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IncRNA-CCDC26, as a novel biomarker,
predicts prognosis in acute myeloid leukemia
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Abstract. The aim of the present study was to examine
the expression and clinical significance of long non-coding
RNA (IncRNA)-CCDC26 in patients with acute myeloid
leukemia (AML), and to investigate the potential functions
of CCDC26. The Gene Expression Omnibus database and
reverse transcription-quantitative polymerase chain reac-
tion analysis were used to detect the expression levels of
CCDC26 in patients with AML and healthy volunteers.
Clinical data for 93 patients with AML were collected to
analyze the clinical significance of CCDC26. Weighted gene
co-expression network analysis (WGCNA), a protein-protein
interaction (PPI) network, and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis were used
to examine the functions of CCDC26. The expression levels
of CCDC26 in the initially diagnosed and relapsed patients
with AML were significantly upregulated compared with the
control group. The upregulated expression level of CCDC26
in patients with AML was significantly associated with
age, anemia, risk stratification and remission. Furthermore,
patients with a high CCDC26 expression level had a poorer
overall survival (P=0.0105). In addition, the area under
the curve (AUC),,,,, and AUC,,,,, of CCDC26 for overall
survival were 0.722 and 0.686, respectively. WGCNA, PPI
network and KEGG pathway analysis revealed that CCDC26
was involved in the regulation of a number of biological
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processes. IncRNA-CCDC26 may serve as a novel biomarker
for monitoring the progression and predicting the clinical
outcome of AML.

Introduction

Acute myeloid leukemia (AML) is a heterogeneous malig-
nant clonal disease originating from hematopoietic stem or
myeloid progenitor cells (1). AML is the most common type of
leukemia in adults, with an incidence rate of 3.7 per 100,000
worldwide, as it progresses rapidly, with the natural course of
the disease being only 11-20 weeks (2). Despite recent advances
in the diagnosis, treatment and prognosis of AML, the overall
survival rate remains <50% (3). Therefore, further studies are
required, in order to examine the underlying mechanisms of
AML pathogenesis and prognosis, as well as the search for
novel treatments. Following extensive research on the patho-
genesis of AML over the past few years, abnormal epigenetic
modifications have been reported as an important mechanism
for the occurrence and development of leukemia (4,5). Long
non-coding RNA (IncRNA), a recently discovered epigenetic
modification mechanism, serves a critical role in cell function
and gene regulation (6,7).

IncRNAs are longer than 200 nucleotides, and are a
members of the non-protein-coding RNA family. Numerous
studies have demonstrated that IncRNA serves an impor-
tant role in the pathogenesis and progression of AML (8.,9).
IncRNA-CCDC26 is located at chromosomal locus 8q24
and is associated with low-grade glioma, chronic myeloid
leukemia-derived K562 cells and pediatric AML (10-13).
Furthermore, previous studies have reported that CCDC26,
also referred to as retinoid modification (RAM), is upregu-
lated in AML cell lines (HL60 and THP-1), while CCDC26
regulates the differentiation and apoptosis of the acute mono-
cytic leukemia cell line PLB985, which is induced by retinoic
acid (12,14).

These results have indicated that CCDC26 is associated
with AML; however, the expression level and the clinical
significance of IncRNA-CCDC26 in adult patients with AML
remains unclear. The aim of the present study was therefore to
examine the expression of CCDC26 in clinical bone marrow
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samples of AML and AML cell lines, and evaluate its role in
the progression and poor prognosis of AML.

Materials and methods

Patient samples. Bone marrow samples from 93 patients
who were diagnosed with AML, based on the World Health
Organization Morphology, Immunology, Cytogenetics
Molecular biology classification criteria (15), were collected
at the Guangzhou First People's Hospital (Guangzhou, China)
between November 2014 and March 2018. All participants
provided their written informed consent to participate in this
study. The age of the patients ranged from 11 to 81 years, with
an average of 40 years, including 51 females and 42 males.
Among the 93 patients, 45 were at the stage of initial diag-
nosis of AML, 7 were relapses, 24 post-chemotherapy and
17 post-hematopoietic stem cell transplantation (HSCT). The
inclusion criteria were as follows: i) Blasts >20% of bone marrow
nucleated cells (ANC); ii) blasts <20% of ANC, however with
t(15;17), t(8;21) or inv (16)/t(16;16); and iii) clearly diagnosed
AML. The exclusion criteria were as follows: i) Age <18 years;
and ii) incomplete follow-up information. Mononuclear cells
(MNCs) were isolated from bone marrow samples with Ficoll
(GE Healthcare Life Sciences, Little Chalfont, UK) and stored
at -80°C with TRIzol® reagent (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) for as long as required. MNCs isolated
from the bone marrow included monocytes, lymphocytes,
hematopoietic stem cells, and hematopoietic progenitor cells.
Bone marrow samples from ten anonymized healthy volun-
teers were collected between March 2017 and August 2017
and were included as the control samples. The age ranged
from 23 to 45 years, with an average of 31 years, and included
5 females and 5 males. The present study was approved by
the Ethics Committee of Guangzhou First People's Hospital
(Guangzhou, China).

The clinical characteristics of the patients are listed in
Table I. Clinical data were followed up until May 1, 2018. The
median follow-up time for surviving patients was 388 days
(range, 122-1,275 days).

Risk stratification was based on the cytogenetic and molec-
ular anomaly background of the National Comprehensive
Cancer Network Guidelines for the treatment of acute myeloid
leukemia (16). Since only 3 patients at initial-diagnosis stage
were of intermediate risk, risk stratification was performed by
classifying patients into poor/intermediate and favorable risk
groups.

Public datafromthe gene expression omnibus (GEO) database.
Evaluation of the CCDC26 expression level was performed
using the publicly available GEO database (https://www.
ncbi.nlm.nih.gov/geo/). GSE85030 was downloaded from the
report of Lei et al (17), which contained 6 AML and 2 normal
control samples.

Extraction of bone marrow MNCs. Bone marrow samples
were superimposed on the surface of 5 ml Ficoll (1.077 g/ml;
GE Healthcare Life Sciences), and horizontal centrifugation at
670 x g, at 25°C for 20 min was subsequently performed in the
centrifuge (Centrifuge 5810; Eppendorf, Hamburg, Germany).
Following centrifugation, the liquid was divided into three
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layers, with a narrow white cloudy layer mainly composed of
MNC:s at the interface between the upper and middle layers.
The cloudy layer was aspirated into another centrifuge tube,
and the MNCs were washed twice with RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc.). The proportion of MNCs was
estimated on May-Griinwald-Giemsa-stained cytocentrifugate
preparations using light microscopy at x400 magnification.
A two-step process was performed for staining, firstly 50%
May-Griinwald at 25°C for 3-5 min, secondly 10% buffered
Giemsa solution for 10-30 min then running water for 1-3 min.
The MNC:s selected for analysis contained a minimum of 90%
blasts following separation. Pellets of 2-10,000,000 MNCs
were stored in TRIzol® reagent and immediately frozen at
-80°C.

RNA isolation and reverse transcription-quantitative
polymerase chainreaction (RT-qPCR). Total RNA was isolated
from MNCs using TRIzol reagent, according to the manufac-
turer's protocol. An RT kit (Promega Corporation, Madison,
WI, USA) was used to reverse transcribe total RNA to cDNA,
following the manufacturer's protocol. The reverse transcrip-
tion method was a 2-step process, with a total 20 ul. Firstly,
RNA 500 ng, 0.5 pl oligo (dT) (0.5 ug/reaction), 0.5 ul random
primer (0.5 pg/reaction) and RNase free double distilled
water (ddH,0), up to 5 ul, was added together and incubated
at 70°C for 5 min, and subsequently rapidly cooled on ice for
5 min. Secondly, 4.0 ul GoScript™ 5X reaction buffer, 1.7 ul
MgCl, (final concentration 2.0 mM), 1.0 1 0.5 mM dNTPs,
0.3 pl ribonuclease inhibitor (20 U), 1.0 ul reverse transcrip-
tase, and ddH,O to a total of 15 ul was subsequently added.
After mixing, samples were incubated at 42°C for 60 min and
inactivated at 70°C for 15 min. RT-qPCR was carried out with
SYBR Green Master Mix (Promega Corporation). The qPCR
was performed at a total 10 ul and included the following: 5 ul
GoTaq 2X Master Mix, 0.5 ul forward primer (10 uM), 0.5 ul
reverse primer (10 uM), 2 ul cDNA (diluted 10-fold) and 2 ul
ddH,0. The following thermocycling conditions were used for
the qPCR: Intital denaturation at 95°C for 10 min; 40 cycles
of 95°C 15 sec and 60°C for 1 min. Primer sequences were
as follows: 18StRNA, 5'-CGGCGGCTTTGGTGACTCTAG
A-3' forward and 5'-CCTGCTGCCTTCCTTGGATGTG-3'
reverse; CCDC26, 5-CCTTGTACAGTGTTGCCTCAGC-3'
forward and 5-GCAGTCTTCGGCATTCTCCCA-3' reverse.
The results were normalized to the expression of 18SrRNA
and are presented as a fold change (224°9) (18). Each experi-
ment was repeated in triplicate.

Screening for differentially expressed mRNAs. The differ-
entially expressed mRNAs between AML and normal
control samples in GSE85030 were screened using GEO2R
(https://www.ncbi.nlm.nih.gov/geo/geo2r/). The criteria for
screening were adjusted P<0.05 and llog,FCI>1.

Weighted gene co-expression network analysis (WGCNA).
WGCNA, which canidentify clusters (modules) of highly corre-
lated genes, is a systematic biology method used to describe
correlation patterns among genes in microarray samples (19).
Compared to Pearson's correlation coefficient, WGCNA uses
the soft threshold to provide more extensive and accurate
correlations between genes. The R package WGCNA (19)
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Table I. Association between CCDC26 expression and clinicopathological factors of acute myeloid leukemia (n=45).
CCDC26 expression CCDC26 expression
Characteristics High n=36 (%) Low n=9 (%) P-value? Mean =+ standard deviation P-value®
Sex 0.117 0412
Male 21 (58.3) 2(222) 7.942+8.551
Female 15 (41.7) 7(77.8) 6.039+6.701
Age (years) 0.654 0.031°¢
=60 9(25.0) 1(11.1) 13.667+10.455
<60 27 (75.0) 8 (88.9) 5.111+5.528
Anemia 0.514 0.026°
Yes 30 (83.3) 6 (66.7) 7.815+8.277
No 6 (16.7) 3(33.3) 3.799+3.126
Fever 0.573 0.697
Yes 26 (72.2) 5(55.6) 6.707+7.796
No 10 (27.8) 4(444) 7.687+7.644
Hemorrhage 0.204 0.854
Yes 17 (47.2) 7 (77.8) 6.811+7.889
No 19 (52.8) 2(222) 7.242+7.612
Extramedullary infiltration 0.106 0.538
Yes 25 (69.4) 3(33.3) 6.455+7.076
No 11 (30.6) 6 (66.7) 7.929+8.722
WBC (x10%1) 1.000 0.893
=40 10 (27.8) 2(222) 7.271+8.126
<40 26 (72.2) 7(77.8) 6.918+7.634
LDH (U/) 1.000 0.654
>240 30 (83.3) 7 (77.8) 6.77+7.368
<240 6 (16.7) 2(222) 8.133£9.454
Risk stratification 0.002¢ 0.003¢
Poor/Intermediate 23 (63.9) 0(0.0) 9.886+8.176
Favorable 13 (36.1) 9 (100) 3.419+5.248
Remission 0.226 0.030¢
PR or NR 9(25.0) 0(0.0) 11.926+8.395
CR 27 (75.0) 9 (100) 5.783+7.085

»2 test and "Student's t-test. °P<0.05 and ‘P<0.01. WBC, white blood cell; LDH, lactate dehydrogenase; PR, partial remission; NR, no remis-

sion; CR, complete remission.

was used to construct a weighted correlation network between
IncRNA-CCDC26 and differentially expressed mRNAs. The
module colors under the dendrogram represent the module
assignment determined by the Dynamic Tree Cut. The k-core
score was used to determine the core genes of the co-expres-
sion networks. The IncRNA-co-expressed mRNA cluster was
obtained with a soft threshold of 0.85 for further functional
analysis of IncRNA-CCDC26.

Pathway analysis and protein-protein interaction
(PPI) network establishment. The WGCNA-calculated
IncRNA-CCDC26-co-expressed mRNAs were subjected
to pathway analysis and PPI network establishment. The
Database for Annotation, Visualization and Integrated
Discovery (DAVID; https://david.nciferf.gov/) tool was used

for Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis. The PPI network of CCDC26-co-expressed
mRNAs was established using Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING; https://string-db.org/).
The highly important nodes are represented by the central
nodes in the network; nodes in the network represent genes,
and edges represent interactions between nodes.

Statistical analysis. All statistical analysis was conducted using
SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA), GraphPad
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA) and R
software 3.5.1 (https://www.r-project.org/). Student's t-test and
y’ tests were performed to compare the significance of differ-
ences between two groups, as appropriate. One-way ANOVA
test followed by the Bonferroni test was used for multiple
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Figure 1. CCDC26 is upregulated in AML. (A) CCDC26 expression was analyzed at different treatment stages of AML and in healthy donors. (B) Pie chart
indicating the proportion of AML samples with up-(blue) and downregulated (red) expression of CCDC26. (C) High and low expression level of CCDC26 in
patients with AML. (D) Expression of CCDC26 according to clinical parameters of AML. (E) CCDC26 expression in different groups of AML risk stratifica-
tion. (F) The expression level of CCDC26 was analyzed in the publicly available Gene Expression Omnibus dataset GSE85030. Error bars, mean =+ standard

ki

errors of the mean. "P<0.05, “P<0.01,

P<0.001; P>0.05. AML, acute myeloid leukemia; PR/IM risk, poor/intermediate risk; PR, partial remission; NR, no

remission; CR, complete remission; HSCT, hematopoietic stem cells transplantation.

comparisons. Overall survival rates were calculated via the
Kaplan-Meier method and the log-rank test was used for
comparison. Receiver operating characteristic (ROC) curves
were constructed using the survival ROC package (20) in R
software. The data are presented as mean =+ standard deviation.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of CCDC26 is upregulated in AML. The relative
expression level of CCDC26 was detected in 93 AML bone
marrow samples by RT-qPCR and normalized to 18rRNA.
As indicated in Fig. 1A and B, CCDC26 expression was
significantly upregulated in 80% of patients with an initial
AML diagnosis (P=0.018) and in patients who had relapsed
(P=0.001). At the same time, the expression of CCDC26 in
patients with AML relapses was significantly higher compared
with patients with an initial AML diagnosis (P=0.041). The
level of CCDC26 expression was distinctly decreased in
patients with AML following chemotherapy (P=0.001) and
HSCT (P=0.002) compared with the patients with an initial
AML diagnosis. In addition, compared with the normal
control, the expression of CCDC26 in patients with AML
following chemotherapy remained high (P=0.045), however

there was no significant difference in patients with AML
following transplantation (P=0.725). These results indicated
that the relative expression of CCDC26 in patients with AML
was upregulated, but returned to normal levels following
effective treatment. As indicated in Fig. 1C, the absolute value
of CCDC26 for upregulation in AML was 7.415 compared
with the normal control (P=0.006), while the absolute value
of CCDC26 for downregulation in AML was 0.562 compared
with the normal control (P=0.039).

This result was confirmed in the publicly available GEO
expression dataset GSE85030. The relative expression level
of CCDC26 in AML was higher compared with that in the
normal control (Fig. 1F).

CCDC26 upregulation is associated with age, anemia,
risk stratification and remission. The association between
CCDC26 expression and clinical parameters of patients with
an initial AML diagnosis was investigated. Higher CCDC26
expression was observed in patients with old age (=60 years),
anemia, poor/intermediate risk and partial remission or no
remission, while the expression was lower in patients at a young
age (<60 years), without anemia, favorable risk and complete
remission (CR), (P=0.031, 0.026, 0.003 and 0.03, respectively)
(Fig. 1D and Table I). No association was observed between
the expression level of CCDC26 and other clinical factors,
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Figure 2. CCDC26 expression is associated with prognosis. (A) Kaplan-Meier survival curves of patients with acute myeloid leukemia were stratified by
CCDC?26 expression levels. (B) Predictive ability of CCDC26 for overall survival rate. ROC, receiver operating characteristic; AUC, area under the curve.

including sex, fever, hemorrhage, white blood cells (WBC),
lactate dehydrogenase (LDH) or extramedullary infiltration.
Compared with the normal control, the expression of CCDC26
in patients with AML with poor/intermediate risk was signifi-
cantly increased (P=0.002), however there was no significant
difference in the expression of CCDC26 in patients with AML
with favorable-risk stratification (P>0.05; Fig. 1E).

Association between clinicopathological factors and CCDC26
expression, analyzed using the y? test. The expression level of
CCDC26 was divided into two groups: High (above normal
control) and low (under normal control). The 7 test was used
to evaluate differences in clinical parameters between the two
groups. As presented in Table I, the expression of CCDC26
is associated with risk stratification (P=0.002). In the present
study, no significant difference was observed in the association
between CCDC26 expression and other clinical parameters,
including sex, age, anemia, fever, hemorrhage, WBC, LDH,
extramedullary infiltration and remission.

CCDC26 upregulation is associated with poor prognosis
in patients with AML. To examine the association between
CCDC26 expression levels and the prognosis of patients
with AML, Kaplan-Meier survival analysis and the log-rank
test were performed to evaluate the association between
CCDC26 expression and overall survival. Kaplan-Meier
survival analysis indicated a significant difference in overall
survival between the CCDC26 high- and low-expression
groups in 45 patients with an initial AML diagnosis (log-rank
test; %°=6.550; P=0.0105; Fig. 2A). The ROC curve was used
to evaluate the predictive ability of CCDC26. As presented
in Fig. 2B, the AUC,,, and AUC,,,,, of CCDC26 according
to the ROC curve were 0.722 and 0.686, respectively, which
indicated that the expression level of CCDC26 can be used to
predict overall survival in AML.

Co-expression module establishment. WGCNA is a system-
atic biology method used to find clusters (modules) of highly
correlated genes and examine the potential biological patterns.
CCDC26 and a total of 5,020 differentially expressed mRNAs
in GSE85030 were involved in the construction of a weighted

gene co-expression network. As indicated in Fig. 3A, the cluster
dendrogram contained nine co-expression modules (gray,
red, green, yellow, black, pink, brown, blue and turquoise).
The co-expression network of CCDC26 was in the turquoise
module, which contained 289 mRNAs (Fig. 3B).

Pathway analysis and PPI network establishment of
co-expressed genes. To predict the potential biological
processes of CCDC26 in AML, KEGG was used to enrich
and analyze 289 CCDC26-co-expressed genes in the DAVID
database. According to the KEGG terms, CCDC26 was
enriched in five important pathways, including ‘osteoclast
differentiation’, ‘NOD-like receptor signaling pathway’, ‘drug
metabolism-cytochrome P450°, ‘malaria’ and ‘pertussis’
(Fig. 3C). ‘Osteoclast differentiation’ and ‘NOD-like receptor
signaling pathway’ were considered to serve the most impor-
tant roles in the network, since the other pathways strongly
depended on their linkages (Fig. 3D).

Tofurtherinvestigate the function of CCDC26-co-expressed
genes at the protein level, the STRING database was used to
screen for functional genes, thus providing a visual annotated
network revealing the structural and functional properties of
the proteins. The PPI network was composed of 187 nodes and
345 edges (Fig. 4A). The k-core was used to determine the core
genes of the PPI network, and the 30 highest k-core genes were
contained within four core subnetworks (Fig. 4B). The four
core subnetworks were enriched in three pathways, including
‘metabolic pathways’, ‘ribosome biogenesis in eukaryotes’ and
‘drug metabolism-cytochrome P450° (Fig. 4C).

Discussion

AML is a highly malignant tumor of the hematopoietic system
with substantial heterogeneity in cytogenetics and molecular
genetics (21). Over the past few years, with the rapid develop-
ment of molecular biology, researchers have discovered that
chromosomal abnormalities, and gene fusions and mutations
serve an important role in the clinical evaluation, prognosis
and treatment of patients with AML. However, these molec-
ular abnormalities are not yet comprehensively used as clinical
prognostic molecular markers and therapeutic targets (22,23).
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Figure 3. Weighted gene co-expression network and pathway analysis of CCDC26 in GSE85030. (A) Cluster dendrogram built based on the dissimilarity of topo-
logical overlap, with nine module colors. The module colors under the dendrogram represent the module assignment determined by the Dynamic Tree Cut. Height
represents hierarchies. (B) A co-expression network of CCDC26 and 289 mRNAs was built in the turquoise module. (C) KEGG pathway analysis of co-expressed
genes of CCDC26. The bar plot indicates the number of enriched genes in the significant pathways (P<0.05). (D) Interaction and overlap of significant pathways.
Diamonds represent significant pathways, and circles represent the mRNAs in the pathway. KEGG, Kyoto Encyclopedia of Genes and Genomes.

Therefore, further studies are crucial for identifying novel
AML molecular markers and therapeutic targets for guiding
treatment or prognostic analysis.

Recently, the aberrant expression of IncRNAs has emerged
as an important factor in a number of biological processes
(e.g. cell proliferation and apoptosis) and human diseases,
particularly in cancer (17,24-26). Studies have reported that
IncRNA-CCDC26 not only serves an important role in the
development of low-grade glioma, but is also significantly
increased in the chronic myeloid leukemia cell line K562, and
pediatric AML and AML cell lines HL60 and THP-1 (10-13).
In addition, CCDC26, also known as RAM, regulates the
differentiation and apoptosis of the AML cell line PLB9SS,
which is induced by retinoic acid (12,14).

In the present study, it was reported that the level of
IncRNA-CCDC26 in AML was significantly higher compared
with that in healthy individuals. The high expression of
CCDC26 in patients with AML was distinctly associated with
a number of clinical parameters, including age, anemia, risk
stratification and remission. Furthermore, the high CCDC26
expression in AML was associated with poor prognosis. These
results indicated that high CCDC26 expression was associ-
ated with AML oncogenesis and may serve as a prognostic
indicator for AML.

Despite the significant progress reported in the treat-
ment of AML, only 50-60% of elderly patients achieve
CR following chemotherapy, and the 5-year overall
survival rate following intensive induction chemotherapy is
15-30% (27,28). The 5-year overall survival rate of patients
with AML with high-risk factors has been reported to be
only 13% (29). However, allogeneic (allo)-HSCT is an effec-
tive treatment following chemotherapy remission (30). A
study reported that patients aged 40-60 years, who achieved
allo-HSCT remission, had a higher 5-year overall survival
rate compared with those who only achieved chemotherapy
remission (57 and 40%, respectively) (30). Chemotherapy
cannot completely eliminate quiescent leukemia cells and
minimal residual disease was still present (31,32). In the
present study, although the expression of CCDC26 could
not fully return to normal levels, it significantly decreased
compared with that in patients with an initial diagnosis
of AML. However, during the transplantation process,
pretreatment with high-dose chemotherapy can eliminate
a number of quiescent leukemia cells in the bone marrow.
Studies have also reported that donor lymphocytes can play
a graft-vs.-leukemia role (33-35). In the present study, the
expression of CCDC26 following transplantation was lower
compared with that in patients with an initial AML diagnosis,
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and returned to normal levels. These data indicated that
CCDC26 could have a clinical therapeutic effect.

A large number of clinical trials and retrospective studies
have reported that the 5-year survival rates for patients with
AML with poor-risk stratification are 2-14% (36-39). In the
present study, the expression level of CCDC26 in patients with
AML with poor/intermediate-risk stratification were higher
compared with that in healthy individuals, while the expres-
sion in patients with AML with favorable-risk stratification
was at a normal level. Furthermore, the prognosis of patients
with AML with relapsed or refractory AML is poor, and the

3-year overall survival is estimated at <10% (40,41). It was
indicated that the expression of CCDC26 in relapsed patients
was significantly higher compared with that in patients with
an initial AML diagnosis. These findings suggested that
CCDC26 can serve as an indicator of risk stratification in
AML.

In order to further investigate the functions of CCDC26,
co-expression and PPI networks were constructed in the
present study, and KEGG pathway analysis was performed.
The analysis revealed that CCDC26 was involved in the
regulation of a number of pathways, including ‘osteoclast
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differentiation’, ‘NOD-like receptor signaling pathway’, ‘meta-
bolic pathways’, ‘ribosome biogenesis in eukaryotes’ and ‘drug
metabolism-cytochrome P450°, which served an important
role in the pathogenesis and progression of AML.

In conclusion, CCDC26 was indicated to be upregulated
in patients with AML, and this upregulation was associated
with the progression of AML and poor prognosis. These
results suggested that IncRNA-CCDC26 may serve as a novel
biomarker for monitoring the progression and predicting the
clinical outcome of patients with AML. However, further
studies are required in order to determine additional biological
characteristics of CCDC26 and their potential involvement in
the underlying mechanisms of AML in larger cohort studies.
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