchased from Waters (USA), Human
14 Multiple Affinity Removal System (MARS) from Agilent
(USA), concentrator plus from Eppendorf (Germany), electro-
spray ionization and quadrupole time-of-flight liquid chroma-
tography-mass spectrometry (ESI-Q-TOF LC-MS) system
(Triple TOF4600) from AB SCIEX (USA), a reverse phase
BEH C18 column (50x2.1 mm, 1.7 um, 130 A) from Waters
(USA), and reverse C18 column (150 mmx75 pm, 3 pum,
300 A) and a nano-high-performance liquid chromatography-
mass spectrometry (HPLC-MS) system from Eksigent (USA).

Participants

Participants were recruited from the Pediatrics Unit of the
First Affiliated Hospital of Zhengzhou University between
March 2013 and March 2014. The study complied with the
Declaration of Helsinki and followed the ethical principles
of the First Affiliated Hospital of Zhengzhou University.
The study was reviewed and approved by the Institutional
Ethics Committee of the Department of Medicine of the
First Affiliated Hospital of Zhengzhou University. Written
informed consent was obtained from the parents or guar-
dians before the commencement of this study. The primary
ALL diagnosis was based on morphology, immunopheno-
typic analysis, cytochemical staining, and molecular ana-
lysis. The clinicopathological analysis was based on
French-American-British classification and international
prognostic scoring system.'® The patients were divided
into the T-ALL or B-ALL groups based on the results of
flow cytometry of cell surface markers. Age-matched
healthy controls with normal physical examination find-
ings were recruited from hospital outpatient departments;
the controls had no manifestations of any hematological
malignancy and no family medical history of allergies and
other systemic diseases. All participants were <14 years of
age. The characteristics of the study population are
described in Table 1.

Sample collection

For iTRAQ proteomics analysis, we obtained blood sam-
ples from 20 B-ALL patients, 20 T-ALL patients, and 20
healthy controls. For ELISA analysis, an additional 24
B-ALL patients, 24T-ALL patients, and 24 healthy con-
trols were enrolled. Blood samples were collected before
the initiation of cytotoxic therapy and 3 ml peripheral
blood sample was collected from all participants. The
blood samples were incubated at room temperature for
1 h in a vacutainer blood handling tube and centrifuged
at 3,000 rpm for 15 min at 4 °C. The serum layer was
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Table | Basic clinical characteristics of the study population
B-ALL T-ALL Control
No. of cases 44 44 44
Gender
Male 24 31 22
Female 20 13 22
Median age, years (range) 4(2months-10) 8(25days-14) 7(lyear-14)

FAB Classification

LI 35 30
L2 9 14
Immunophenotype Early pre-B ALL(6) T-ALL
Pre-B ALL(13)
common ALL(25)
Karyotype
abnormal karyotype 14 16
normal karyotype 30 28
WBC count
<30x10%/ 33(75%)
230%107/1 11(25%) -
<100%10%/1 - 24(55%)
2100%10%/1 - 20(45%)

Abbreviations: ALL, acute lymphoblastic leukemia; WBC, white blood cell.

aspirated and transferred to a clean polypropylene tube and
stored at —80 °C until analysis.

Sample preparation

Pooled serum samples were generated by combining equal
volumes of the 20 individual serum samples from each group
(n=20). Serum samples (100 pL) from each group were thawed
on ice and centrifuged at 10,000 rpm for 5 min at 4 °C. The
high-abundance proteins of each serum pool were depleted
using a Human 14 MARS according to the manufacturer’s
instructions. The low-abundance components from the deple-
tion column were concentrated and desalted using an
Amicon® Ultra-0.5 mL. The protein concentration in each
sample was quantified using a Bradford Protein Assay Kit
(Bio-Rad, Richmond, CA). The protein normalization was
confirmed by 12% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE).

iTRAQ labeling

A total of 100 pg of each protein sample was denatured,
reduced, blocked on cysteine, alkylated, and subsequently
digested with trypsin overnight at 37 °C. According to the
iTRAQ reagent-8 plex Kit protocol from the manufacturer,

the tryptic peptide solution of each sample was labeled with
iTRAQ reagents as follows: control group with iTRAQ
reagent 113; B-ALL group with iTRAQ reagent 114; and
T-ALL group with iTRAQ reagent 115. Subsequently, the
iTRAQ-labeled peptides were mixed and desalted using
a Sep-Pak Vac C18 cartridge and vacuum-dried.

Two-dimensional LC-MS/MS

The mixed peptides were fractionated by strong cation
exchange (SCX) chromatography on an ultra-performance
liquid chromatography (UPLC) system with a reverse phase
BEH C18 column (50x2.1 mm, 1.7 pm, 300 A). A linear
gradient was applied at a flow rate of 200 pl/min using two
mobile phases (solvent A: 10 mM ammonium formate, 99.9%
(v/v) ddH20, pH 10; solvent B: 10 mM ammonium formate,
99.9% (v/v) acetonitrile, pH 10) beginning with 5% solvent
B and increasing to 30% over a 30-min period). The absor-
bance was detected at 214 nm and fractions were collected
every 0.5 min. Finally, these samples were combined into 24
fractions based on the quantity of peptide and then desalted on
C18 cartridges. Each fraction was dried in a vacuum centrifuge
and reconstituted with buffer A (5% acetonitrile, 0.1% formic
acid, pH 2.7). The fractions were separated by nano-HPLC on
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a secondary reversed-phase analytical column (C18 column,
150 mm %75 pm, 3 pum, 300 A). The peptides were subse-
quently eluted in a gradient of buffer B (99.9% acetonitrile
with 0.1% formic acid, pH 2.7) increasing from 5% to 35% at
a total flow rate of 300 nL/min over 100 min. The components
were further subjected to MS and MS/MS analysis twice. MS
analysis of the iITRAQ-labeled samples was performed by ESI-
Q-TOF MS. The TOF-MS scan range was 350-1250 m/z and
the 20 most intense, multiply-charged ions were selected for
subsequent MS/MS analysis with a mass range of
100-1250 m/z. Precursor ions were excluded from reselection
for 30 s. The analysis was carried out with three technical
replications.

Data analysis

Protein identification and quantification were performed using
Mascot 2.3.02 (Matrix Science, London, UK) and Scaffold
(Proteome Software, Portland, OR, USA) software for iTRAQ
quantification. All data were searched against the international
Swiss-Prot human database (20111015, human). The para-
meters for the searches were as follows: quantification:
iTRAQ S8plex (Applied Biosystems iTRQA™ 8-plex);
enzyme: trypsin; fixed modification: Methylthio (C),
iTRAQB8plex (K) and iTRAQS8plex (N-term); variable modifi-
cations: oxidation (M) and iTRAQS8plex (Y); peptide toler-
ance: 25 ppm; fragment tolerance: 0.1 Da; MS/MS tolerance:
0.05 Da; max missed cleavages: 2. In this study, a false dis-
covery rate (FDR) below 1% was used to control protein level
identification based on the target-decoy strategy. Proteins with
at least one unique peptide with a confidence level above 95%
were used for quantitation. Student’s #-tests were used to
compare protein expression levels between the B-ALL and
control groups, T-ALL and control groups, and T-ALL and
B-ALL groups. The mean value of the ratio of each group was
used to calculate the fold-change. The relative protein levels
were determined based on the ratio of the reporter ions of the
peptides as previously described.'' Proteins with a fold-change
above 1.2 or below 0.8 with Student’s #-test P-values<0.05
were selected as differently-expressed proteins (DEPs).'* After
identification and quantification, the data were exported into an
Excel file format for further screening analysis.

Bioinformatics analyses of DEPs

The significant DEPs that differentiated the two groups of
samples were further assessed using Ingenuity Pathway
Analysis software (IPA) (version 7.1, Ingenuity System Inc.,
Redwood City, CA, USA; www.ingenuity.com) to statistically
determine the biological functions, predominant canonical

pathways, and interaction networks associated with these pro-
teins. Significance levels were assessed by Fisher’s exact tests
(P<0.05).

ELISA validation

Of these DEPs among healthy control, B-ALL, and T-ALL
groups, S100A8, LRG1, SPARC and sL-selectin were cho-
sen for verification of differential expression using ELISA.
These proteins were selected on the basis of their significant
roles in development, tumorigenesis and cancer progression
per published reports.'*>'® The DEPs were quantified in the
healthy controls (N=24), newly diagnosed B-ALL (N=24)
patient, and T-ALL patient (N=24) samples. Human ELISA
kits for leucine-rich alpha-2-glycoprotein-1 (LRG1), protein
S100-A8 (S100A8), secreted protein acidic and rich in
cysteine (SPARC), and serum-soluble L-selectin (sL-
selectin) were used. ELISA assays were performed according
to the manufacturer’s protocols and samples were run in
duplicate. The absorbance of the standards and samples
were determined by spectrophotometry at 450 nm using
a microplate reader. The results were plotted against the
linear portion of a standard curve.

Statistical analysis

The data are presented as means + standard deviation.
Statistical comparisons among the three experimental groups
were performed using one-way analysis of variance
(ANOVA) and unpaired Student’s #-tests. Statistical analyses
were performed using IBM SPSS Statistics for Windows,
version 20.0 (Armonk, NY, USA) and two-tailed
P-values<0.05 were considered statistically significant.

Results
iTRAQ quantitation of DEPs

In order to explore the potential serum biomarkers of pediatric
T-ALL, an iTRAQ-based proteomic method was performed to
detect DEPs among three comparative groups (B-ALL: con-
trol, T-ALL: control, and T-ALL: B-ALL). After merging data
from the three replicates, a total of 534 nonredundant proteins
containing at least one peptide were identified. Proteins with
relative abundances with greater than 1.2-fold change were
defined as significantly changed. Moreover, a total of 534, 534,
and 468 proteins were quantified in the B-ALL: control,
T-ALL: control, and T-ALL: B-ALL comparisons, respec-
tively. Further analysis identified 81 (up-regulated: 20, down-
regulated: 61), 85 (up-regulated: 43, down-regulated: 42), and
38 (up-regulated: 31, down-regulated: 7) DEPs in the B-ALL:

submit your manuscript

7050

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Yu et al

Table 2 The quantity of differentially expressed proteins identified in experiments

Sample pairs Quantified Up-regulated Down-regulated Total difference
B-ALL: Control 534 20 6l 8l
T-ALL: Control 534 43 42 85
T-ALL: B-ALL 468 31 7 38

control, T-ALL: control, and T-ALL: B-ALL comparisons,
respectively (Table 2). Venn diagrams were produced to sum-
marize the distributions and numbers of DEPs (Figure 1 ).
Additionally, the details of all DEPs (changes >1.2-fold,
<0.8, and P<0.05) among the three different groups are
shown in Table 3. That the number of down-regulated proteins
was significantly higher than that of up-regulated proteins in
the B-ALL: control comparison. In T-ALL: control, the num-
bers of up-regulated and down-regulated proteins were similar.
Among DEPs, B-ALL and T-ALL shared 11 up-regulated and
30 down-regulated proteins. In addition, one protein, apolipo-
protein C-II, was up-regulated in B-ALL but was down-
regulated in T-ALL, while the expressions of three proteins
(hemoglobin subunit beta, ubiquitin-conjugating enzyme E2
variant 2, and calmodulin) were up-regulated in T-ALL but
were down-regulated in B-ALL (Table 3). Moreover, 36 and
40 DEPs were specifically involved in B-ALL and T-ALL,
respectively. Compared to B-ALL, the most drastically up-
regulated proteins in T-ALL were heterogeneous nuclear

T-ALL vs. B-ALL

11

28 34 28

B-ALL vs. Control T-ALL vs. Control

Figure | Venn diagram representing the serum significantly altered proteins among
pediatric B-ALL, T-ALL and Control group. A total of 81,85 and 38 DEPs were
identified in B-ALL vs control, T-ALL vs control, and T-ALL vs B-ALL, respectively.

ribonucleoprotein K (HNRNPK) and sL-selectin, with ratios
of 4.45 and 3.81, respectively.

Bioinformatics analysis of DEPs

To better understand these DEPs, we used IPA. The sig-
nificant DEPs (shown in Table 2) were imported into the
IPA software. The biological functions, canonical path-
ways, and interacting networks were constructed based
on underlying biological evidence from the literature data-
base. Based on the DEPs of B-ALL and T-ALL groups
versus the control group, the functional analysis showed
that DEPs between T-ALL and control or between B-ALL
and control shared similar results, indicating that these
DEPs were significantly related to cell-to-cell signaling
and interaction, tissue development, cellular movement,
immune cell trafficking, cardiovascular disease, and hema-
tological system development and function (Figure 2A
and B). As shown in Figure 2C, the five top categories
of DEP biological functions between T-ALL and B-ALL
were cardiovascular disease, lipid metabolism, molecular
transport, small molecule biochemistry, and protein synth-
esis. IPA canonical pathways analysis identified several
pathways, which were ranked in term of the DEP enrich-
ment. Canonical pathways were considered significantly
perturbed for P<0.05, which corresponded to -log
(P-value)>1.3 by IPA. The top 10 enriched canonical path-
ways are shown in Figure 3. Many significantly changed
signaling pathways were enriched in two sets of compar-
isons (B-ALL: control and T-ALL: control), including
acute phase response signaling, LXR/RXR activation,
atherosclerosis signaling, and coagulation system, suggest-
ing that these pathways may be closely related to the
development of pediatric ALL. These results indicated
that the development of ALL is a complex process regu-
lated by various signaling pathways.

IPA analysis showed that, compared to the control group,
the DEPs in B-ALL were mainly involved in acute phase
response signaling, LXR/RXR activation, the coagulation
system, the intrinsic prothrombin activation pathway, and
atherosclerosis signaling (Figure 3A). In T-ALL, the most
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Table 3 Significant differentially expressed proteins identified by iTRAQ coupled with 2DLC-MS/MS

Accession Number | Protein Name Gene Average Ratio
Name

B-ALL: T-ALL: T-ALL:

Con Con B-ALL
ACTNI_HUMAN Alpha-actinin-| ACTNI 7.57 - -
LDHA_HUMAN L-lactate dehydrogenase A chain LDHA 2.83 2.28 -
FINC_HUMAN Fibronectin FNI 2.33 2.83 -
A2GL_HUMAN Leucine-rich alpha-2-glycoprotein LRGI 2.20 1.8 -
LDHB_HUMAN L-lactate dehydrogenase B chain LDHB 2.11 - -
CO3_HUMAN Complement C3 C3 2.00 2.21 -
PVRLI_HUMAN Poliovirus receptor-related protein | PVRLI 2.00 - -
CD44_HUMAN CD44 antigen CD44 1.95 1.32 0.67
VCAMI_HUMAN Vascular cell adhesion protein | VCAMI 1.95 - -
AACT_HUMAN Alpha-|-antichymotrypsin SERPINA3 | 1.90 1.55 -
1BO7_HUMAN (+1) HLA class | histocompatibility antigen, B-7 alpha chain HLA-B 1.75 - -
ITIH3_HUMAN Inter-alpha-trypsin inhibitor heavy chain H3 ITIH3 1.72 1.22 0.71
CERU_HUMAN Ceruloplasmin CpP 1.67 1.22 -
SI0A8_HUMAN Protein S100-A8 SI100A8 1.63 2.58 -
APOC2_HUMAN Apolipoprotein C-I APOC2 1.60 0.45 0.28
APOA2_HUMAN Apolipoprotein A-ll APOA2 1.53 3.82 25
APOC3_HUMAN Apolipoprotein C-llI APOC3 1.52 - 0.44
CSFIR_HUMAN Macrophage colony-stimulating factor | receptor CSFIR 1.38 1.42 -
CFAB_HUMAN Complement factor B CFB 1.33 - 0.75
ANGT_HUMAN Angiotensinogen AGT 1.28 - -
PLMN_HUMAN Plasminogen PLG 0.78 - -
COLII_HUMAN Collectin-1 | COLECII | 0.78 - -
HEP2_HUMAN Heparin cofactor 2 SERPINDI | 0.75 - -
THBG_HUMAN Thyroxine-binding globulin SERPINA7 | 0.75 0.65 -
PRDX2_HUMAN Peroxiredoxin-2 PRDX2 0.75 - -
HBB_HUMAN Hemoglobin subunit beta HBB 0.75 2.1 28
TRFL_HUMAN Lactotransferrin LTF 0.75 - -
RARR2_HUMAN Retinoic acid receptor responder protein 2 RARRES2 | 0.75 - -
ANAG_HUMAN Alpha-N-acetylglucosaminidase NAGLU 0.75 - -
CLUS_HUMAN Clusterin CLu 0.74 - -
FIBA_HUMAN Fibrinogen alpha chain FGA 0.74 - -
SODE_HUMAN Extracellular superoxide dismutase [Cu-Zn] SOD3 0.73 - -
VTDB_HUMAN Vitamin D-binding protein GC 0.72 0.67 -
ITIH2_HUMAN Inter-alpha-trypsin inhibitor heavy chain H2 ITIH2 0.72 0.78 -
KAIN_HUMAN Kallistatin SERPINA4 | 0.72 - -
ATRN_HUMAN Attractin ATRN 0.68 - -
THRB_HUMAN Prothrombin F2 0.67 0.78 -
HRG_HUMAN Histidine-rich glycoprotein HRG 0.67 0.72 -
TETN_HUMAN Tetranectin CLEC3B 0.67 0.67 -
CHLE_HUMAN Cholinesterase BCHE 0.67 - -
AFAM_HUMAN Afamin AFM 0.65 0.75 -
HGFA_HUMAN Hepatocyte growth factor activator HGFAC 0.65 - -
HABP2_HUMAN Hyaluronan-binding protein 2 HABP2 0.65 0.65 -
LYSC_HUMAN Lysozyme C LYz 0.65 - -
PPBT_HUMAN Alkaline phosphatase, tissue-nonspecific isozyme ALPL 0.65 - 1.62
ADIPO_HUMAN Adiponectin ADIPOQ | 0.65 - -
TENX_HUMAN Tenascin-X TNXB 0.6l 0.78 -
FLNA_HUMAN Filamin-A FLNA 0.60 - 1.33

(Continued)
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Table 3 (Continued).
Accession Number | Protein Name Gene Average Ratio

Name
B-ALL: T-ALL: T-ALL:
Con Con B-ALL
PHLD_HUMAN Phosphatidylinositol-glycan-specific phospholipase D GPLDI 0.60 - -
LYVEI_HUMAN Lymphatic vessel endothelial hyaluronic acid receptor | LYVEI 0.60 0.6 -
FUCO_HUMAN Tissue alpha-L-fucosidase FUCAI 0.60 - -
FIBG_HUMAN Fibrinogen gamma chain FGG 0.56 0.56 -
PGRP2_HUMAN N-acetylmuramoyl-L-alanine amidase PGLYRP2 ([ 0.55 0.75 -
DHX9_HUMAN ATP-dependent RNA helicase A DHX9 0.55 0.65 -
KIT_HUMAN Mast/stem cell growth factor receptor Kit KIT 0.55 - -
UB2V2_HUMAN Ubiquitin-conjugating enzyme E2 variant 2 UBE2V2 0.55 1.45 2.64
CADHI_HUMAN Cadherin-1 CDHI 0.55 - -
CALM_HUMAN Calmodulin CALMI 0.55 1.32 242
FIBB_HUMAN Fibrinogen beta chain FGB 0.53 - -
TAGL2_HUMAN Transgelin-2 TAGLN2 0.50 - 1.89
FA12_HUMAN Coagulation factor XII Fl12 0.50 - 1.7
SEPPI_HUMAN Selenoprotein P SEPPI 0.50 - 1.6
TTHY_HUMAN Transthyretin TTR 0.50 0.65 -
SHBG_HUMAN Sex hormone-binding globulin SHBG 0.45 0.55 -
POSTN_HUMAN Periostin POSTN 0.45 0.5 -
TRMLI_HUMAN Trem-like transcript | protein TREMLI 0.45 0.6 -
LUM_HUMAN Lumican LUM 0.44 0.44 -
APOA4_HUMAN Apolipoprotein A-IV APOA4 0.41 0.45 -
COMP_HUMAN Cartilage oligomeric matrix protein COMP 0.41 0.5 -
MTPN_HUMAN Myotrophin MTPN 0.40 - -
TPM4_HUMAN Tropomyosin alpha-4 chain TPM4 0.36 0.77 2.13
TYB4_HUMAN Thymosin beta-4 TMSB4X 0.35 0.65 -
GPIBA_HUMAN Platelet glycoprotein Ib alpha chain GPIBA 0.35 0.55 -
SPRC_HUMAN SPARC SPARC 0.35 0.5 -
GPV_HUMAN Platelet glycoprotein V GP5 0.35 0.75 2.14
LEGI_HUMAN Galectin-| LGALSI 0.35 - 271
TSPI_HUMAN Thrombospondin-| THBSI 0.30 0.55 1.83
PI16_HUMAN Peptidase inhibitor 16 PIl6 0.23 0.23 -
CXCL7_HUMAN Platelet basic protein PPBP 0.18 0.41 2.25
COIAI_HUMAN Collagen alpha-I(l) chain COLIAI 0.18 0.18 -
PLF4_HUMAN Platelet factor 4 PF4 0.15 0.25 -
APOH_HUMAN Beta-2-glycoprotein | APOH - 0.74 -
ZA2G_HUMAN Zinc-alpha-2-glycoprotein AZGPI - 1.23 -
APOE_HUMAN Apolipoprotein E APOE - 0.71 -
PLSL_HUMAN Plastin-2 LCPI - 2.19 -
ICI_HUMAN Plasma protease CI inhibitor SERPINGI | - 0.72 -
VWF_HUMAN von Willebrand factor VWEF - 2.36 -
PERM_HUMAN Myeloperoxidase MPO - 1.65 -
PPIA_HUMAN Peptidyl-prolyl cis-trans isomerase A PPIA - 2.05 2.28
CADHS5_HUMAN Cadherin-5 CDH5 - 0.75 -
PONI_HUMAN Serum paraoxonase/arylesterase | PONI - 3.35 3
PROFI_HUMAN Profilin-1 PFNI - 1.53 1.86
LYAMI_HUMAN L-selectin SELL - 3.05 3.8l
SAAI_HUMAN Serum amyloid A-1 protein SAAI - 1.59 -
SAMP_HUMAN Serum amyloid P-component APCS - 1.5 -
APOCI_HUMAN Apolipoprotein C-I APOCI - 0.55 0.69
(Continued)
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Table 3 (Continued).

Accession Number | Protein Name Gene Average Ratio
Name

B-ALL: T-ALL: T-ALL:

Con Con B-ALL
FBLNI_HUMAN Fibulin-1 FBLNI - 0.73 -
PLTP_HUMAN Phospholipid transfer protein PLTP - 1.47 2
1433Z_HUMAN 14-3-3 protein zeta/delta YWHAZ - 6.75 -
VIME_HUMAN Vimentin VIM - 4 -
UBRI_HUMAN E3 ubiquitin-protein ligase UBRI UBRI - 1.3 1.44
CAHI_HUMAN Carbonic anhydrase | CAl - 1.61 1.61
MBL2_HUMAN Mannose-binding protein C MBL2 - 0.65 -
SODC_HUMAN Superoxide dismutase [Cu-Zn] SODI - 1.25 -
SRCRM_HUMAN Scavenger receptor cysteine-rich domain-containing protein SCART | - 0.75 -
ACTS_HUMAN Actin, alpha skeletal muscle ACTAI - 2.32 -
TALDO_HUMAN Transaldolase TALDOI - 2.17 -
SAA4_HUMAN Serum amyloid A-4 protein SAA4 - 1.55 -
ALDOB_HUMAN Fructose-bisphosphate aldolase B ALDOB - 0.75 -
HEGI_HUMAN Protein HEG homolog | HEGI - 1.89 -
HBA_HUMAN Hemoglobin subunit alpha HBAI - 1.4 -
COTLI_HUMAN Coactosin-like protein COTLI - 1.34 229
STMNI_HUMAN Stathmin STMNI - 82.71 -
ICAM2_HUMAN Intercellular adhesion molecule 2 ICAM2 - 1.59 -
HNRPK_HUMAN Heterogeneous nuclear ribonucleoprotein K HNRNPK | - 4.94 4.45
GDIR2_HUMAN Rho GDP-dissociation inhibitor 2 ARHGDIB | - 235 336
PEBPI_HUMAN Phosphatidylethanolamine-binding protein | PEBPI - 1.7 1.7
TARSH_HUMAN Target of Nesh-SH3 ABI3BP - 0.78 -
MTG2_HUMAN Mitochondrial ribosome-associated GTPase 2 MTG2 - 0.75 -
PSA1_HUMAN Proteasome subunit alpha type-| PSMAI - 1.95 -
SH3LI_HUMAN SH3 domain-binding glutamic acid-rich-like protein SH3BGRL | - 3.6 -
CO4B_HUMAN Complement C4-B C4B - - 1.29
ALBU_HUMAN Serum albumin ALB - - 1.47
CBG_HUMAN Corticosteroid-binding globulin SERPINAG | - - 1.29
GPX3_HUMAN Glutathione peroxidase 3 GPX3 - - 1.29
TLNI_HUMAN Talin-1 TLNI - - 1.25
APOF_HUMAN Apolipoprotein F APOF - - 0.72
CIQC_HUMAN Complement Clq subcomponent subunit C CiQcC - - 1.63

representative pathways were acute phase response signal-
ing, LXR/RXR activation, atherosclerosis signaling, cla-
thrin-mediated endocytosis signaling, and production of
nitric oxide and reactive oxygen species in macrophages
(Figure 3B).

The top five significant canonical pathways in the
comparison of T-ALL and B-ALL were LXR/RXR activa-
tion, atherosclerosis signaling, IL-12 signaling and produc-
tion in macrophages, production of nitric oxide and
reactive oxygen species in macrophages, and clathrin-
mediated endocytosis signaling (Figure 3C).

To better understand these DEPs, the data were further
subjected to network analysis to determine how the DEPs

were interconnected in the development of pediatric ALL.
Hypothetical networks were constructed among the experi-
mental and IPA database proteins. The two top networks
obtained in B-ALL compared to the healthy controls were
related to 1) cellular movement/hematological system devel-
opment and function/immune cell trafficking, with a score of
43 and containing 21 target molecules, including seven up-
regulated and 14 down-regulated proteins; and 2) hematolo-
gical system development and function/organismal func-
tions/tissue development, with a score of 35 and a network
containing on 19 molecules, including five up-regulated and
14 down-regulated proteins (Figure 4A and B).The two most
representative networks in T-ALL compared to the healthy
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Figure 3 The top 10 canonical pathways of DEPs identified by IPA. The threshold line indicates significance threshold.Scores above the orange line are statistically significant

(P<0.05). (A) B-ALL versus control group (B) T-ALL versus control group (C) T-ALL versus B-ALL group.
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lipid metabolism/molecular transport/small molecule biochemistry; (E) Network E are related with: lipid metabolism/molecular transport/small molecular biochemistry; (F)
Network F are involved in: cellular movement/hematological system development and function/immune cell trafficking. Red symbols represent upregulated proteins, while

green symbols represent downregulated proteins, and the proteins existed in the network but not identified in our analysis are depicted in white. The color intensity
corresponds to the degree of significance. Solid lines indicate direct interactions and dashed lines indicate indirect interactions.
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controls were involved in: 1) cell-to-cell signaling and inter-
action/hematological system development and function/
inflammatory response, with a score of 34 and a network
of 18 polypeptides, including five upregulated and 13 down-
regulated proteins; and 2) lipid metabolism/molecular trans-
port/small molecule biochemistry. In this case, the score was
34 and the network comprised 17 molecules, including 10
upregulated and seven downregulated proteins (Figure 4C
and D). Finally, the DEPs between T-ALL and B-ALL
played roles in 1) lipid metabolism/molecular transport/
small molecular biochemistry, with a score of 34 and 15
proteins, including nine upregulated and six downregulated
proteins (Figure 4E); and 2) cellular movement/hematologi-
cal system development and function/immune cell traffick-
ing. This network had a score of 24 and contained 11
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polypeptides, including 10 upregulated and one downregu-
lated protein (Figure 4E and F). Overall, these results show
that our quantitative proteomics approach is suitable for
examining overall molecular profile changes in pediatric
T-ALL and provides further insight into potential molecular
mechanisms.

DEP verification by ELISA

Several iTRAQ-identified DEPs, including sL-selectin
/CD62L, S100A8, LRG1, and SPARC were selected for
validation by ELISA (Figure 5). The results showed that
the expression levels of SI00A8 and LRG1 were signifi-
cantly up-regulated in B- and T-ALL compared to those in
the control group, while SPARC was down-regulated. The
expression of sL-Selectin was up-regulated in T-ALL
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Figure 5 ELISA validation of serum proteins levels in different experimental groups. Serum levels of SI00A8 (A), LRG| (B), SPARC (C), and in pediatric B-ALL patients,
T-ALL patients and healthy controls; and serum levels of sL-selectin (D) in B-ALL and T-ALL patients. Data are presented as mean+SE. P<0.05, compared with the

corresponding controls, respectively.
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compared to that in the B-ALL group. These results were
consistent with the protein expression levels observed in
the iTRAQ approach, implying the reliability of the pro-
teomics analysis.

Area under the receiver operating
characteristic (ROC) curves and DEPs

performance

The areas under the curve (AUCs) of the ROC curves were
calculated as a measure of the discriminative power. We
further generated the ROC curves of the DEPs confirmed by
ELISA. Our results showed unsatisfactory ROC curves of sL-
selectin, LRG1, and SPARC (data not shown), which may be
attributed to the limited sample size. However, the test for
S100A8 was informative (Figure 6), with an AUC of 0.792
(95% confidence interval [CI]: 0.683-0.902). The AUCs,
which quantify the overall ability to discriminate ALL from
the control, were significantly greater than 0.5, suggesting the
usefulness of SI00A8 markers for the stratification and diag-
nosis of ALL. A cutoff of 20.81 ng/mL for SI00A8 showed
good performance for ALL, with a sensitivity of 65.91% and
specificity of 86.36%. However, these results require valida-
tion in a larger patient cohort.

Discussion

T-ALL is an aggressive hematologic malignancy arising
from early T-cell progenitors that accounts for approximately
15% of childhood ALL."*'* Despite significant improve-
ments in intensive combination chemotherapy and hemato-
poietic stem cell transplantation in recent decades, pediatric
T-ALL patients show a dismal outcome compared to that in
patients with B-ALL, with 25-30% of cases not able to
thus,
relapse.'>'® Moreover, childhood T-ALL survivors are at

achieve complete remission and, experiencing
an increased risk of developing long-term adverse health
outcomes, including secondary malignancies due to the use
of genotoxic drugs.”' In contrast to B-ALL, the prognostic
relevance of blast karyotype has not been well established for
pediatric T-ALL and has limited impact on treatment
approaches.®’ Thus, the systematic investigation of the
mechanisms of pediatric T-ALL and identification of prog-
nostic biomarkers of pediatric T-ALL will be helpful for
clinical diagnosis and therapy.

Proteome analysis can provide valuable information on
multiple proteins involved in oncogenesis and cancer pro-
gression and identify additional diagnostic and prognostic
biomarkers.”? To our knowledge, this is the first study to

ROC curve of S100A8
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Figure 6 Area under the ROC curve of SI00A8 for pediatric ALL.
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apply serum proteomic analyses with iTRAQ-2D LC-MS
/MS to identify serum proteins that were differentially
expressed between pediatric T-ALL and B-ALL patients.
In the present study, the identified DEPs in the two types
of pediatric ALL differed significantly, with 36 and 40
DEPs specifically linked to B-ALL and T-ALL compared
to those in the control group, respectively. Furthermore,
we detected 38 DEPs in the T-ALL: B-ALL comparison.
The proteomic profiles indicated that there were biological
differences between T-ALL and B-ALL, which were
further confirmed by bioinformatics analyses. Finally,
four proteins, SI00A8, LRG1, SPARC, and sL-selectin,
were validated by ELISA.

Using the IPA software, we determined that the biolo-
gical functions of the DEPs in the T-ALL: B-ALL com-
parison were all related to essential tumorigenesis
processes, including lipid metabolism, molecular transport,
small molecule biochemistry, and protein synthesis.
Malignant cells appear to metabolize lipids differently
from normal mature cells, and lipids can exert significant
immunoregulatory effects. In addition, lipid metabolism
also affects tumor progression.'” Apolipoprotein A2
(APOA?2) is preferentially expressed and is a prognostic
indicator in prostate cancer, hepatocellular carcinoma, and
breast cancer and many reports suggest a relationship
between leukemia susceptibility and proteins involved in
lipid metabolism, including APOA2.'™' In our study,
APOA2 was also significantly up-regulated in T-ALL
compared to the level in B-ALL sera, suggesting that
lipid metabolism may be disordered in T-ALL patients.
APOA2 appears to play a role in leukemogenesis in
T-ALL; however, the pathophysiological mechanisms
resulting in serum lipid alterations in ALL have not been
fully elucidated. Further studies are still needed to clarify
the role of APOA2 in ALL.

The IPA showed that multiple pathways were involved
in B-ALL and T-ALL compared to the unaffected control,
with the most prominently affected pathways being the
acute phase response signaling and LXR/RXR activation
pathway. The top pathways included Liver X Receptors/
Retinoid X Receptors (LXR/RXR) activation in T-ALL:
B-ALL, which functions in cholesterol transport, lipid and
glucose metabolism, and the modulation of inflammatory
responses, which are essential biological processes for
tumor development.”® In T-ALL patients, DEPs may pro-
mote leukemogenesis by taking part in these signaling
pathways directly or indirectly. Deregulation of lipid meta-
bolism has increasingly been recognized as a feature of

cancer cells.?! There is now accumulating evidence to
support the involvement of LXRs in a wvariety of
malignancies.’’ A recent study has demonstrated that cho-
lesterol homeostasis can be normalized by treatment with
LXR agonists which can trigger apoptosis in blastic plas-
macytoid dendritic cell neoplasm.*?

The most interesting finding of this study is that four
DEPs, namely S100A8, LRG1, SPARC and sL-Selectin,
identified through our serum comparative proteomics and
validation approach can be considered candidate biomarker
proteins for pediatric T-ALL. It is important to note that
S100A8 and LRG1 were up-regulated, while SPARC were
down-regulated in B- and T-ALL vs control. In addition, the
most promising biomarkers to differentiate T-ALL from
B-ALL was sL-selectin, which showed significantly higher
in T-ALL than B-ALL. Expression profiles of these proteins
and assessment of their changes will provide useful infor-
mation for the diagnosis of pediatric T-ALL.

S100AS8, usually forming a heterodimer S100A8/A9
with S100A9, is highly expressed in neutrophils and
plays important roles in multiple stages of tumor cell
proliferation, migration, invasion, and apoptosis.*’
Recent clinical and experimental data have indicated that
S100AS8 is up-regulated in various human cancers, such as
lung, gastric, breast, prostatic, colon, skin, and ovarian
cancer, and is closely associated with cancer development,
progression, invasion, metastasis, and prognosis.?*2® In
hematological malignancies, SI00A8 and S100A9 are
highly expressed in acute myeloid leukemia (AML) and
S100A8 expression has been linked to poor prognosis in
de novo AML.?” Spijkers-Hagelstein et al reported that
elevated S100A8/S100A9 expression causes glucocorti-
coid in MLL-rearranged ALL.%®
Similarly, our study showed that SI00A8 is involved in

the development of chemoresistance in leukemia cells by

resistance infant

regulating autophagy.”” In addition, mesenchymal
S100A8/S100A9 predicts leukemic evolution and disease
outcome in human MDS.** However, a recent study indi-
cated that ST00A8 and S100A9 were regulators of myeloid
differentiation in leukemia and have therapeutic potential
in myelomonocytic and monocytic AMLs.>' S100A8 may
be used as a typical or atypical marker to diagnose dis-
eases or predict disease progression.

LRGT1 is involved in cell adhesion and development,
protein-protein interaction, and signal transduction. Recent
evidence has suggested that LRG1 may promote disorga-
nized pathological rather than developmental/physiologi-

cal angiogenesis by modulating endothelial TGF-
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signaling.*> LRG1 may also be a biomarker for various
types of cancer, including colorectal, lung and breast
cancers.” ™ In leukemia research, a previous study sug-
gested that serum LRG1 was upregulated in B-ALL, con-
sistent with our findings.>* In our study, upregulated serum
LRG1 was also observed in T-ALL. Our results suggested
that LRG1 may be a potentially promising biomarker and
therapeutic target in ALL.

SPARC is a multi-faceted matricellular protein secreted
by many types of cancer and tumor-associated stromal
cells and is believed to regulate tumor cell growth and
metastasis.”> However, SPARC is differentially expressed
in various tumors and its patterns of expression vary
depending on the cancer type. In certain types of cancers,
such as breast, lung and pancreatic cancers, higher levels
of SPARC expression are associated with highly aggres-
sive tumor phenotypes.*®>° In contrast, SPARC is down-
regulated in ovarian, neuroblastomas, and colorectal
cancers and shows an anti-tumor role in anti-
angiogenesis, anti-adipogenesis, pro-apoptosis, and inhibi-
tion of cell proliferation.>”*® In the field of hematopoietic
research, SPARC is part of the commonly deleted region
of the 5q myelodysplastic syndrome and is deregulated in
other hematologic malignancies.***” In leukemic contexts,
SPARC may exert opposing effects depending on the
leukemia type.*! Indeed, high SPARC expression is asso-
ciated with adverse outcomes in cytogenetically normal
acute myeloid leukemia (AML).** Similarly, divergent
roles for SPARC have been proposed in lymphoid malig-
nancies, where the absence of stromal SPARC predicts
a poor prognosis in diffuse large B-cell lymphoma, while
its leukemia-specific upregulation is a recurrent event in
relapsed pediatric B-ALL.****® In our study, serum SPARC
expression at diagnosis was down-regulated in pediatric T-
and B-ALL. A previous study also showed that SPARC
deficiency promoted CD5 (+) B—cell lymphomagenesis
and was correlated with chronic lymphocytic leukemia
(CLL)

a significant down-regulation of SPARC in T-cell non-

in humans** A recent study demonstrated
Hodgkin lymphoma (T-NHL) samples and cell lines
owing to DNA methylation, while low SPARC levels
were associated with a poor prognosis in T-NHL patients.
Furthermore, SPARC functions as a tumor suppressor gene
in T-NHL.*> In chronic myelogenous leukemia (CML)
cells, endogenous SPARC levels are reduced but imatinib
mesylate treatment induced increased production of exo-
genous SPARC by normal cells. This exogenous SPARC
may inhibit CML cell proliferation and synergize with

tyrosine kinase inhibitors (TKIs) by inhibiting cell cycle
progression from G1 to S phase.*® A recent study sug-
gested that the loss of SPARC protects hematopoietic stem
cells from the toxic effects of serial 5-FU chemotherapy
treatment.*’

L-selectin or CD62L, a cell adhesion molecule with
a primary function of directing leukocyte migration and
lymphocyte homing to lymph nodes, is expressed on most
normal leukocytes and is also detectable on blast cells in
ALL and AML.*** Monitoring of sL-selectin concentra-
tion may be useful for evaluating leukemia activity in ALL
patients as its concentration likely reflects the total mass of
leukemic cells and its synthesis may be upregulated by blast
cells.>® In acute leukemia, the plasma sL-selectin concen-
tration is elevated but lower in patients with CR, with
increased levels observed during leukemia relapse.’®!
High plasma sL-selectin levels were detectable in patients
with AML and correlated with disease activity and poor
prognosis. Patients with extramedullary disease had higher
levels of sL-selectin than those in patients without extra-
medullary disease.”’ A recent clinical study demonstrated
that high expression of CD62L in T cells and low sCD62L
plasma levels at diagnosis were strong markers predicting
deep molecular response to TKI therapy in early chronic-
phase CML.> Another study also suggested that sL-selectin
in cerebrospinal fluid is a good diagnostic tool for the
detection of central nervous system involvement in children
with ALL.> In our study, sL-selectin expression was mark-
edly higher in pediatric T-ALL than that in B-ALL, which
may be related to earlier central nervous system infiltration.

Since serological ELISAs are relatively simple, inexpen-
sive, and minimally invasive to perform in children, serum
S100A8, LRGI1, SPARC, and sL-selectin may comprise
a potential biomarker panel for distinguishing pediatric
T-ALL from B-ALL. Furthermore, sL-selectin level might
be a powerful indicator of leukemia activity in T-ALL and
useful for early diagnosis of relapse or meningeal infiltra-
tion in T-ALL. As this was a single-center study and the
sample size was relatively small, further validation using
a larger series of children with ALL is needed. Additional
studies are also necessary to define the potential role of sL-
selectin in the risk stratification of T-ALL.

Conclusion

In summary, iTRAQ-based two-dimensional LC-MS/MS
serum profiling led to the identification of several DEPs in
ALL. The potential biomarkers for early diagnosis of
childhood T-ALL or B-ALL included serum S100AS,
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LRGI, SPARC, and sL-selectin. These potential biomar-
kers may improve the pre-diagnosis of T-ALL or B-ALL,
which are currently difficult to diagnose in early stages.
Compared to that in B-ALL, sL-selectin was present at
a higher level in T-ALL and may, therefore, be a sensitive
and specific biomarker for the diagnosis and prognosis of
T-ALL and may also be a potential therapeutic target.
Further clinical studies using a larger cohort are necessary
to determine whether serums levels of S100A8, LRGI,
SPARC, and sL-selectin are associated with the develop-
ment of acute symptoms or survival in patients with ALL.
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