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ABSTRACT
Childhood acute lymphoblastic leukemia (cALL) still represents a major cause of disease-related death in
children. This study aimed to explore the prognostic value of long non-coding RNAs (lncRNAs) in cALL. We
downloaded lncRNA expression profiles from the TARGET and GEO databases. Univariate, least absolute
shrinkage and selection operator (LASSO) and multivariate Cox regression analyses were applied to identify
lncRNA-based signatures. We identified an eight-lncRNA signature (LINC00630, HDAC2-AS2, LINC01278,
AL356599.1, AC114490.1, AL132639.3, FUT8.AS1, and TTC28.AS1), which separated the patients into two groups
with significantly different overall survival rates. A nomogram based on the signature, BCR ABL1 status and
white blood cell count at diagnosis was developed and showed good accuracy for predicting the 3-, 5- and 7year survival probability of cALL patients. The C-index values of the nomogram in the training and internal
validation set reached 0.8 (95% CI, 0.757 to 0.843) and 0.806 (95% CI, 0.728 to 0.884), respectively. The
nomogram proposed in this study objectively and accurately predicted the prognosis of cALL. In vitro
experiments suggested that LINC01278 promoted the proliferation of leukemic cells and inhibited leukemic cell
apoptosis by targeting the inhibition of miR-500b-3p in cALL, and LINC01278 may be a biological target for the
treatment of cALL in the future.

INTRODUCTION
Acute leukemia is the most common childhood
malignant tumor. And there would be one patient in
every three children who has it in the developed
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countries and nearly 50% in developing countries [1].
The commonest leukemia is subtype B-lineage
acute lymphoblastic leukemia (B-ALL) [2, 3]. The
survival rate of patients who have childhood acute
lymphoblastic leukemia (cALL) is good. However,
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relapse of children who have subsets of cALL is in in
high rate, especially for infants, and the cure rate is
not desired [4]. Therefore, better clinical and
biological prognosis stratification is mandatory before
treatment initiation.

B-ALL patients to create a nomogram with an 8lncRNA signature.

RESULTS
Preprocessing of the datasets

Long non-coding RNAs (lncRNAs) are RNAs with a
length of more than 200 nucleotides [5]. Although
lncRNAs are not involved in protein-coding, there is
growing evidence that they take part in the biological
processes of cell proliferation, apoptosis and
differentiation [6, 7]. Sufficient information indicates
that lncRNAs are involved in tumor progression and
the regulation of tumor biological behavior through
interaction with microRNAs (miRNAs) or messenger
RNAs (mRNAs) [8–11]. Many well-known lncRNAs
are treated as diagnostic or prognostic biomarkers for
ALL, such as ARIEL [12], IUR [13], CASC15 [14],
and BALR-6 [15]. TARGET is a dynamically updated
data improving base of (OCG), NCI's Office of
Cancer Genomics, whose goal is to promote
molecular understanding of cancer for the prognosis
of patients. cALL is a project in the TARGET plan,
including the first phase (B-ALL), the second phase
(B-ALL, T-ALL) and the third phase (ALL) sample.
The samples with complete clinical information in
phase II are used, which included 426 B-ALL
patients.
cALL is a complex disease composed of many
subtypes with unique somatic genetic changes,
including aneuploidy, chromosomal rearrangements,
and point mutations [16]. To date, growing evidence
has shown that lncRNAs are involved in many
pathophysiological processes in the progress of tumor
and are the link between genes and tumorigenesis [17,
18]. Fernando et al. [19] for the first time observed in
patients with cALL that the lncRNA BALR-2
correlates with overall survival (OS) and with
response to prednisone. The research team also
confirmed that the overexpressed lncRNA CASC15 in
RUNX1-rearranged cALL patients affects their
prognosis by upregulating the chromosomally
adjacent gene SOX4 [14]. In another study, GaritanoTrojaola et al. [20] found 43 abnormally expressed
lncRNAs by comparing the peripheral blood samples
of normal and cALL patients. Among them, LINCPINT was significantly downregulated in T and BALL, and tumor cell growth could be inhibited by
restoring its expression. These studies suggest that
lncRNAs might be used as diagnostic and prognostic
markers for cALL.
To identify lncRNA associated with prognosis and
guide clinical applications in cALL, we combined
RNA-seq data and clinical information from 426
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A matrix was downloaded from the TARGET
database. 532 participants in total with cALL had
lncRNA probe expression; after excluding 76
peripheral blood sources and 30 patients older than 15
years, 426 bone marrow-derived patients remained.
Patients with cALL in the TARGET cohorts (n=426)
were separated into training (n=300) and validation
(n=126) sets, and their clinical features are presented
in Table 1. The cohort from GSE34861 contains 194
ALL patients. After excluding 10 patients without
survival time or status, a total of 184 samples
remained. Matrix data were annotated based on
GENCODE (Release 29), and 19754 mRNAs and
14847 lncRNAs were obtained in the TARGET
cohort. After a two-step screening of probes and
deleting those with zero expression and those with a
standard deviation less than 1.2, we finally obtained
1280 lncRNAs and 4985 mRNAs.
Using 8-lncRNA markers to assess prognosis
A total of 1280 lncRNAs were applied to univariate
Cox analysis, and 165 lncRNAs with P < 0.01 were
filtered out and applied to subsequent analysis (Figure
1A). Then, 8 LncRNA (λ = 8) were screened out by
lasso regression analysis, and multivariate Cox
regression analysis was carried out on the 8 lncRNA
(Figure 1B, 1C). In the end, 8 lncRNAs for prediction
figured out: LINC00630, HDAC2-AS2, LINC01278,
AL356599.1, AC114490.1, AL132639.3, FUT8-AS1,
and TTC28-AS1. The signature score of these 8
lncRNAs was counted out according a formula:
signature score = (0.22636 × exp of LINC01278) (0.26743 × exp of LINC00630) - (0.21030 × exp of
HDAC2-AS2) - (0.20700 × exp of AL356599.1) +
(0.32054 × exp of AC114490.1) - (0.23411 × exp of
AL132639.3) - (0.29040 × exp of FUT8.AS1) (0.29665 × exp of TTC28.AS1). The cutoff point was
the median signature score, participants in the training
set were separated into a low-signature score group
and a high signature-score group (Figure 1D).
Participants with low-signature score were obviously
better OS than patients with high-signature scores
(Figure 1E). Also, ROC curve analysis compared
whether prediction for survival was accurate in the
8_lncRNA-based signature (Figure 1F). The AUC
values were assessed for 3-year (AUC = 0.860), 5year (AUC = 0.874), and 7-year (AUC=0.856)
survival.
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Table 1. The clinical information of patients in the training dataset, internal validation
dataset and entire validation dataset.
Characteristics
Age (y)
<10
≥10
Gender
Male
Female
Survival status
Alive
Dead
CNS Status
CNS1
CNS2
CNS3
BCR ABL1 Status
positive
negative
BMA Blasts Day 8
>20%
≤20%
BMA Blasts Day 29
>5%
≤5%
WBC (x103/mcL)
<100
100 to 200
200 to 300
>300
MRD of 29 days
≥1%
<1%
DNA Index
1 to 1.16
>1.16

Training dataset
target-ALL (n=300)

Validation dataset
target-ALL (n=126)

Validation dataset
target-ALL (n=426)

171
129

80
46

251
175

203
97

81
45

284
142

223
77

98
28

321
105

222
62
16

95
25
6

317
87
22

2
298

3
123

5
421

166
134

71
55

237
189

6
294

3
123

9
417

92
50
93
65

37
23
38
28

129
73
131
93

37
263

12
114

49
377

278
22

115
11

393
33

Abbreviations: WBC counts, WBC count at diagnosis; CNS Status, CNS status at diagnosis.

Construction of prognostic prediction nomogram
according the 8-lncRNA signature and clinical
characteristic
The prognostic variables were determined by univariate
Cox regression analysis, and the candidate variables
with P < 0.2 in univariate analysis were contained in
multivariate COX regression analysis. (Figure 2A).
Next, the multivariate Cox regression model screened
out the following prognostic predictors: BCR ABL1
status; white blood cell (WBC) count at diagnosis; and
signature score (Figure 2B). The nomogram is

www.aging-us.com

15550

established by using the regression coefficients of the
statistically significant variables in the multivariate Cox
regression model. (Figure 2C). Surprisingly, the Cindex of the nomogram reached 0.8 (95% CI, 0.757 to
0.843). The decision curve in training cohort showed
that suppose the threshold possible of a patient and a
doctor was >1% and <67%, respectively, the function
the mentioned nomogram to predict prognosis of cALL
would be more benefit than the scheme. It also indicated
that the clinical benefit rate of the model containing the
signature score was significantly higher than that
without it (Figure 2D).
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Furthermore, the predictive values in the calibration
curve were consistent with observed values when
thinking the probabilities of 3-year, 5-year, and 7-year
OS (Figure 3A). The AUC values for 3-, 5-, and 7-year
survival reached 0.819, 0.860, and 0.854, respectively
(Figure 3B–3D). In the end, the total risk score was
counted out according to the risk proportion of each
predictor in the nomogram. Kaplan-Meier analysis
indicated that the OS of patients with low risk score was

vitally better than that of those with a high risk score.
(Figure 3E).
We evaluated BCR ABL1 fusion gene status and WBC
at diagnosis by Kaplan-Meier analysis. In general, the
subtype of patients who were positive for the BCR
ABL1 fusion gene indicated worse OS than those who
were negative for the BCR ABL1 fusion gene
(Supplementary Figure 1A), and patients in the high-

Figure 1. Establishment and validation of the eight-lncRNA prognostic signature. (A–C) The procedure for establishing the
prognostic signature. (D) Correlation between the prognostic signature and the overall survival of patients in the TCGA cohort. The
distribution of signature scores (upper), survival time (middle) and lncRNA expression levels (lower). The black dotted lines represent the
median signature score cutoff dividing patients into low- and high-signature score groups. The red dots and lines represent the patients in the
high-score groups. The green dots and lines represent the patients in the low-score groups. (E) ROC curve analyses based on the 8‐lncRNA
signature. (F) Kaplan‐Meier curves of OS based on the 8‐lncRNA signature.
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signature group had worse OS than those in the lowsignature group in BCR ABL1 fusion negative
segment (Supplementary Figure 1B). While in the
BCR ABL1 fusion gene positive segment, all
participants were in the high-signature group
(Supplementary Figure 1C). Eventually, Kaplan-Meier
analysis suggested that patients with a WBC count
greater than 200 x103/mcL at the first diagnosis have
significantly worse OS than those with a WBC count
less than 200 x10 3/mcL (log-rank test P-value
<0.0001, Supplementary Figure 1D).
Validation of the 8-lncRNA signature for prognostic
evaluation
To validate the robustness of the nomogram, the similar
analysis process in the validation set was conducted.
According to the signature score formula in the internal
validation set (n =126), patients were separated into
groups of those with a high-signature score (n = 63) and
a low-signature score (n = 63) with the median
signature score as the cutoff point (Supplementary

Figure 2A). The Kaplan-Meier curves of OS shows that
patients with low-signature scores have substantially
better OS than patients with higher signature scores
(Supplementary Figure 2B). The AUC exhibited by the
8-lncRNA signature for 3-, 5-, and 7-year survival
reached 0.909, 0.851, and 0.813, respectively
(Supplementary Figure 2C). Next, the nomogram model
was built by using the coefficients of the multivariate
Cox regression model. The C-index of the nomogram
achieved 0.806 (95% CI, 0.728 to 0.884). The
calibration curve indicated that predictive values were
consistent with observed values considering the
probabilities of 3-year, 5-year, and 7-year OS
(Supplementary Figure 2D). Moreover, using the
similar total risk score formula in the internal validation
set, the AUC values exhibited by the total risk score for
3-, 5-, and 7-year survival reached 0.837, 0.803, and
0.824, respectively (Supplementary Figure 2E). The
Kaplan-Meier curves of OS indicated that patients with
low risk scores have substantially better OS than
patients with higher risk scores (Supplementary
Figure 2F).

Figure 2. Construction of a nomogram for overall survival prediction in cALL (A, B). Univariate and multivariate Cox regression analyses of
clinical factors associated with overall survival. (C). The nomogram consists of BCR ABL1 status, WBC count at diagnosis and the signature
score. (D) Decision curve analysis for the cALL nomogram.

www.aging-us.com

15552

AGING

In addition, the above validation process was carried out
on the entire TARGET-ALL set (n=426) and revealed a
good result (Supplementary Figure 3).
The 8-lncRNA signature applied to adult ALL
To explore whether the 8-lncRNA signatures are
equally applicable to adult ALL, we conducted the
analysis process in the GSE34861 cohort. Taking the
median score as the dividing point, participants were
separated into two groups: high signature group (n = 92)
and low signature group (n = 92). (Figure 4A). The
AUC exhibited by the signature for 5- and 7-year
survival reached 0.750 and 0.792, respectively (Figure
4B). The Kaplan Meier OS curve suggested that the OS
of the patients in the low risk group was obviously
better than that in the high risk group. (Figure 4C). The
above indicated that this signature can also measure the
prognosis of adult ALL in effective.
Weighted gene co-expression network construction
(WGCNA)
First of all, we used Pearson correlation coefficient >
0.90 and P < 0.001 as cutoff points to screen the genes

co-expressed with lncRNA. Then, we used the exp
matrix composed of the mentioned 8 lncRNAs and 4985
genes as the input files. To create a scale-free system,
the soft threshold beta to 9 was set (Figure 5A). Genes
with similar patterns were set in different modules
through average linked clustering (Figure 5B). We
calculated the module eigengenes (ME) and clustered
them according to their correlation to explore the coexpression similarity of all modules (Figure 5C). To
identify the relationship between gene modules and
clinical factors, genes were calculated to assess the
correlation with clinical factors. Finally, we determined
the strong correlation among gene significance and
grade and signature score (Figure 5D). The 13 modules
were generally separated into two clusters (Figure 5E).
Identification of hub lncRNAs in modules and
function annotation
After analysis, we found that LINC01278, AC114490.1,
AL132639.3, and TTC28.AS1 were all in the turquoise
module, which had a strong positive correlation with
first event of relapse (cor =0.8, P <1e − 200), BCR
ABL1 status (cor =0.78, P <1e − 200), signature score
(cor =0.74, P < 1e − 200), and WBC count at diagnosis

Figure 3. Evaluated the predictive accuracy and discriminative ability of the nomogram (A) Calibration curves of the nomogram for the
estimation of survival rates at 3, 5, and 7 years. (B–D) ROC curves at 3, 5, and 7 years according to the nomogram and lncRNA signature score.
(E) Kaplan‐Meier curves of OS according to the total risk score.
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(cor =0.67, P=4.4e − 154) (Figure 6A–6D).
Furthermore, functional enrichment analysis was carried
out to analyse the GO database terms and KEGG
pathway associated with genes of the turquoise module
(Figure 6E–6H). Finally, in the turquoise module, we
generated a diagram of the mRNA-lncRNA network
(weight > 0.1) of hub lncRNAs (Supplementary
Figure 4).
Additionally,
LINC00630,
HDAC2-AS2,
and
AL356599.1 were together in the brown module, which
had a positive correlation with WBC count at diagnosis
(cor =0.4, P=3.7e − 45), first event of relapse (cor
=0.37, P =12.1e − 38), BCR ABL1 status (cor =0.35, P
= 2.8e − 34), and survival time (cor =0.31, P = 7e − 27)
(Supplementary Figure 5A–5D). Functional enrichment
analysis was also performed in the brown module
(Supplementary Figure 5E–5H). Similarly, in the brown
module, we constructed a diagram of the mRNAlncRNA network (weight > 0.1) of hub lncRNAs
(Supplementary Figure 5I).

LINC01278 inhibited the apoptosis of cALL cells
through hsa-miR-500b-3p in vitro
To further clarify the mechanism of how the 8 lncRNAs
affect the survival of cALL patients, LINC01278 was
chosen to study the mechanism using in vitro
experiments, because WGCNA suggested that it was
closely related to the expression of multiple oncogenes,
and enrichment analysis showed that the genes
significantly related to LINC01278 were enriched in
lymphocyte proliferation and differentiation. Predicted
by online websites such as starBase2.0 [21]
(http://starbase.sysu.edu.cn/)
and
miRcode
(http://www.mircode.org/), we found multiple binding
sites between LINC01278 and miR-500b-3p, which
suggests that LINC01278 may play a role by acting on
miR-500b-3p. In the CCRF-CEM cell model with
LINC01278 knocked down, we found that the wellknown apoptosis-promoting molecules BAX, Caspase1,
and Cytc were more highly expressed in the group with
miR-500b-3p than the NC group according to qRT-PCR

Figure 4. Apply the 8‐lncRNA signature to adult ALL. (A) Distribution of 8‐lncRNA‐based signature scores, lncRNA expression levels and
patient survival durations in the GSE34861 set. (B) ROC curve analyses based on the 8‐lncRNA signature. (C) Kaplan‐Meier curves of OS based
on the 8‐lncRNA signature.
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and Western blot assays (Figure 7A, 7D, 7E, P<0.05).
However, the expression of Bcl-2, a classic inhibitor of
apoptosis, was significantly decreased. Moreover,
CCK8 experiments suggested that, when taking the
normal control group into consideration, transfection of
miR-500b-3p inhibited the proliferation of CCRF-CEM
cells (Figure 7C, P<0.05). Additionally, after the
transfection of miR-500b-3p, flow cytometry analysis
indicated that the fractions of cells in early apoptosis
late apoptosis and total apoptosis were significantly
higher (Figure 7F, 7G, P<0.05). These results suggested
that LINC01278 may inhibit apoptosis and increase the
proliferation of cALL cells via miR-500b-3p.

DISCUSSION
ALL is the commonest cancer in children, accounting
for about 1/4 of all cancers in people under the age of
15. [22]. The cure rate of ALL is rising [4]. However,
about 15 to 25 percent of patients relapse after recovery,
causing death in cALL children [16, 23].

Many factors have been recorded to be associated with
the prognosis of cALL, such as BCR-ABL1 fusion status
[24], MRD status in the bone marrow on day 29 [25],
BMA Blasts Day 29 [26], DNA Index [27] and WBC
count at diagnosis [28–30]. However, there are no studies
on using above factors as prognostic nomogram to
foresee the prognosis of cALL. Here we figured out that
lncRNAs remarkably correlated with prognosis by
univariate Cox regression and LASSO analysis. Eight
lncRNAs were used for construction of prognostic
signature for cALL. A robust nomogram consisting of the
8-lncRNA signature, BCR ABL1 status, and WBC count
at diagnosis was constructed for predicting the prognosis
of cALL [31]. The AUC value of the nomogram was
better than each of BCR ABL1 status and WBC count at
diagnosis at 3, 5, and 7 years. The C-index value of the
nomogram performs very well. The results were
validated in the internal validation set and the entire
validation set. Eventually, we analyzed the 8-lncRNA
signature in the GSE34861 dataset and found that it could
be used as a prognostic marker for adult ALL.

Figure 5. WGCNA analysis. (A) Analysis of the scale-free topology model fit index for various soft-thresholding powers (β) and the mean
connectivity for various soft-thresholding powers. Overall, 9 was the best fitting power value. (B) Dendrogram of the genes and different
clinical factors of cALL (survival time, WBC count at diagnosis, CNS status at diagnosis, BMA Blasts day 8, BMA Blasts day 29, BCR ABL1 status,
MRD on day 29, DNA index, signature score). (C) Dendrogram of the gene modules based on a dissimilarity measure. The branches of the
cluster dendrogram correspond to the different gene modules. Each leaf on the cluster dendrogram corresponds to a gene. (D) Module-trait
relationships. Heatmap of the correlation between module eigengenes and clinical characteristics of cALL. (E) Hierarchical clustering and
heatmap of the hub gene network.
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After a literature review, we found that two of the 8
lncRNAs, LINC00630 and LINC01278, have been
studied previously. Long intergenic non-protein coding
RNA 630 (LINC00630) is ubiquitously expressed in
bone marrow, lymph nodes and 25 other tissues and is
considered a biomarker for various cancers, such as
non-small-cell lung cancer [32] and colorectal cancer
[33]. In this study, LINC00630 expression was
negatively linked to the risk score of cALL, and

GO/KEGG pathway analysis of LINC00630-related
genes in the brown module indicated that LINC00630
may regulate the occurrence and recurrence of ALL by
regulating the expression of mRNAs involved in the cell
cycle. Long intergenic non-protein coding RNA 1278
(LINC01278) is widely expressed in human tissue and
is considered a lncRNA marker for osteosarcoma [34]
and papillary thyroid carcinoma [35]. Consistent with
previously published papers, LINC01278 expression

Figure 6. The correlation between hub lncRNA-related genes in the turquoise module and clinical characteristics. Correlation
between the turquoise module and factors including first event (A), BCR ABL1 status (B), signature score (C), WBC count at diagnosis (D). GO
and KEGG pathway enrichment of genes in the turquoise module. GO enrichment contains three categories: biological process (E), cellular
component (F), and molecular function (G). KEGG pathway enrichment analysis revealed lymphocyte proliferation- and differentiationrelated terms (H).
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positively correlated with the risk score of cALL
children. Moreover, gene function enrichment analysis
of LINC01278-related genes in the turquoise module
indicated that it may be involved in lymphocyte
proliferation and differentiation. Of note, cALL children
with high LINC01278 expression appeared to have a
bad prognosis.
Huang et al. [36] identified that LINC01278 downregulation decreased migration and invasion of HCC

cells induced by β-catenin and TGF-β1 in vitro and in
vivo. Xi et al. [37] demonstrated that LncRNA
LINC01278 accelerates colorectal cancer progression
via the miR-134-5p/KDM2A axis. However, in our
study, in vivo experiments showed that LINC01278 can
enhance the proliferation of leukemic cells and inhibit
leukemic cell apoptosis by the inhibition of miR-500b3p. Our study reveals for the first time the role of
LINC01278 in cALL, and LINC01278 may be a
biological target for the treatment of cALL in the future.

Figure 7. LINC01278 affects apoptosis in CCRF-CEM cells. (A) The BAX, Caspase1, Cytc and Bcl-2 mRNA expression of the CCRF-CEM
cell model with LINC01278 knock down. (B) The miR-500b-3p expression of the CCRF-CEM cell model with LINC01278 knock down. (C) The
proliferation of the CCRF-CEM cell model with LINC01278 knock down. (D, E) The protein expression of BAX, Caspase1, Cytc and Bcl-2 in the
CCRF-CEM cell model with LINC01278 knock down. NC indicates normal control; drug indicates a control group that was exposed to a drug.
(F, G) The apoptosis of the CCRF-CEM cell model with LINC01278 control group with positive drugs down; *P<0.05.

www.aging-us.com

15557

AGING

LncRNA-based signatures are a novel tool that
provides simple and accurate predictions of clinical
results.
Nomograms have been generated for most cancer
types. In the prognosis evaluation of various cancers,
nomogram is in higher rate of accurate and convenient
than the normal staging system [38–40]. Therefore,
the use of nomograms is promoted as an option or a
novel standard [41–43]. Here a prognostic nomogram
of the combination of lncRNA signature and clinical
factors was set. Clinical factors in nomogram
cannot be influenced by investigators and are
readily available. In addition, the prediction
accuracy of nomogram is more reliable than each
factor alone.
In conclusion, the model we have developed can
firmly and predict the prognosis of patients in
accurate. Our work also reveals that LINC01278 can
enhance the proliferation of leukemic cells and inhibit
leukemic cell apoptosis by targeting inhibition of
miR-500b-3p in cALL, and LINC01278 may be a
biological target for the treatment of cALL in the
future.

Real-time
quantitative
reverse
transcription
polymerase chain reaction (qRT-PCR) [45]
The methods of RNA extraction, reverse transcription
and amplification follow those in our previous
study [39]. Supplementary Table 1 presented the
primers.
Western blot analysis
Protein from cells was extracted by rotor and radio
immunoprecipitation assay (RIPA) lysis buffer. Equal
amounts of protein were divided by SDS-PAGE in a
12% gel and transferred to a nitrocellulose membrane.
The proteins were analyzed by an optimized
chemiluminescence
system
based
on
the
manufacturer's instructions. We incubated the
membranes overnight with the primary antibodies:
anti-Caspase 1 (Servicebio, Wuhan, China,
GB11383); anti-CytoC (Servicebio, Wuhan, China,
GB11080); anti-Bax (Servicebio, Wuhan, China,
GB11690); anti-GAPDH (Affinity, Changzhou,
China, AF7021); and anti-Bcl-2 (Affinity, Changzhou,
China, AFfirm063, BF9103).
Apoptosis assay

MATERIALS AND METHODS
Data collection
LncRNA and mRNA RNAseq data and clinical
parameters associated with cALL patients were from
the NCI TARGET database (https://ocg.cancer.
gov/) and GEO (https://www.ncbi.nlm.nih.gov/gds/)
database.
Cell lines and culture conditions [44]
The human CCRF-CEM cell line was from the Typical
Culture Preservation Commission Cell Bank, Chinese
Academy of Sciences. CCRF-CEM is a cALL cell line
in the ATCC cell bank (ATCC number, CCL-119TM).
All cells were kept at 37° C in 5% CO2 in MCO-18AC
(PHC, Tokyo, Japan) supplemented with 1% penicillinstreptomycin (HyClone, LA, USA) solution including
DMEM (GIBCO, NY, USA) and 10% FBS (EVERY
GREEN, Huzhou, China).
lncRNA knockdown and overexpression
Small interfering RNAs (siRNAs) of LINC01278
were constructed by GenePharma (Shanghai, China).
Cells were transfected via Lipofectamine 2000
(Invitrogen, CA, USA). After 48 h of siRNA
knockdown transfection, expression was analyzed by
qRT-PCR.
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FITC-labeled annexin V staining (Keygen, Nanjing,
China) was used to determine phosphatidylserine
externalization to indicate early apoptosis according to
the manufacturer’s instructions.
Proliferation assay
CCRF-CEM cells in the logarithmic growth phase
were seeded in 96-well microplates with 1 × 10 4 cells
per well. CCRF-CEM cell proliferation was evaluated
via the CCK-8 assay. After 24, 48, and 72 h, 10 μL of
CCK-8 reagent (Dojindo Molecular Technologies,
Kunamoto, Japan) was used for the cells and then the
cells would be incubated at 37° C for 1 h. An
automatic microtiter plate reader was set to zero bin
accordance with the control wells. The absorbance
(A) of each well was assessed at a wavelength
of 450 nm.
Module function annotation
The enrichment analysis of GO and KEGG functions
was realized through the package org.Hs.eg.db and
cluster Profiler in R software.
Data availability
Since the datasets (TARGET and GEO) are available in
public, ethical approval was not required.

AGING

Abbreviations

3.

Jiménez-Hernández E, Jaimes-Reyes EZ, ArellanoGalindo J, García-Jiménez X, Tiznado-García HM,
Dueñas-González MT, Martínez Villegas O, SánchezJara B, Bekker-Méndez VC, Ortíz-Torres MG, OrtízFernández A, Marín-Palomares T, Mejía-Aranguré JM.
Survival of Mexican Children with Acute Lymphoblastic
Leukaemia under Treatment with the Protocol from
the Dana-Farber Cancer Institute 00-01. Biomed Res
Int. 2015; 2015:576950.
https://doi.org/10.1155/2015/576950 PMID:25922837

4.

Soulier J, Cortes J. Introduction to the review series on
acute lymphoblastic leukemia. Blood. 2015; 125:
3965–66.
https://doi.org/10.1182/blood-2015-05-635300
PMID:25999458

5.

Li X, Wu Z, Fu X, Han W. Long Noncoding RNAs: Insights
from Biological Features and Functions to Diseases.
Med Res Rev. 2013; 33:517–53.
https://doi.org/10.1002/med.21254 PMID:22318902

6.

Shi X, Sun M, Liu H, Yao Y, Song Y. Long non-coding
RNAs: a new frontier in the study of human diseases.
Cancer Lett. 2013; 339:159–66.
https://doi.org/10.1016/j.canlet.2013.06.013
PMID:23791884

7.

Mercer TR, Dinger ME, Mattick JS. Long non-coding
RNAs: insights into functions. Nat Rev Genet. 2009;
10:155–59.
https://doi.org/10.1038/nrg2521 PMID:19188922

8.

Fachel AA, Tahira AC, Vilella-Arias SA, MaracajaCoutinho V, Gimba ER, Vignal GM, Campos FS, Reis EM,
Verjovski-Almeida S. Expression analysis and in silico
characterization of intronic long noncoding RNAs in
renal cell carcinoma: emerging functional associations.
Mol Cancer. 2013; 12:140.
https://doi.org/10.1186/1476-4598-12-140
PMID:24238219

9.

Hu Y, Chen HY, Yu CY, Xu J, Wang JL, Qian J, Zhang X,
Fang JY. A long non-coding RNA signature to improve
prognosis prediction of colorectal cancer. Oncotarget.
2014; 5:2230–42.
https://doi.org/10.18632/oncotarget.1895
PMID:24809982

cALL: Childhood acute lymphoblastic leukemia;
LASSO: Least absolute shrinkage and selection
operator; lncRNA: Long non-coding RNA; C-index:
Concordance index; TARGET: Therapeutically
Applicable Research to Generate Effective Treatment;
MRD: Minimum residual disease; AUC: ROC curve
and the area under the curve.

AUTHOR CONTRIBUTIONS
The project was conceived and designed by C.-Z., M.-R.
and Z.-T.T. while C.-Z. wrote the manuscript. Y.-F., L.H., F.-F., Z.-J.H., C.-Y., Z.-X.X. and L.-Y.G. performed
the statistical analysis. C.-Z., M.-R., W.-Y.X. and Z.T.T. contributed to the revision of this work.
Suggestions were provided by all and the final version
was consented by the all.

ACKNOWLEDGMENTS
The authors appreciate the support from the National
Cancer Institute (NCI)’s Office of Cancer Genomics
(OCG).

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of
interest.

FUNDING
The study here was supported by grants from the
National Natural Science Foundation of China
(81502075) and the Foundation of Science and
Technology of Sichuan Province (2019YJ0635). The
funders did not take part in the design and
implementation.

REFERENCES
1.

2.

Barrington-Trimis JL, Cockburn M, Metayer C,
Gauderman WJ, Wiemels J, McKean-Cowdin R. Trends
in childhood leukemia incidence over two decades
from 1992 to 2013. Int J Cancer. 2017; 140:1000–08.
https://doi.org/10.1002/ijc.30487 PMID:27778348
Linet MS, Brown LM, Mbulaiteye SM, Check D,
Ostroumova E, Landgren A, Devesa SS. International
long-term trends and recent patterns in the incidence
of leukemias and lymphomas among children and
adolescents ages 0-19 years. Int J Cancer. 2016;
138:1862–74.
https://doi.org/10.1002/ijc.29924
PMID:26562742

www.aging-us.com

15559

10. Li J, Chen Z, Tian L, Zhou C, He MY, Gao Y, Wang S,
Zhou F, Shi S, Feng X, Sun N, Liu Z, Skogerboe G, et al.
LncRNA profile study reveals a three-lncRNA signature
associated with the survival of patients with
oesophageal squamous cell carcinoma. Gut. 2014;
63:1700–10.
https://doi.org/10.1136/gutjnl-2013-305806
PMID:24522499
11. Wang F, Yuan JH, Wang SB, Yang F, Yuan SX, Ye C, Yang
N, Zhou WP, Li WL, Li W, Sun SH. Oncofetal long

AGING

noncoding RNA PVT1 promotes proliferation and stem
cell-like property of hepatocellular carcinoma cells by
stabilizing NOP2. Hepatology. 2014; 60:1278–90.
https://doi.org/10.1002/hep.27239 PMID:25043274
12. Tan SH, Leong WZ, Ngoc PC, Tan TK, Bertulfo FC, Lim
MC, An O, Li Z, Yeoh AE, Fullwood MJ, Tenen DG,
Sanda T. The enhancer RNA ARIEL activates the
oncogenic transcriptional program in T-cell acute
lymphoblastic leukemia. Blood. 2019; 134:239–51.
https://doi.org/10.1182/blood.2018874503
PMID:31076442
13. Wang X, Yang J, Guo G, Feng R, Chen K, Liao Y, Zhang L,
Sun L, Huang S, Chen JL. Novel lncRNA-IUR suppresses
Bcr-Abl-induced tumorigenesis through regulation of
STAT5-CD71 pathway. Mol Cancer. 2019; 18:84.
https://doi.org/10.1186/s12943-019-1013-3
PMID:30961617
14. Fernando TR, Contreras JR, Zampini M, RodriguezMalave NI, Alberti MO, Anguiano J, Tran TM,
Palanichamy JK, Gajeton J, Ung NM, Aros CJ, Waters
EV, Casero D, et al. The lncRNA CASC15 regulates SOX4
expression in RUNX1-rearranged acute leukemia. Mol
Cancer. 2017; 16:126.
https://doi.org/10.1186/s12943-017-0692-x
PMID:28724437
15. Rodríguez-Malavé NI, Fernando TR, Patel PC, Contreras
JR, Palanichamy JK, Tran TM, Anguiano J, Davoren MJ,
Alberti MO, Pioli KT, Sandoval S, Crooks GM, Rao DS.
BALR-6 regulates cell growth and cell survival in Blymphoblastic leukemia. Mol Cancer. 2015; 14:214.
https://doi.org/10.1186/s12943-015-0485-z
PMID:26694754
16. Hunger SP, Mullighan CG. Acute Lymphoblastic
Leukemia in Children. N Engl J Med. 2015; 373:
1541–52.
https://doi.org/10.1056/NEJMra1400972
PMID:26465987
17. Beltrán-Anaya FO, Cedro-Tanda A, Hidalgo-Miranda A,
Romero-Cordoba SL. Insights into the Regulatory Role
of Non-coding RNAs in Cancer Metabolism. Front
Physiol. 2016; 7:342.
https://doi.org/10.3389/fphys.2016.00342
PMID:27551267
18. Pérez-Saldivar ML, Fajardo-Gutiérrez A, Bernáldez-Ríos
R, Martínez-Avalos A, Medina-Sanson A, EspinosaHernández L, Flores-Chapa JD, Amador-Sánchez R,
Peñaloza-González JG, Alvarez-Rodríguez FJ, BoleaMurga V, Flores-Lujano J, Rodríguez-Zepeda Mdel C, et
al. Childhood acute leukemias are frequent in Mexico
City: descriptive epidemiology. BMC Cancer. 2011;
11:355.
https://doi.org/10.1186/1471-2407-11-355
PMID:21846410

www.aging-us.com

15560

19. Fernando TR, Rodriguez-Malave NI, Waters EV, Yan W,
Casero D, Basso G, Pigazzi M, Rao DS. LncRNA
Expression Discriminates Karyotype and Predicts
Survival in B-Lymphoblastic Leukemia. Mol Cancer Res.
2015; 13:839–51.
https://doi.org/10.1158/1541-7786.MCR-15-0006-T
PMID:25681502
20. Garitano-Trojaola A, José-Enériz ES, Ezponda T, Unfried
JP, Carrasco-León A, Razquin N, Barriocanal M, VilasZornoza A, Sangro B, Segura V, Prósper F, Fortes P,
Agirre X. Deregulation of linc-PINT in acute
lymphoblastic leukemia is implicated in abnormal
proliferation of leukemic cells. Oncotarget. 2018;
9:12842–52.
https://doi.org/10.18632/oncotarget.24401
PMID:29560114
21. Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0:
decoding miRNA-ceRNA, miRNA-ncRNA and proteinRNA interaction networks from large-scale CLIP-Seq
data. Nucleic Acids Res. 2014; 42:D92–97.
https://doi.org/10.1093/nar/gkt1248 PMID:24297251
22. Torpy JM, Lynm C, Glass RM. JAMA patient page. Acute
lymphoblastic leukemia. JAMA. 2009; 301:452.
https://doi.org/10.1001/jama.301.4.452
PMID:19176449
23. Pui CH, Evans WE. Treatment of acute lymphoblastic
leukemia. N Engl J Med. 2006; 354:166–78.
https://doi.org/10.1056/NEJMra052603
PMID:16407512
24. Schultz KR, Prestidge T, Camitta B. Philadelphia
chromosome-positive acute lymphoblastic leukemia in
children: new and emerging treatment options. Expert
Rev Hematol. 2010; 3:731–42.
https://doi.org/10.1586/ehm.10.60 PMID:21091149
25. Petit A, Trinquand A, Chevret S, Ballerini P, Cayuela JM,
Grardel N, Touzart A, Brethon B, Lapillonne H, Schmitt
C, Thouvenin S, Michel G, Preudhomme C, et al, and
French Acute Lymphoblastic Leukemia Study Group
(FRALLE). Oncogenetic mutations combined with MRD
improve outcome prediction in pediatric T-cell acute
lymphoblastic leukemia. Blood. 2018; 131:289–300.
https://doi.org/10.1182/blood-2017-04-778829
PMID:29051182
26. Park JH, Rivière I, Gonen M, Wang X, Sénéchal B,
Curran KJ, Sauter C, Wang Y, Santomasso B, Mead E,
Roshal M, Maslak P, Davila M, et al. Long-Term Followup of CD19 CAR Therapy in Acute Lymphoblastic
Leukemia. N Engl J Med. 2018; 378:449–59.
https://doi.org/10.1056/NEJMoa1709919
PMID:29385376
27. Safavi S, Paulsson K. Near-haploid and low-hypodiploid
acute lymphoblastic leukemia: two distinct subtypes

AGING

with consistently poor prognosis. Blood. 2017;
129:420–23.
https://doi.org/10.1182/blood-2016-10-743765
PMID:27903530
28. O’Connor D, Enshaei A, Bartram J, Hancock J, Harrison
CJ, Hough R, Samarasinghe S, Schwab C, Vora A, Wade
R, Moppett J, Moorman AV, Goulden N. GenotypeSpecific Minimal Residual Disease Interpretation
Improves
Stratification
in
Pediatric
Acute
Lymphoblastic Leukemia. J Clin Oncol. 2018; 36:34–43.
https://doi.org/10.1200/JCO.2017.74.0449
PMID:29131699
29. Zheng R, Peng X, Zeng H, Zhang S, Chen T, Wang H,
Chen W. Incidence, mortality and survival of childhood
cancer in China during 2000-2010 period: A
population-based study. Cancer Lett. 2015; 363:
176–80.
https://doi.org/10.1016/j.canlet.2015.04.021
PMID:25917566
30. Ward E, DeSantis C, Robbins A, Kohler B, Jemal A.
Childhood and adolescent cancer statistics, 2014. CA
Cancer J Clin. 2014; 64:83–103.
https://doi.org/10.3322/caac.21219 PMID:24488779
31. Mao R, Hu S, Zhang Y, Du F, Zhang Y, Liu Y, Zhang T.
Prognostic Nomogram for Childhood Acute
Lymphoblastic Leukemia: A Comprehensive Analysis of
673 Patients. Front Oncol. 2020; 10:1673.
https://doi.org/10.3389/fonc.2020.01673
PMID:33014835
32. Mao G, Jin H, Wu L. DDX23-Linc00630-HDAC1 axis
activates the Notch pathway to promote metastasis.
Oncotarget. 2017; 8:38937–49.
https://doi.org/10.18632/oncotarget.17156
PMID:28473661
33. Liu F, Huang W, Hong J, Cai C, Zhang W, Zhang J, Kang
Z. Long noncoding RNA LINC00630 promotes radioresistance by regulating BEX1 gene methylation in
colorectal cancer cells. IUBMB Life. 2020; 72:1404–14.
https://doi.org/10.1002/iub.2263 PMID:32119177
34. Qu Z, Li S. Long noncoding RNA LINC01278 favors the
progression of osteosarcoma via modulating miR-133a3p/PTHR1 signaling. J Cell Physiol. 2020. [Epub ahead
of print].
https://doi.org/10.1002/jcp.29582 PMID:31994731
35. Lin S, Tan L, Luo D, Peng X, Zhu Y, Li H. Linc01278
inhibits the development of papillary thyroid
carcinoma by regulating miR-376c-3p/DNM3 axis.
Cancer Manag Res. 2019; 11:8557–69.
https://doi.org/10.2147/CMAR.S217886
PMID:31572010
36. Huang WJ, Tian XP, Bi SX, Zhang SR, He TS, Song LY,
Yun JP, Zhou ZG, Yu RM, Li M. The β-catenin/TCF-4-

www.aging-us.com

15561

LINC01278-miR-1258-Smad2/3
axis
promotes
hepatocellular carcinoma metastasis. Oncogene. 2020;
39:4538–50.
https://doi.org/10.1038/s41388-020-1307-3
PMID:32372060
37. Xi C, Ye NY, Wang YB. LncRNA LINC01278
accelerates colorectal cancer progression via miR134-5p/KDM2A axis. Eur Rev Med Pharmacol Sci.
2020; 24:10526–34.
https://doi.org/10.26355/eurrev_202010_23405
PMID:33155208
38. Wang Y, Du L, Yang X, Li J, Li P, Zhao Y, Duan W,
Chen Y, Wang Y, Mao H, Wang C. A nomogram
combining long non-coding RNA expression profiles
and clinical factors predicts survival in patients with
bladder cancer. Aging (Albany NY). 2020; 12:
2857–79.
https://doi.org/10.18632/aging.102782
PMID:32047140
39. Li W, Liu J, Zhao H. Identification of a nomogram
based on long non-coding RNA to improve
prognosis prediction of esophageal squamous
cell carcinoma. Aging (Albany NY). 2020; 12:
1512–26.
https://doi.org/10.18632/aging.102697
PMID:31978896
40. Gu J, Zhang X, Miao R, Ma X, Xiang X, Fu Y, Liu C, Niu
W, Qu K. A three-long non-coding RNA-expressionbased risk score system can better predict both overall
and recurrence-free survival in patients with small
hepatocellular carcinoma. Aging (Albany NY). 2018;
10:1627–39.
https://doi.org/10.18632/aging.101497
PMID:30018179
41. Sternberg CN. Are nomograms better than currently
available stage groupings for bladder cancer? J Clin
Oncol. 2006; 24:3819–20.
https://doi.org/10.1200/JCO.2006.07.1290
PMID:16864852
42. Mariani L, Miceli R, Kattan MW, Brennan MF,
Colecchia M, Fiore M, Casali PG, Gronchi A.
Validation and adaptation of a nomogram for
predicting the survival of patients with extremity
soft tissue sarcoma using a three-grade system.
Cancer. 2005; 103:402–08.
https://doi.org/10.1002/cncr.20778
PMID:15578681
43. Wang L, Hricak H, Kattan MW, Chen HN, Scardino PT,
Kuroiwa K. Prediction of organ-confined prostate
cancer: incremental value of MR imaging and MR
spectroscopic imaging to staging nomograms.
Radiology. 2006; 238:597–603.
https://doi.org/10.1148/radiol.2382041905

AGING

PMID:16344335
44. Mao R, Wang Z, Zhang Y, Chen Y, Liu Q, Zhang T, Liu Y.
Development and validation of a novel prognostic
signature in gastric adenocarcinoma. Aging (Albany
NY). 2020; 12:22233–52.
https://doi.org/10.18632/aging.104161
PMID:33188157

www.aging-us.com

15562

45. Mao R, Chen Y, Xiong L, Liu Y, Zhang T. Identification of
a nomogram based on an 8-lncRNA signature as a
novel diagnostic biomarker for head and neck
squamous cell carcinoma. Aging (Albany NY). 2020;
12:20778–800.
https://doi.org/10.18632/aging.104014
PMID:33091878

AGING

SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Survival analysis for subgroups according to variable in nomogram. (A–C) Kaplan‐Meier curves of BCR
ABL1 fusion status and comparison of the survival outcomes between the high-risk and low-risk groups in different BCR ABL1 fusion gene
status. (D) Kaplan‐Meier curves based on WBC count at diagnosis, which were divided into 4 groups: "<100", "100-200", "200-300", and ">
300" according to the WBC count (*109/L).
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Supplementary Figure 2. Validation of the model with the internal validation set (n=126). (A) Distribution of 8‐lncRNA‐based
signature scores, lncRNA expression levels and patient survival durations in the internal validation set. (B) Kaplan‐Meier curves of OS based
on the 8‐lncRNA signature. (C) ROC curve analyses based on the 8‐lncRNA signature. (D) Calibration curves of the nomogram for the
estimation of survival rates at 3, 5, and 7 years. (E) ROC curves according to the nomogram and lncRNA signature score. (F) Kaplan‐Meier
curves of OS according to the total risk score.
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Supplementary Figure 3. Validation of the model with the entire dataset (n=426). (A) Distribution of 8‐lncRNA‐based signature
scores, lncRNA expression levels and patient survival durations in the entire set. (B) ROC curve analyses based on the 8‐lncRNA signature. (C)
Kaplan‐Meier curves of OS based on the 8‐lncRNA signature. (D) Calibration curves of the nomogram for the estimation of survival rates at 3,
5, and 7 years. (E) ROC curves according to the nomogram and lncRNA signature score. (F) Kaplan‐Meier curves of OS according to the total
risk score.
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Supplementary Figure 4. The lncRNA-mRNA network based on the hub lncRNAs in the turquoise module. The red diamond
shape represents lncRNAs, and purple circles represent mRNAs.
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Supplementary Figure 5. The correlation between hub lncRNA-related genes in the brown module and clinical
characteristics. Correlation between the brown module and factors including WBC count at diagnosis (A), first event (B), BCR ABL1 status
(C), and survival time (D). GO and KEGG pathway enrichment of genes in the brown module. GO enrichment contains three categories:
biological process (E), cellular component (F), and molecular function (G). KEGG pathway enrichment analysis revealed cell cycle-related
terms (H). We also constructed the lncRNA-mRNA network based on the hub lncRNAs in the brown module (I).
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Supplementary Table
Supplementary Table 1. Primers used in the study.
Gene
H-Actin
H-Bcl2
H-Bax
H- Caspase1
H-cyt-c
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Sequence
5’-CGGCACCACCATGTACCCTG-3’
5’-GCCGGACTCGTCATACTCCT-3’
5’-CGACTTCTCCCGCCGCTACCG-3’
5’-CCCAGTTCACCCCGTCCCT-3’
5’-ATGATTGCCGCCGTGGACA-3’
5’-CCCAGTTGAAGTTGCCGTCAG-3’
5’-GAAGAAACACTCTGAGCAAGTC-3’
GATGATGATCACCTTCGGTTTG-3’
5’-CTTTGGGCGGAAGACAGGTC-3’
5’-TTATTGGCGGCTGTGTAAGAG-3’
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Product length (bp)
196
128
88
112
54
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