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Abstract

Background: AML is a common hematological malignancy with poor prognosis,
the pathogenesis is still unclear. IncRNA takes part in occurrence and develop-
ment of AML. This research aims to explore new differentially expressed IncR-
NAs and their effects on AML.

Methods: Database-based bioinformatics analysis was performed to screen dif-
ferentially expressed IncRNA in AML, real-time PCR was used to analyze gene
expression. Kaplan-Meier survival analysis was performed to determine prog-
nostic effect of AC026150.8 in AML. The cell drug resistance experiment was per-
formed to test effect of AC026150.8 on chemo-resistance of AML cells. Catrapid
online software and RNA pull-down, mass spectrometry, western-blot were used
to predict and verify the combination of AC026150.8 and RNA splicing factors.
Results: AC026150.8 was upregulated in AML patients and related to poor
prognosis. High leukocyte counts, FAB classification, MLL-AF9 expression and
NPM1 mutations were associated with high AC026150.8 expression. Upregulated
of AC026150.8 increased the drug resistance of AML cells. AC026150.8 could be
combined with splicing factor PCBP1.

Conclusions: For the first time, our study found that the upregulated AC026150.8
in AML is related to poor prognosis, overexpression of AC026150.8 could increase
drug resistance of AML cells, and confirmed its scaffolding effect in combination
with splicing factors. It is necessary to further study AC026150.8 and its down-
stream target genes to clarify the mechanism of AC026150.8 in AML.
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1 | INTRODUCTION proliferation of myeloid cells. In 2016, 85,000 patients
died of AML worldwide, the number is anticipated to be
doubled by 2040." Although the conventional chemother-

apy and hematopoietic stem cell transplantation (HSCT)

Acute Myeloid Leukemia (AML) is a common, highly ag-
gressive hematological tumor, characterized by abnormal
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treatment strategies have made great progress in recent
decades, due to the enhancement of drug resistance and
high recurrence rate after chemotherapy, long-term sur-
vival rate are not significantly improved.>* At present, tar-
geted drug development has also made some progress, but
only three kinds of drugs (FLT3 inhibitors, IDH2 mutation
inhibitors and KMT2A rearrangement inhibitors) targeted
at coding gene abnormalities have been recommended
by the 2017 European Leukemia Network (ELN), the in-
ternational expert consensus on the diagnosis and man-
agement of adult AML and the National Comprehensive
Cancer Network (NCCN) clinical practice guidelines,*”
therefore, it is urgent to explore molecular mechanisms
of AML and new therapeutic targets to improve clinical
prognosis of AML. In view of the high degree of heteroge-
neity of AML, about half of AML patients do not harbor
protein-coding genes or genetic abnormalities.® Focusing
on the abnormality of coding genes alone cannot fully
clarify the mechanism of occurrence and development of
AML. Therefore, we paid more attention to non-coding
RNA (ncRNA), which accounts for the vast majority
(about 97%) of the human genome. Inhibitors of ncRNA
(antisense oligonucleotides, double-stranded RNA, inter-
fering RNA) are easily obtainable and can quickly prevent
or enhance the function of ncRNA, serving the purpose of
treating tumors,” thus seeking potential therapeutic tar-
gets among ncRNAs is a new approach in tumor thera-
peutic area.

Long noncoding RNA (IncRNA) is a type of ncRNA
with over 200 nucleotides. The mechanisms of IncRNA
mainly involve epigenetic/transcriptional regulation,
chromatin modification, acting as sponges for miRNA,
and as molecular scaffold recruiting proteins.® Plenty of
researches have shown that IncRNA is involved in the oc-
currence of AML, but current researches on its biological
role in AML is mostly focused on the former three.”! It
is rarely reported that IncRNA acts as molecular scaffold
recruiting proteins in AML progression. The molecular
scaffolding function of LncRNA refers to that IncRNA,
as a structural component, brings proteins of same func-
tion close to each other through the scaffolding action to
form a nucleic acid-protein complex, thereby to carry out
biological functions more efficiently. It is well known that
proteins can function as molecular scaffolds.'? In contrast,
RNA exhibits more advantages as scaffolds, for that RNA
molecules do not require a translation step, and are capa-
ble of capturing multiple proteins at the same time'* and
functionate immediately after transcription.** In view of
the wide existence of IncRNAs and the fast-acting scaffold-
ing characteristics of IncRNAs, exploring the scaffolding
functions of IncRNAs is particularly important for study-
ing the molecular mechanisms of disease occurrence and
development. The molecular scaffold role of LncRNA has
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been investigated in non-hematological tumors. NEAT1,
GCAWKR, HOXA11-AS, and other IncRNAs can act as
molecular scaffolds to recruit histone methyltransferases
and chromatin regulatory factors, forming complexes to
regulate tumor biology process.”*” However, IncRNA as
a molecular scaffold is rarely reported in AML.

In this study, we dug out a novel differentially regu-
lated IncRNA-AC026150.8 in AML through database
based bioinformation analysis. AC026150.8 was located
on Chromosome 15:30,540,093-30,545,969 and Ensembl
Gene ID of that is ENSG00000260693. AC026150.8 has
not been studied in any tumor in the past. We will explore
the expression, prognostic impact, drug resistance and the
scaffolding function of AC026150.8 in AML.

2 | METHODS

2.1 | Data collecting and processing

A dataset of 173 AML samples from the TCGA database,
along with clinical survival data, and a dataset of 337 nor-
mal samples from the GTEx database were obtained from
the Xena Functional Genomics Explorer (https://xenab
rowser.net/). AML-M3 samples were excluded. Samples
with incomplete clinical information were eliminated.
Totally, 138 cases of AML were collected from TCGA da-
tabase. The raw data was transformed to Exp-count for-
mat. The EdgeR package (DESeq2) in R Bioconductor was
applied to analyze the data on a local computer for dif-
ferentially expressed genes (DEGs). DEGs was annotated
with GENECODE v23 version. The significant difference
was defined as: |log2 fold changel(FC) > 2 and adjusted
p-value (p-adj) < 0.01. Then, univariate cox analysis was
applied to test the relationship between gene expres-
sion and prognostic risk with p < 0.05 as the significance
threshold. Beta > 0 (HR > 1) indicated a poor prognosis.
Gene Expression Profiling Interactive Analysis (GEPIA)
online software based on the Cancer Genome Atlas
(TCGA), was applied to further verify our analysis.

2.2 | Clinical samples

One hundred and three bone marrow samples from AML
patients and 18 samples from healthy donors were en-
rolled between January 2016 and July 2020. The diag-
nosis of AML was made according to French American
British (FAB) and 2019 World Health Organization
(WHO) criteria. The clinical data including age, gender,
white blood cell (WBC), risk stratification and French-
American-British (FAB) classification was collected.
Patients’ risk stratification were based on the NCCN
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Guidelines version 1.2021 Acute Myeloid Leukemia
(age > 18 years). All patients included were newly diag-
nosed and did not receive any treatment before sampling.
This study was reviewed and approved by the Medical
Ethics Committee of Shengjing Hospital of China
Medical University. All samples used in our study were
clinical waste samples after testing, and the clinical in-
formation of the patients is obtained from the electronic
medical record. Application for exemption of informed
consent has been approved by the ethics committee.

2.3 | Cell culture

AML cell line KG-1 and K562 cells were purchased
from Procell Life Science & Technology Co., Ltd. KG-1
and K562 cells were respectively cultured in Iscove's
Modified Dulbecco's Medium (IMDM) medium
(Gibco) and Roswell Park Memorial Institute (RPMI)
1640 medium (Gibco), with 10% fetal bovine serum
(FBS, Hyclone), 100 U penicillin and 100 mg/ml strep-
tomycin (Gibco@) at 37°C in a humidified atmosphere
of 5% CO,.

2.4 | Overexpression vector construction,
siRNA synthesis, and infection

For AC026150.8 overexpression, the sequence was
synthesized and subcloned into pcDNA3.1 (pc-
ACO026150.8). The empty plasmid pcDNA3.1 was used
as control. Specific small interfering RNA (siRNA)
targeting AC026150.8 mRNA (si-AC026150.8, Sense
5'-ACAAGGUGGUGGAGACAUUTT-3’, Antisense 5’-AA
UGUCUCCACCACCUUGUTT-3’) and negative control
(si-NC, Sense 5-UUCUUCGAACGUGUCACGUTT-3’,
Antisense 5-ACGUGACACGUUCGGAGAATT-3") were
synthesized by Sangon. Cell transfection was performed
using Lipofectamine 3000 (Invitrogen) according to the
manufacturer's protocol. After 48 h (AC026150.8 overex-
pression) or 24 h (AC026150.8 knockdown), the incuba-
tion media were removed and the cells were harvested for
further experiments.

2.5 | RNA extraction and real-time PCR

Total mRNA was extracted with TRIZOL (Invitrogen).
Complementary DNA (cDNA) was synthesized using a
PrimeScript™ RT reagent kit (TAKARA) with mRNA
as the template. Real-time PCR was performed on an
ABI Prism 7500 detection system (Applied Biosystems)
by using TAKARA SYBR Premix Ex Taq™ II kits

(TAKARA) in a 20 pl reaction (2 pl of template cDNA,
2 pl of 5 pmol/L each primer, 10 pl of 2x SYBR Green
Master Mix, 0.4 pl of ROXII, and 5.6 pl of ddH,0).
Primer sequences for AC026150.8 were Forward:
5'-CAGTCTCACCTTCCAGCGA-3" and Reverse: 5'-AC
CAGTAGTCAGGACGGCTC-3’; the internal reference
gene was glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), and the primer sequences were Forward:
5'-GAAGGTCGGAGTCAACGGAT-3" and Reverse: 5'-CC
TGGAAGATGGTGATGGGAT-3'. The PCR cycling pa-
rameters were as following: predenaturation at 95°C for
30 s, 45cycles of denaturation at 95°C for 5 s, and an-
nealing at 60°C for 20 s. Relative levels of AC026150.8
were calculated according to the AACt method.'®

2.6 | IC50 and cytotoxicity analysis

To detect the cytosine arabinoside (Ara-C) resistance in
KG-1 and K562 Cells, cells were seeded in 96-well plate,
divided into six groups, with five wells in each group
and 100 pl medium per well containing 5 x 10° cells.
Ara-C was added immediately after cell inoculation.
The final concentrations of Ara-C for KG-1 cell were 0,
0.625, 1.25, 2.5, 5, 7.5 pmol/L, and the final concentra-
tions of Ara-C for K562 cell were 2.5, 5, 10, 20, 45, 90,
180 pmol/L. After 48 h, CCK-8 detected cell viability.
Cell growth inhibition rate was determined as follows:
(control group absorbance — experimental group ab-
sorbance)/(control group absorbance — blank group
absorbance) X 100%. The median inhibitory concentra-
tion (IC50) of Ara-C was calculated by SPSS software. In
order to detect the effect of AC026150.8 on cytotoxicity,
the experiment was divided into six groups (cell group,
cell + Ara-C group, negative control group, negative
control + Ara-C group, overexpression or knockdown
AC026150.8 group, over-expression or knock-down
AC026150.8 + Ara-C group). After transfected with
pc-AC026150.8 for 48 h or with si-AC026150.8 for 24 h,
KG-1 or K562 cells were received Ara-C treatment at
concentration of their respective IC50, and then, for
48 h later, cell viability was detected.

2.7 | Identification of AC026150.8
binding proteins

The sequence of AC026150.8 was obtained from UCSC
Genome database (http://genome.ucsc.edu/) and put
into catRAPID omics tools (http://service.tartaglial
ab.com/) for binding protein prediction,19 then, pre-
dicted protein and binding sites of protein/RNA were
downloaded.
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2.8 | RNA pull-down assays

Pierce Magnetic RNA-Protein Pull-Down Kit (Thermo
Fisher) was used for RNA pull-down assays. In vitro tran-
scribed (IVT) RNA probes for pull-down assays were pre-
pared with AmpliScribe™ T7 High Yield Transcription Kit
(Epicentre). In brief, 1 x 10’ cells were collected and washed
in cold phosphate-buffered saline. The cell pellets lysed in 1ml
IP lysis buffer, and centrifuged at 12,000 g for 15 min at 4°C
to collect the supernatant. Second, 50 il washed streptavidin
magnetic beads incubated with 5 pg biotinylated IVT IncRNA
or its antisense RNA for 30 min at room temperature with agi-
tation. Then, probes coated beads incubated with 500 pl cell
lysis supernatant for 1 h. The beads were washed briefly with
wash buffer for five times and elutioned. The bound protein to
the RNA were analyzed by mass spectrometry.

2.9 | GO and pathway analysis

To analyze functions and pathways of the proteins inter-
acting with AC026150.8, we performed Gene Ontology
(GO) and Pathway analysis with David database (https://
david.ncifcrf.gov/tools.jsp). The p-value denotes the sig-
nificance of GO/Pathway terms enrichment in the genes.
The lower the p-value, the more significant the GO/
Pathway Term was. Terms containing 10 or more genes
with a p-value <0.05 was considered interested terms.

210 | Western-blot analysis

After quantification by the BCA method, the bound pro-
tein to the RNA was electrophoresed on a 10% SDS-
polyacrylamide gel, and then transferred to a polyvinylidene
fluoride (PVDF) membrane (Millipore). The membrane
was blocked with 5% skimmed milk in PBST containing
0.1% Tween-20 for 60 min and combined with the main
rabbit anti-FUS or PCBP1 Antibody (FUS, abs137868,
1:1000, Absin; PCBP1, 14523-1-AP, 1:1000, Proteitech) and
mouse anti-GAPDH Antibody (sc-365062, 1:10,000, Santa
Cruz Biotechnology) overnight at 4°C, and then combined
with secondary polyclonal goat anti-rabbit/mouse HRP-
conjugated antibody (ZDR-5306/5307, 1:2500, ZSGB-bio)
for 2 h at room temperature. Use the enhanced function to
visualize the signal Chemiluminescence (ECL, Millipore)
reagents. GAPDH was used as a loading control.

2.11 | Statistical analysis

All statistical analyses were performed with GraphPad
Prism 6.0 (GraphPad software) and data were presented
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as mean + standard error. We repeated all experiments at
least three times. Differences between groups were ana-
lyzed via Student's ¢ test and differences among three or
more groups were analyzed via one-way analysis of vari-
ance (ANOVA) followed by Bonferroni's multiple com-
parison. Non-parametric test was used to compare the
differences in groups with unequal variances. Survival
analysis was performed using Kaplan-Meier analysis. The
association between AC026150.8 expression and age/gen-
der and WBC count were analyzed by Pearson's chi-square
test. The relation between AC026150.8 expression and
French-American-British (FAB) category and risk strati-
fication were analyzed via likelihood ratio chi-square test.
P < 0.05 was considered statistically significant. *p < 0.05,
**p < 0.01, **p < 0.001.

3 | RESULTS
3.1 | Screening the different LncRNA in
AML

To identify potential IncRNA biomarkers, we compared the
AML patients in TCGA cohort with normal samples from
the GTEx cohort. A total of 60,498 genes were obtained.
After filtered by absolute FC > 2 and p-adj < 0.01, 12,027
DEGs were screened out, of which 3038 genes were IncRNA,
including 1187 LincRNAs. By using univariate cox analysis,
152 LincRNAs were identified as prognosis associated dif-
ferentially expressed IncRNAs (p < 0.05), among them, 36
LincRNAs were Upregulated (FC > 2) and poor prognosis
(Beta >0 or HR > 1) (File S1). After taking intersection with
GEPIA online software (http://gepia.cancer-pku.cn/), only
two up-regulated (FC > 2) with poor prognosis LincRNAs
were left, KIAA0125 and AC026150.8. AC026150.8 was
a new IncRNA locating on chromosome 15:30,540,093-
30,545,969 that had never been reported yet. The Ensembl
Gene ID of AC026150.8 was ENSG00000260693, and the
Transcript ID of that was ENST00000562992.1.

3.2 | Analysis of AC026150.8 expression
and prognosis with Gepia software

Gepia online software was used to predict the expression
and prognosis of AC026150.8 in AML. AC026150.8 was
dramatically increased by proximately 45 times in the AML
group comparing with the normal group. AC026150.8
was also increased in Kidney Chromophobe, Kidney
renal clear cell carcinoma and Pheochromocytoma and
Paraganglioma. But in other cancers included in Gepia,
the expression of AC026150.8 is lower than in the normal
group (Figure 1A).
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Overall survival (OS) analysis was performed by
Survival Plots Analysis on GEPIA website based on gene
expression. The high AC026150.8 group had a shorter OS
(median, p < 0.05; Figure 1B).

3.3 | Correlation analysis between
clinicopathological characteristics of AML
patients and AC026150.8 expression

Gene expression levels of AC026150.8 were detected
with real-time quantitative PCR on bone marrow tis-
sues from 103 AML patients and 18 healthy donors.
Our results showed that AC026150.8 was upregulated in
AML patients compared to normal controls (Figure 2A).
According to FAB criteria, AML patients were divided to
M1, M2, M3, M4 and M5. AC026150.8 was significantly
increased in M1, M2, M4 and M5,when compared with
normal controls (p values were 0.0043, <0.0001, <0.0001,
<0.0001, respectively), but no significant difference was
observed between M3 and normal controls (p > 0.05)
(Figure 2B). In order to explore whether the expression

Open Access.

of AC026150.8 is related to abnormal monocyte develop-
ment, the AC026150.8 expression was compared between
M1 and M2 patients and M4 and M5 patients, and the re-
sult showed that the AC026150.8 expression of M4 and
M5 patients was significantly higher than that of M1 and
M2 patients (p = 0.0015; Figure 2C).

According to NCCN guidelines of AML, risk stratifi-
cation was classified as favorable, intermediate, and poor
based on cytogenetics and molecular genetics of AML
patients. To clarify the relationship between AC026150.8
expression and risk stratification, the AC026150.8 expres-
sion was evaluated among patients with different risk
stratification. AC026150.8 was highly expressed in all the
three risk groups (p < 0.05), but no significant difference
was found among these different risk groups (p > 0.05;
Figure 2D).

To investigate the correlation between AC026150.8
expression and clinical characteristics, AML patients
were divided into low AC026150.8 group (n = 50, fold-
change > median) and high AC026150.8 group (n = 53,
fold-change < median). Our result demonstrated that
most newly diagnosed patients with high white blood cell
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TABLE 1 Correlation analysis between clinicopathological characteristics of AML patients and AC026150.8 expression

Parameters
Age (years)
<60
=60
Gender
Male
Female
WBC (x10"9/L)
<10
=10
Blast in BM
<50%
>50%
FAB classification
M1
M2
M3
M4
M5
M6/M7
Fusion gene
WT
RUNX1-RUNX1T1
MLL-AF9
CBFB-MYHI11
PML-RARa
DEK-CAN
Risk category
Favorable
Intermediate
Poor
TP53 mutation
WT
Mutation
CEBPA mutation
WT
Single allelic mutation
Biallelic mutation
ITD mutation
WT
<50%
>50%
NPM1 mutation
WT

80
23

53
50

44
59

41

18

30

66
22

= O W W

57
30
16

101

88

82
18

81

ZHANG ET AL.
AC026150.8 expression
Low (50) High (53) OR 95% CI p-Value
50 53
42 38 2.072 0.7903-5.434 0.1341
8 15
23 30 0.653 0.3001-1.421 0.2819
27 23
28 16 2.943 1.309-6.616 0.0081
22 37
21 16 1.675 0.7433-3.772 0.2118
29 37
7 1 — — <0.0001
26 15
5 1
6 12
6 24
0 0
28 38 — — 0.0419
13 9
0 3
2 1
5 1
1 0
30 27 — — 0.6523
13 18
7 8
48 53 0.475 0.3872-0.5834 0.2332
2 0
42 46 — — 0.0625
1 5
7 2
42 40 — — 0.1393
8 10
0 3
45 36 2.444 1.104-5.413 0.0063

(Continues)
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TABLE 1 (Continued)

AC026150.8 expression
Parameters n Low (50) High (53) OR
Mutation 22 5 17
DNMT3A mutation
WT 86 44 42 1.450
Mutation 17 6 11
TET2 mutation
WT 89 42 47 0.826
Mutation 14 8 6
WT1 mutation
WT 91 47 44 2.066
Mutation 12 3 9
NRAS mutation
WT 920 46 44 1.661
Mutation 13 4 9
TKD mutation
WT 95 49 46 4.126
Mutation 8 1 7
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95% CI p-Value
0.7373-2.850 0.2316
0.4988-1.367 0.4886
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TABLE 2 Correlation analysis between FAB classification and
0.8 expression

Comparison of

two groups OR 95% CI p-Value
M1 versus M2 4.038 0.452-36.068 0.359
M1 versus M3 1.400 0.070-28.120 1.000
M1 versus M4 14.000 1.385-141.485 0.030"
M1 versus M5 28.000 2.869-273.276 0.001"
M2 versus M3 0.347 0.037-3.253 0.617
M2 versus M4 3.467 1.078-11.147 0.033"
M2 versus M5 6.933 2.314-20.774 <0.001™"
M3 versus M4 10.000 0.944-105.921 0.061
M3 versus M5 20.000 1.954-204.728 0.006"
M4 versus M5 2.000 0.531-7.539 0.302

*p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 3 Correlation analysis between fusion gene and
AC026150.8 expression

Comparison of two

groups OR 95% CI p-Value

WT versus 0.51 0.1910-1.359  0.175
RUNX1-RUNX1T1

WT versus MLL-AF9 1.079 0.99-1.176 0.266

WT versus 0.368 0.032-4.268 0.816
CBFB-MYH11

‘WT versus PML-RARa 0.147
WT versus DEK-CAN 0.966

0.016-1.332 0.134
0.901-1.034 0.433

RUNX1-RUNXI1T1 1.333 0.962-1.848 0.096
versus MLL-AF9

RUNX1-RUNX1T1 0.722 0.057-9.217 1.000
versus
CBFB-MYHI11

RUNX1-RUNXI1T1 0.289 0.029-2.908 0.375
versus PML-RARa

RUNX1-RUNXI1T1 0.929 0.803-1.074 1.000
versus DEK-CAN

MLL-AF9 versus 4 0.733-21.838  0.400
CBFB-MYH11

MLL-AF9 versus 4 0.733-21.838  0.048"
PML-RARa

MLL-AF9 versus — — 0.250
DEK-CAN

CBFB-MYH11 versus 0.4 0.016-10.017  1.000
PML-RARa

CBFB-MYH11 versus 0.667 0.300-1.484 1.000
DEK-CAN

PML-RARa versus 0.833 0.583-1.192 1.000
DEK-CAN

*p < 0.05

(WBC) count were more likely to show high expression of
AC026150.8 (p = 0.0081) (Table 1; Figure 3D). Moreover,
ACO026150.8 expression was strongly correlated with FAB
classification (p < 0.0001). Compared with patients with
M1, M2, and M3, high AC026150.8 expression was more
frequently observed in M4 and M5 patients (Tables 1 and
2; Figure 3F). AC026150.8 expression was also associated
with fusion gene (p = 0.0419). Compared with PML-RARa
positive patients, high expression of AC026150.8 was
more often observed in patients with MLL-AF9 (Tables 1
and 3; Figure 3G). However, the expression of AC026150.8
was not related to age (p = 0.134), gender (p = 0.282), the
number of blast cells in the bone marrow (p = 0.212)
or risk category (p = 0.652) in AML patients (Table 1;
Figure 3A-C,E). To explore the relationship between
AC026150.8 expression and gene mutation, we analyzed
the correlation between common gene mutations in AML
and AC026150.8 expression (Figure 4). Our result showed
that NPM1 was associated with upregulated AC026150.8
(Figure 4D).

3.4 | Kaplan-Meier survival analysis
for the prognosis of AC026150.8

All 56 patients received conventional chemotherapy
for AML. Kaplan-Meier survival analyses results indi-
cated that the high AC026150.8 group had a shorter OS
(p = 0.0393; Figure 5A). The recurrence-free survival of
patients with high AC026150.8 trended to decrease, but
the survival curve was not significantly different between
the high and low AC026150.8 groups (p > 0.05; Figure 5B).

Then, Kaplan-Meier analysis of OS was also performed
in patients with differential expression of AC026150.8 in
different risk groups. The result showed that patients with
high expression of AC026150.8 had a shorter OS in both
favorable and intermediate risk groups (Figure 6A,B), but
the difference was not statistically significant. In the poor
risk group, no such trend was observed (Figure 6C). This
may be due to too few samples in this group that can be
followed up for prognosis. From the above, we speculated
that high expression of AC026150.8 indicate a worse prog-
nosis in patients with the same risk stratification, espe-
cially in favorable and intermediate risk groups.

3.5 | Overexpression of AC026150.8
increased Ara-C resistance in KG-1 and
K562 cells

The expression of AC026150.8 was significantly increased
after pc-AC026150.8 transfection. After treating with
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different increasing concentrations of Ara-C to KG-1
(0.625-7.5 pmol/L) and K562 (2.5-180 pmol/L) cells for
48 h, cell viability was measured by CCK8 assay, and the
result showed that the inhibitory effect on cell viability
was dose-dependent (Figure 7). The IC50 of Ara-C in KG-1
cells was 3.13 pmol/L, and in K562 cells was 26.68 pmol/L
calculated by SPSS software. Overexpression or knock-
down of AC026150.8 has no effect on cell activity, but af-
fects the drug sensitivity of cell to Arc-C in both KG-1 and
K562 cells (Figure 8). In KG-1 cells, when compared with
NC + Ara-C group, cell inhibition rate in over-expression
AC026150.8 + Ara-C group was significantly reduced after
treating with Ara-C at IC50 (p < 0.05) (Figure 8A). But
this difference was not shown in K562 cells (Figure 8C). In
both KG-1 and K562 cells, when compared to NC + Ara-C
group, cell inhibition rate in si-AC026150.8 + Ara-C group
was significantly increased after treating with Ara-C at
IC50 (p < 0.05) (Figure 8B,D).

3.6 | AC026150.8 interacts with
alternative splicing-related proteins

Diogo M Ribeiro et al. used bioinformatics methods to
predict the potential molecular scaffold functions of
many IncRNAs and found that AC026150.8 may have the
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ability of recruiting proteins as molecular scaffolds, but
not experimentally verified.”* We predicted the proteins
that may bind to AC026150.8 using catRAPID website
(http://service.tartaglialab.com/page/catrapid_omics_
group), and verified by RNA pull-down experiment and
mass spectrometry analysis. Eighty-four interacting
proteins of AC026150.8 were screened out by RIP assays
and mass spectrometry analysis. Gene Ontology analysis
were performed to explore possible relationship between
biological functions and the interacting proteins of
AC026150.8. Three types of sub-analysis were included
in GO analysis: biological process (BP), cellular com-
ponent (CC), and molecular function (MF). According
to p value, the interacting proteins of AC026150.8
were mainly enriched in RNA splicing (GO:0000375,
G0:0000377, G0O:0000398, G0O:0008380) (Figure 9A);
for the GO cellular component analysis, were mainly
enriched in nucleus (GO:0005634), ribonucleopro-
tein complex (G0:1990904) and spliceosomal complex
(G0:0005681) (Figure 9B); and for GO molecular func-
tions analysis, were mainly enriched in RNA binding
(G0:0003723), nucleic acid binding (G0O:0003676) and
structural molecule activity (G0O:0005198) (Figure 9C).
KEGG pathway analysis indicated that these interact-
ing proteins are mostly enriched in the RNA splicing
pathway (Figure 9D). Based on the website prediction
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FIGURE 5 Kaplan-Meier analysis of OS and recurrence-free
survival (RFS) in group of patients with differential expression
of AC026150.8. (A) OS of patients with differential expression of
AC026150.8. (B) RFS of patients with differential expression of
AC026150.8

results and mass spectrometry results, we selected two
proteins FUS RNA Binding Protein (FUS) and splicing
factor—poly(rC)-binding protein 1 (PCBP1) for Western
blot verification. The result confirmed that AC026150.8
can bind to the PCBP1 (Figure 10).

4 | DISCUSSION

AML is a highly heterogeneous hematological malignancy
maintained by long-term abnormal proliferation of imma-
ture myeloid cells. The poor prognosis of AML patients
and relapse induced by drug resistance prompted us to
find novel treatments and sensitive biomarkers. LncRNA
is involved in a variety of biological processes in multi-
ple tumors, leading to metastasis and affecting prognosis
of patients. With the development of next-generation se-
quencing technology, it is easier to screen out dysregulated
IncRNAs. LncRNAs may become a new set of potential
biomarkers for diagnosis, prognosis and treatment moni-
toring of acute leukemia. However, only a few abnormally
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FIGURE 6 Kaplan-Meier analysis for OS on patients with
differential expression of AC026150.8 in favorable risk group (A),
intermediate risk group (B) and poor risk group (C), respectively

expressed IncRNAs have been reported to play regulatory
roles in AML progression, and the mechanism of IncR-
NAs participating in occurrence and development of AML
is still unclear.

AC026150.8 is a newly selected IncRNA from da-
tabase and it has not been studied in any tumor. We
found from TCGA database and Gepia online software
that AC026150.8 has abnormally increased expression
in AML, and the increased expression of AC026150.8
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is associated with poor prognosis. Consistently with
bioinformatics analysis results, we also observed that
the expression of AC026150.8 was significantly higher
in the bone marrow of AML patients than that in nor-
mal controls, and elevated AC026150.8 expression was
associated with the OS of AML patients. Additionally,
AC026150.8 expression was associated with leuko-
cyte count, FAB classification and fusion genes. It has
been generally believed that elevated leukocyte count
is a poor risk factor in AML.?>"** Patients with high
expression of AC026150.8 are usually accompanied by
high white blood cell count at diagnosis, suggesting
that high expression of AC026150.8 is associated with
poor prognosis. Compared with patients with M1, M2,

and M3, the high expression of AC026150.8 was more
often observed in M4, M5 patients, which suggested
that the expression of AC026150.8 might be related to
abnormal development of monocytes. AML-M4 and
-M5 belong to acute myelomonocytic leukemia, which
is a unique subtype of AML. Studies have shown that
patients with M4 and M5 have poor prognosis, which
is usually associated with gene rearrangements (such
as MLL gene rearrangements) and gene mutations.?***
Our study showed that the expression of AC026150.8 in
three patients with MLL gene rearrangement was high.
AML patients with MLL-AF9 have poor prognosis, im-
plying the high expression of AC026150.8 was associ-
ated with worse prognosis. There was no difference in
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the expression of AC026150.8 between M3 patients and
the normal controls, suggesting that AC026150.8 did not
participate in the abnormal development of promyelo-
cytic cells in M3 patients. We also found that, the high
expression of AC026150.8 was more frequently observed
in patients with NPM1 mutation. Boissel et al. showed
that NPM1 mutation positive patients with normal
karyotypes are often associated with high white blood
cell counts and involvement of monocytic lineage (M4/
M5),> which is consistent with our results. However,
NPM1 mutations usually indicate good prognosis, that
is different from our results. Due to the limitation of
sample size, we are temporarily unable to analyze the
effects of upregulated and downregulated AC026150.8
on the prognosis of patients with NPM1 mutations. In
order to further clarify whether AC026150.8 could be an
indicator of prognostic stratification for patients with
NPM1 mutations, larger studies are needed.

Risk stratification of AML from NCCN guidelines can
help us judge the prognosis of patients and guide the treat-
ment. However, the therapeutic effects of patients in the
same risk stratification vary markedly, indicating the un-
derlying heterogeneity within the same risk stratification
group.?®?” Our result showed that patients with high ex-
pression of AC026150.8 had a shorter OS in both favorable
and intermediate risk groups, but the difference was not
statistically significant. This may be caused by the small
sample size after patient stratification. In spite of that, the
trend of the difference is obvious and clear. This indicated
that AC026150.8 may lead to worse prognosis in patients
with the same risk stratification, especially in favorable
and intermediate risk groups. One thing to note is that,
the expression of AC026150.8 was closed in the favorable
and poor risk group. We reputed one reason is that, it is
not suitable to use the expression of AC026150.8 alone
for indicating risk stratification, but feasible for precise
stratification based on stratification. Another is that, the
sample size was small, especially in the poor risk group.
In the future, we will increase the sample size for further
research.

Our study showed that AC026150.8 is related to the
resistance of AML cells. Overexpression of AC026150.8
increased the resistance of AML cells to Ara-C, while
knocking down AC026150.8 increased the sensitive of
AML cells to Ara-C. A number of studies have shown that
a variety of LncRNA can enhance the drug resistance of
AML cells,®®* and the AC026150.8 was firstly brought
into sight. Some scholars have studied the expression of
gene RNA related to the metabolism and transport of cy-
tarabine to predict the response of cytarabine in acute my-
eloid leukemia, but IncRNA has not been studied.*

For many years, the standard chemotherapy regi-
men for AML has always been a combination of Ara-C
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and anthracyclines (the “3 + 7” regimens, 3 days of an-
thracyclines and 7 days of cytarabine) in the induction
phase, followed by high-dose cytarabine for consolidation
phase.*"** Cytarabine has always been the cornerstone of
the regimen throughout the treatment of AML. For the
3 + 7 regimen, the dose of anthracycline in AML has
reached its plateau (60-90 mg/m?), the improvement of
induction results depend on the dose adjustment of Ara-
C. A study has shown that high-dose cytarabine in induc-
tion treatment produces higher remission and survival
rates than standard-dose cytarabine, especially in adult
patients younger than age 46 year with acute myeloid leu-
kemia.>® However, more scholars believe that high-dose
cytarabine increased treatment-related toxicities.**** In
view of this, the usage of high-dose Ara-C for induction
remains controversial. The current researches on the
dosage of cytarabine for induction were based on the age
stratification. Our study provided a possibility for the ap-
plication of high-dose cytarabine from a molecular point
of view, that is, due to overexpression of AC026150.8 in-
creased the resistance of AML cells to Ara-C, we inferred
that high-dose cytarabine would be more useful for pa-
tients with high expression of AC026150.8.

Most reports on IncRNAs are describing the sponge
role through combining with miRNA in Arc-C resis-
tance.>¢3® However, other mechanisms of IncRNA involv-
ing in resistance have not been reported. Our research
showed that AC026150.8 has a scaffolding effect, which
was partially verified and supplemented the result of
Diogo M Ribeiro et al. It can recruit splicing factors, and
we speculate that AC026150.8 performs abnormal splic-
ing on its target genes to make leukemia cells resistant to
drugs. AC026150.8 is expected to become a new target for
solving AML relapsed drug resistance, but this needs fur-
ther verification in the future.

In conclusion, this analysis revealed the differentially
regulated IncRNAs expression profiles in adult AML and
provided a poor prognostic assessment by AC026150.8.
AC026150.8 is a novel IncRNA with scaffolding function
that can increase drug resistance of AML cells. This study
provides further insight into the molecular aspects of
AML.
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