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Background and Aims. Acute lymphoblastic leukemia (ALL) is the most common child-
hood cancer worldwide. Mexican patients have high mortality rates, low frequency of
good prognosis biomarkers (i.e., ETV6-RUNX1) and a high proportion is classified at
the time of diagnosis with a high risk to relapse according to clinical features. In addition,
very early relapses are more frequently observed than in other populations. The aim of the
study was to identify new potential biomarkers associated with very early relapse in
Mexican ALL children through transcriptome analysis.

Methods. Microarray gene expression profiling on bone marrow samples of 54 pediatric
ALL patients, collected at time of diagnosis and/or at relapse, was performed. Eleven pa-
tients presented relapse within the first 18 months after diagnosis. Affymetrix Human
Transcriptome Array 2.0 (HTA 2.0) was used to perform gene expression analysis.
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Annotation and functional enrichment analyses were carried out using Gene Ontology,
KEGG pathway analysis and Ingenuity Pathway Analysis tools.

Results. BLVRB, ZCCHC7, PAX5, EBF1, TMOD1 and BLNK were differentially ex-
pressed (fold-change O2.0 and p value !0.01) between relapsed and non-relapsed pa-
tients. Functional analysis of abnormally expressed genes revealed their important role
in cellular processes related to the development of hematological diseases, cancer, cell
death and survival and in cell-to-cell signaling interaction.

Conclusions. Our data support previous findings showing the relevance of PAX5, EBF1
and ZCCHC7 as potential biomarkers to identify a subgroup of ALL children in high risk
to relapse. � 2016 IMSS. Published by Elsevier Inc.

Key Words: Acute lymphoblastic leukemia, Gene expression profiling, Children, Very early relapse,
Biomarkers.

Introduction

Acute lymphoblastic leukemia (ALL) is the most common
childhood cancer worldwide (1). Mexico has one of the
highest ALL incidence rates reported (2) and it is one of
the few countries in which mortality has not been reduced
despite of using the same chemotherapy regimens than in
developed countries (3,4). In previous studies, we reported
that at the time of diagnosis, almost half of ALL Mexican
children are classified as having high risk of relapse accord-
ing to clinical criteria (5,6) and!20% are identified as pos-
itive for one of the four most common gene rearrangements
(ETV6-RUNX1, TCF3-PBX1, BCR-ABL1 and MLL rear-
rangements) associated with ALL prognosis (5). On the
other hand, in developed countries, only one third of pa-
tients are classified as having a high risk of relapse at the
time of diagnosis (7) and in 32% one of the four most com-
mon gene rearrangements mentioned above is detected (8).

Moreover, relapse is one of the main obstacles for
achieving better survival rates in our population. Relapses
occur in 26.2% of Mexican ALL pediatric patients (9). Note-
worthy, they frequently occur in patients of standard risk
group (55%) and very early during treatment (9), highlighting
the importance of improving current clinical and molecular
prognostic stratification in Mexican children with ALL.

Global gene expression profiling has been used in other
populations to identify new potential genetic biomarkers asso-
ciated with relapse in ALL pediatric patients (10e12). This
methodology has also revealed possiblemechanisms involved
in relapse (13,14). FLT3, XIAP, CCNB2, IKBKG, LIMS1,
TEGT, DEFA1-3, SH3, BP5, TOSO, survivin, TOP2A, cyclin
B1, etc. are some examples of genes that have been reported
as abnormally expressed in relapsed ALL (15e17). The aim
of this study was to perform a transcriptome analysis in very
early relapsed ALL children in order to identify new potential
biomarkers associated with this outcome in our population.

Materials and Methods

Patients

Mexican Inter-Institutional Group for the Identification of
Causes of Childhood Leukemia (MIGICCL) conducted a

multicenter cohort study of patients aged !17 years with
newly diagnosed ALL between August 1, 2014 and July
30, 2016 treated in Mexico City public hospitals. Diagnosis
of ALL was based on the morphologic and immunopheno-
typic features of leukemic cells. Bone marrow samples
(BMS) at the time of diagnostic confirmation and/or at
the time of very early relapse (VER) were gathered.

Clinical Data Collection

Information regarding gender, age at diagnosis, white blood
cell count (WBC), percentage of leukemic blasts in bone
marrow, immunophenotype, and dates of ALL diagnosis,
treatment initiation, last visit, death, and relapse was
collected from the patients’ clinical charts.

Risk classification at the time of diagnosis was based on
the National Cancer Institute (NCI) risk criteria. Patients be-
tween 1 and 10 years old and with a leukocyte count !50 �
109/L were classified as NCI standard-risk, whereas those
aged$10 years or with a leukocyte count$50� 109/L were
classified as NCI high-risk, as previously was described (6).

Very early bone marrow relapse was defined when a pa-
tient who reached first complete remission (CR) presented
$25% lymphoblasts in a bone marrow aspirate within the
first 18 months after diagnostic confirmation. Very early cen-
tral nervous system (CNS) relapse was characterized as the
presence of morphologically identified lymphoblasts on
smears of cerebrospinal fluid (CSF) cytocentrifuged prepara-
tions with a CSF mononuclear cell countO5/ml or as the ev-
idence of tumor infiltration in the CNS following the first CR
during the first 18 months after ALL diagnosis (18).

Approval by the National Scientific Research and Ethics
Committee was obtained with the number R-2013-785-068.
Written informed consent was obtained from the child’s par-
ents and assent was obtained from patients $8 years of age.

RNA Isolation and Gene Rearrangement Detection

White blood cells from bone marrow were treated with
TRizol reagent (Invitrogen Life Technologies) and stored
at �80�C. Total RNAwas extracted and purified using stan-
dard protocols. With a conventional RT-PCR, chimeric
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