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Abstract

It was previously reported that PRR34-AS1 was overexpressed in some solid tumors.
PRR34-AS1 promoter was shown to have a differential methylation region (DMR),
and was hypomethylated in acute myeloid leukemia (AML). Therefore, the present
study used real-time quantitative PCR (RQ-PCR) to explore the expression charac-
teristics of PRR34-AS1 in AML. In addition, the correlation between the expression
of PRR34-AS1 and clinical prognosis of AML was determined. The findings of this
study indicated that high PRR34-ASI expression was bound up with shorter overall
survival (OS) in AML patients (p = 0.002). Moreover, patients with high expression
of PRR34-ASI had significantly lower complete remission (CR) rate compared with
those with low expression of PRR34-AS1 after induction chemotherapy. Furthermore,
multivariate analysis confirmed that PRR34-AS1 expression was an independent fac-
tor affecting CR in whole-AML, non-APL-AML, and CN-AML patients (p = 0.032,
0.039, and 0.036, respectively). Methylation-specific PCR (MSP) and bisulfite se-
quencing PCR (BSP) were used to explore the methylation status of PRR34-AS1I.
PRR34-AS1 promoter showed a pattern of hypomethylation in AML patients com-
pared with normal controls (p = 0.122). Notably, of whole-AML and non-APL-AML
patients, PRR34-ASI hypomethylated patients presented a significantly shorter OS
than those with a hypermethylated PRR34-AS1 (p = 0.010 and 0.037, respectively).
Multivariate analysis confirmed that the hypomethylation of PRR34-AS! served as
an independent prognostic indicator in both whole-cohort AML and non-APL-AML
categories (p = 0.057 and 0.018, respectively). In summary, the findings of this study
showed that abnormalities in PRR34-AS1 are associated with poor prognosis in AML.
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1 | INTRODUCTION

Acute myeloid leukemia (AML) presents with features of
the accumulation of myeloid leukemia cells in bone marrow
(BM), blood, and other tissues, The disease mainly results
in poorly differentiated erythrocytes, platelets, and white
blood cells (WBC) in the BM.! In addition, AML can occur
at all ages although the incidence rate is highest in the elderly
(>60 years).2 Cytogenetic analysis has been conventionally
used to study the molecular pathogenesis of leukemia for
more than 50 years since the 1960s.* In addition, cytogenetic
findings are reported to be important diagnostic and prog-
nostic markers.* However, almost half of AML patients have
normal karyotypes. Advances in targeted sequencing tech-
nology have led to the identification of some genetic muta-
tions such as FLT3, NPM 1, KIT, CEBPA, and TET?2 in AML.
Most previous studies mainly focused on protein-coding
genes to explore the molecular genetic changes and identify
the prognostic markers of AML.® However, the molecular
mechanisms underlying the occurrence and development of
AML have not been fully elucidated due to the high degree
of heterogeneity in the disease.”™ Therefore, exploring the
pathogenesis of AML is important for the development of
better treatment strategies and for improving the prognosis
of patients.

Abnormal regulation of long non-coding RNAs (In-
cRNAs) was involved in each stage of tumor occurrence,
development, and rnigration.10 Moreover, genome-wide as-
sociation studies (GWAS) on tumor samples showed that
numerous IncRNAs are associated with various types of
cancer.'" LncRNAs play a significant role in promoting or
inhibiting the development of AML.® Carcinogenic IncRNAs
include H19,'*" HOTAIR,'*'® and PVT-1'"'® whereas
tumor-suppressing IncRNAs include NEAT] 1920 IRAIN !
and MEG3.2*

PRR34 antisense RNA 1 (PRR34-AS1) was shown to be
upregulated in hepatocellular carcinoma and pediatric me-
dulloblastoma.”>**® In addition, cholangiocarcinoma patients
with high expression of PRR34-ASI were reported to have
a shorter disease-free survival (DFS). Analysis of possible
mechanism showed that PRR34-AS1 acted through the JAK-
signal transducer and activated the transcription of factors
in the JAK-STAT pathway.27 Furthermore, PRR34-AS1 was
shown to exert its effects through the JAK-STAT signal-
ing pathway after total knee arthroplasty (TKA) ischemia/

Therefore, monitoring this index may be important in the prognosis of AML and can

provide information on effective chemotherapy against the disease.

acute myeloid leukemia, DNA methylation, expression, IncRNAs, prognosis, PRR34-AS1

reperfusion (I/R) injury.28 The differential methylation region
(DMR) in the PRR34-AS1 promoter was reported to be hy-
pomethylated in AML.* However, the direct role and clini-
cal significance of PRR34-AS1 expression in AML have not
been fully elucidated. Moreover, PRR34-AS1 promoter meth-
ylation status and its clinical correlation with AML should
be explored. Therefore, the present study sought to explore
the expression and methylation characteristics of PRR34-AS1
and their clinical significance in AML.

2 | MATERIALS AND METHODS

2.1 | Patients’ samples

A total of 84 newly diagnosed AML adult patients and
29 healthy controls from our hospital were enrolled in this
study. Participants provided written informed consent prior
to the study and ethical approval was obtained from the hos-
pital's ethical committee. Diagnosis and classification of
cases in the study were performed based on the 2016 World
Health Organization (WHO) criteria. The treatment protocol
is listed in Table S1.

2.2 | Real-time quantitative PCR

Bone marrow mononuclear cells (BMMNCs) were obtained
using density gradient centrifugation. Total RNA was ex-
tracted from BMMCs. Reverse transcription of RNA was per-
formed to generate cDNA,* following a protocol described
previously.’! Real-time quantitative PCR (RQ-PCR) was
used to determine the expression levels of PRR34-AS1 in the
BMMNC:s. The following upstream and downstream primer
sequences were used to determine the expression levels of
PRR34-AS1;  5-GAGGCCATCTTTGGAAAGTAAA-3’
and 5’-AACGATGTGAGCCGAGCA-3’, respectively. RQ-
PCR was conducted using a 20 pl reaction volume contain-
ing 20 ng of cDNA, 0.8 uM of primers, 6 ul of H,O, 10 uM
of SYBR Premix TB Green (Takara), and 0.4 uM of ROX
Reference Dye II (Takara). RQ-PCR reaction conditions
were as follows; 95°C for 30 s followed by 40 cycles of 95°C
for 5's, 61°C for 32 s, finally 95°C for 15 s, 60°C for 60 s,
95°C for 15 s, and 60°C for 15 s. Each test included a nega-
tive control and positive control, and false positives and false
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negatives were excluded, respectively. ABLI was used as the
internal reference gene, and PRR34-AS1 transcript levels in
various samples were determined using the 2~**“T method.

2.3 | DNA isolation, bisulfite
modification, and methylation-specific PCR

Genomic DNA was extracted from samples obtained
from AML patients, AML culture cells, and normal con-
trols using the Genomic DNA Purification Kit (Gentra).
Genomic DNA was modified using the CpGenome DNA
modification kit (Chemicon). Methylation-specific PCR
(MSP) was used to explore the methylation status of the
PRR34-AS1 promoter. Forward and reverse primer se-
quences used for methylated PRR34-AS1 (M-PRR34-AS1)
were 5’GGAAATGTTTAGGTCGAGGC-3’ and 5’-CACA
CATCAAAACGAAAACG-3’, respectively. Upstream and
downstream primer sequences for unmethylated PRR34-AS1
(U-PRR34-ASI)were;5’-TATGGAAATGTTTAGGTTGAG
GT-3° and 5-CACACACATCAAAACAAAAACAA-3’,
respectively. The reaction conditions were as follows; 95°C
for 30 s followed by 40 cycles of 95°C for 5 s, 61°C for 32 s,
72°C for 30 s, and 78°C for 32 s. PRR34-AS1 methylation
levels were then calculated using the 2 ~22CT method.

2.4 | Bisulfite sequencing PCR

Bisulfite sequencing PCR (BSP) was used to explore the
density of methylation in PRR34-ASI and evaluate the ac-
curacy of MSP. Notably, investigating differential methyla-
tion through BSP is a key step in the analysis of epigenetic
data.? Upstream and downstream primer sequences for
BSP were; 5’-TTGGTATGGGAGGAGTTAAGTT-3’ and
5’-AAATCCCAACAACCATATACAA-3’, respectively. The
reaction conditions of BSP were pre-denaturation (98°C for
10 s), denaturation (98°C for 10 s), annealing (61°C for 30 s),
elongation (72°C for 30 s), and enzyme inactivation (72°C
for 7 min). The number of cycles was set at 40. After purifi-
cation and recovery, the recombinant vector was constructed
using the pMD®19-T vector (Takara), then transfected into
DH5a competent cells (Vazyme Biotech Co.) for cloning.
Sequences of six independent clones from each specimen
were verified (BGI Gene Technology Co., Ltd.).

2.5 | Gene mutation detection

LightScanner software was used to design specific primers
for gene hot spots. High-resolution melt analysis (HRMA)
was used to examine mutations in N /K-RAS, IDHI/2,
DNMT3A, U2AFI, NPMI, and C-KIT.**>® Mutation and
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mutation type were determined by observing the melting
curve and Tm shift. Direct DNA sequencing was used to as-
sess mutations in CEBPA and FLT3-ITD,” and to verify all
positive specimens.

2.6 | Bioinformatics analyses

PRR34-AS1 mRNA expression (RNA Seq V2 RSEM) and
methylation (HM450) data were retrieved from a cohort of
200 AML patients in the Cancer Genome Atlas (TCGA)5 and
downloaded through the cBioPortal tool (http://www.cbiop
0rtal.org).38’39 GenomicScape (http://genomicscape.com/)
webserver was used for GEP analysis to further verify the re-
lationship between the expression levels of PRR34-ASI and
prognosis of AML. Differential methylation analysis was
accomplished by the Disease Meth version 2.0 tool (http://
www.bio-bigdata.com/diseasemath/analysis.html).

2.7 | Statistical analysis

Data analysis was conducted using SPSS version 22.0 soft-
ware (SPSS) and GraphPad Prism 8.0. Mann—Whitney
U test was used to perform comparisons between con-
tinuous variables. Comparison between the two groups of
categorical variables was conducted using the Pearson's
chi-square analysis test or the Fisher exact test. Receiver
operating characteristic (ROC) curve and area under the
ROC curve (AUC) were used to explore differences in lev-
els of PRR34-AS1 methylation between AML patients and
controls. Survival analysis was conducted using Kaplan—
Meier survival estimates. Cox regression analysis was per-
formed to evaluate the effect of expression and methylation
of PRR34-AS1 on the clinical outcomes of AML patients.
Finally, the Spearman's rank correlation analysis was used
to examine the correlation between the two groups of vari-
ables (expression and methylation of PRR34-AS1 in AML
patients). A p value <0.05 was considered to be statisti-
cally significant (bilateral).

3 | RESULTS

3.1 | Associations between the expression of
PRR34-AS1 and clinical as well as laboratory
characteristics in AML patients

Expression levels of PRR34-AS1 in AML patients were
determined using RQ-PCR. Analysis showed that the tran-
script levels of PRR34-AS1 ranged from 0.000 to 20.339
(median 0.613) in 83 newly diagnosed AML patients. To
explore the clinical characteristics of PRR34-ASI, the
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Patient's parameters

Sex, male/female

Median hemoglobin, g/L (range)
Median age, years (range)
Median WBC, x10°/L (range)
Median platelets, x10%/L (range)
BM blasts, % (range)

FAB subtypes
MO
M1
M2
M3
M4
M5
M6

Karyotype classification

Favorable

Intermediate

Poor

No data
Karyotype

Normal

t(8;21)

t(15:17)

1(9;22)

+8

=7/7q—

complex

others

No data
Gene mutation

CEBPA (+/-)

NPM1 (+/-)

FLT3-ITD (+/-)

C-KIT (+/-)

NI/K-RAS (+/-)

IDHI/2 (+/-)

DNMT3A (+/-)

U2AFI (+/-)
CR (+/-)

NAN ET AL.

Low (n = 41)
20/21

77 (34-141)
48 (22-84)

6.9 (0.3-140.2)
25 (3-144)
42.5 (3-91.0)

0 (0%)

1 (2.4%)
15 (36.6%)
11 (26.8%)
5(12.2%)
1 (2.4%)

0 (0%)

13 31.7%)
24 (58.5%)
4(9.8%)

0 (0%)

20 (48.8%)
3(7.3%)
10 (24.4%)
0 (0%)

0 (0%)

1 (2.4%)
3(7.3%)
4(9.8%)

0 (0%)

3/32
4/28
3/29
2/30
0/24
0/32
2/30
0/32
24/9

High (n = 42)
28/14

80 (49-131)

60 (29-85)

27.65 (0.8-528.0)
49 (9-415)

37 (6.5-97.5)

1 (2.4%)

1 (2.4%)
15 (35.7%)
3(7.1%)

9 (21.4%)
7(16.7%)
1 (2.4%)

6 (14.3%)
32 (76.2%)
1 (2.4%)

3 (7.1%)

24 (57.1%)
2 (4.8%)
3(7.1%)

1 (2.4%)

2 (4.8%)

0 (0%)

1 (2.4%)

6 (14.3%)
3(7.1%)

4/22
3/23
5/21
0/26
2/21
1/25
2/24
1/25
13/22

p value
0.101
0.600

<0.001
0.041
0.004
0.212
0.028

0.043

0.093

0.689
>0.999
0.446
0.497
0.234
0.448
>0.999
0.448
0.004

Abbreviations: BM, bone marrow; CR, complete remission; FAB, French—American—British; WBC, white

blood cells.

cohort was group into high and low-expression groups
using the median value of the level of expression as the cut-
off. The findings showed that high expression of PRR34-
AS1 was associated with higher levels of WBC (p = 0.041),
platelets (p = 0.004), and older age (p < 0.001, Table 1).

TABLE 1 Comparison of clinical
manifestations and laboratory features
between AML patients with low and high
PRR34-AS1 expression

Moreover, there was a significant difference in the clas-
sification of karyotypes between the groups (p = 0.043).
In addition, the frequency of favorable karyotypes in the
high PRR34-AS1 expression group was relatively lower
compared with the level for the low-expression group;
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however, the difference was not significant (14% vs. 32%,
p = 0.059; Table 1).

3.2 | Association between the expression of
PRR34-AS1 and efficacy of chemotherapy in
AML patients

Analysis showed that patients with high expression of
PRR34-AS1 had a lower CR rate compared with those with
low expression of the gene [37.1% (13/22) vs. 72.7% (24/9),
p =0.004, Table 1]. In addition, expression levels of PRR34-
AS1 were analyzed in patients with CR and those without CR
after induction chemotherapy. Analysis showed that non-CR
patients had significantly higher levels of PRR34-AS1 com-
pared with patients with CR (p = 0.03; Figure 1A). Further,
differences in clinical characteristics of AML patients with
and without CR were explored. The findings showed that pa-
tients in the non-CR group were older, had high expression
levels of PRR34-AS1 and higher levels of WBC and platelets
compared with patients with CR (p = 0.010, 0.003, 0.009,
and 0.004, respectively; Table 2). Moreover, the analysis
showed a significant decrease in the frequency of favorable

karyotypes in the non-CR group compared with the CR group
(9.7% vs. 40.5%, p = 0.005; Table 2).

Furthermore, logistics regression analysis further showed
that PRR34-AS1 expression could serve as an independent
factor affecting CR in patients with whole AML, non-APL-
AML, and CN-AML (Table 3).

3.3 | Association between the expression of
PRR34-AS1 and outcomes in AML patients

The median overall survival (OS) time for all AML patients
was 10 months (range 1-90 months). Kaplan—-Meier sur-
vival analysis showed that AML patients with high expres-
sion of PRR34-AS1 had a significantly shorter OS than those
with low expression of PRR34-AS1 (p = 0.002; Figure 1B).
To further explore the effect of PRR34-AS1 expression on
OS in AML patients, data from Gene Expression Omnibus
(GEO; accession number GSE68833) were analyzed using
GenomicScape online tool and similar results were obtained
(Figure 1C). Cox regression analysis showed that high ex-
pression of PRR34-AS1 was not an independent risk factor
for OS in whole-AML patients (Table 4).
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FIGURE 1 Predictive value of PRR34-AS1 expression on CR rate and OS in AML patients. (A) Expression of PRR34-AS1 in CR and non-CR

AML patients receiving induction therapy. (B) Overall survival (OS) of the whole cohort of AML patients. (C) Prognostic value of PRR34-AS1
expression for OS in whole AML patients from TCGA database (GSE68833, n = 183). (D, E) PRR34-AS1 expression level in AML patients and
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Patient's parameters Non-CR (n = 31) CR (n =37) p value
PRR34-AS1 expression 1.2 (0-20.3) 0.3 (0-18.3) 0.003
Sex, male/female 21/10 18/19 0.143
Median hemoglobin, g/L (range) 80 (49-138) 80 (34-131) 0.810
Median age, years (range) 60 (22-81) 48 (24-77) 0.010
Median WBC, x109/L (range) 38.7 (0.9-185.4) 9.1 (0.8-528.0) 0.009
Median platelets, X109/L (range) 42 (9-415) 32 (3-192) 0.004
BM blasts, % (range) 37.75 (6.5-92) 37 (3.0-97.5) 0.143
FAB subtypes 0.038

MO 1 (3:2%) 0 (0%)

M1 2 (6.5%) 0 (0%)

M2 13 (41.9%) 15 (40.5%)

M3 2 (6.5%) 11 (29.7%)

M4 8 (25.8%) 6 (16.2%)

M5 5(16.1%) 2 (5.4%)

M6 0 (0%) 1(2.7%)
Karyotype classification 0.005

Favorable 3(9.7%) 15 (40.5%)

Intermediate 22 (71%) 21 (56.8%)

Poor 4 (12.9%) 0 (0%)

No data 2 (6.5%) 1(2.7%)
Karyotype 0.016

Normal 18 (58.1%) 16 (43.2%)

t(8;21) 0 (0%) 5 (13.5%)

t (15;17) 2 (6.5%) 10 (27%)

t(9;22) 1(3.2%) 0 (0%)

+8 1 (3.2%) 1 (2.7%)

—7/7qg- 1 (3.2%) 0 (0%)

complex 3(9.7%) 0 (0%)

others 3(9.7%) 4 (10.8%)

No data 2 (6.5%) 12.7%)
Gene mutation

CEBPA (+/-) 3/20 4/24 >0.999

NPM1 (+/-) 3/20 3/25 >0.999

FLT3-ITD (+/-) 4/19 3/25 0.687

C-KIT (+/-) 0/23 2/26 0.495

NIK-RAS (+/-) 2/18 0725 0.192

IDH1/2 (+/-) 1722 0728 0.451

DNMT3A (+/-) 2/21 2/26 >0.999

U2AFI (+/-) 1/22 0/28 0.451

Abbreviations: BM, bone marrow; CR, complete remission; WBC, white blood cells.

3.4 | Association between the expression of
PRR34-AS1 and methylation of its promoter
in AML

Analysis using GSE24006 and GSE63270 data sets showed
high expression levels of PRR34-AS1 in both data sets

TABLE 2 Comparison of clinical
manifestations and laboratory features
between CR and non-CR in AML patients
receiving induction therapy

(Figure 1D,E). The methylation status of the PRR34-ASI
promoter was determined to further explore whether changes
in PRR34-AS1 methylation affected its expression. MSP and
BSP primer sets were designed and verified on the CpG is-
land of the PRR34-ASI promoter region (Figure 2A). The
methylation level of PRR34-ASI was then determined
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TABLE 4 Univariate and multivariate
analyses of prognostic factors for overall

Multivariate survival in whole-AML patients
Univariate analysis analysis
Variables HR (95% CI) p value HR (95% CI) p value
WBC 2.514 (1.380-4.582) 0.003 2.218 (1.221-4.029) 0.009
Age 2.754 (1.494-5.075) 0.001 1.173 (0.545-2.528) 0.683
PRR34-ASlexpression  2.447 (1.313-4.559) 0.004 1.573 (0.821-3.017) 0.172
Karyotype risk 2.054 (1.401-3.011)  <0.001 2.070 (1.351-3.170)  <0.001
CEBPA mutation 1.123 (0.389-3.247) 0.830 — —
NPM1 mutation 1.522 (0.579-3.999) 0.394 — —
FLT3-ITD mutation 1.113 (0.426-2.912) 0.827 — —
¢-KIT mutation 1.241 (0.167-9.202) 0.833 — —
DNMT3A mutation 1.228 (0.371-4.070) 0.737 — —

Note: Variables including age (<60 vs. <60 years), WBC (>30 x 10° vs. <30 x 10°/L), PRR34-AS1 expression
(low vs. high), karyotype risk (favorable vs. intermediate vs. poor), and gene mutations (mutant vs. wild type).
Multivariate analysis includes variables with p < 0.200 in univariate analysis.

Abbreviations: CI, confidence interval; HR, hazard ratio, WBC, white blood cells.
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FIGURE 2 Validation of the methylation of PRR34-AS1 in AML. (A) A schematic diagram of the CpG island in the promoter region of
PRR34-AS1. Vertical bars indicate CpG dinucleotides. Short horizontal lines represent corresponding positions amplified by MSP and BSP primers.
The figure was generated using cpgplot (http://emboss.bioinformatics.nl/cgi-bin/emboss/cpgplot) and Methyl Primer Express V1.0 software. TSS:
transcription start site; MSP: methylation-specific PCR; BSP: bisulfite sequencing PCR. B: Methylation levels of PRR34-AS1 in the control group
and AML patients were determined by MSP. (C) Methylation density of PRR34-AS1 detected by BSP. The white cycle indicates unmethylated CpG
dinucleotides whereas the black cycle represents methylated CpG dinucleotides P1 and P2: unmethylated AML patients; P3 and P4: methylated
AML patients; P4 and P5: controls. (D) Methylation status of PRR34-AS1 promoter (CpG island) was analyzed using Disease Meth version 2.0

tool (http://www.bio-bigdata.com/diseasemeth/analyze.html). (E) Correlation analysis between PRR34-AS1 gene expression and its methylation in
AML patients was analyzed using data from the TCGA database. Spearman test was used for correlation analysis


http://emboss.bioinformatics.nl/cgi-bin/emboss/cpgplot
http://www.bio-bigdata.com/diseasemeth/analyze.html

NAN ET AL. o o 5291
Cancer Medicine “WI LEYJ—
fOpen Access)
(A)" (®)" ©) |
P=0.010
] 08 0.8
B
3
©
os 06 S oeq
= o 2
2 s =
D - ©
047 @ 0.4+ 5
g 1 PRR34-AS1 methylation (n = 49)
AUC = 0617 AUC = 0.639 o 0.2
9/ = ) —( X = = . -
02| SOWCI=0:013-0:122; :+0.060 0.2+ 95% CI=0:529°0,119:P=10.032 PRR34-AS1 unmethylation (n = 35)
0.0
T T T T T T T
0. T T r . o : : . 0 20 40 60 80 100 120
o0 o o4 oe o¢ e L 0.2 24 28 98 1e Overall Survival (months)
1-Specificity 1--Specificity
(D) (E) (F)
1.0 1.0 1.0
pP=0.037 l P=0.248 E\\ P =0.001
. 0.8 0.8 0.8
z 2 g \
‘§ 0.6-1 ‘§ 0.6 -g 0f \uﬁ
e = = 3}
= s T S, PRR34-AS1 methylation (n = 97)
2 2 2 L
> > e— >
5 o4 5 o4 | ) 5 o4
7] @ L+ PRR34-AS1 methylation (n = 14) 7]
£ N : £ L £
PRR34-AS1 methylation (n = 32
3 1 ylation (i ) = 3
027 %=1 021 PRR34-AS1 unmethylation (n = 97)
004 PRR34-AS1|unmethylation (n = 27) 0o PRR34-AS1 'unmethylation (n = 15) 0.01

T T T T T T T T T T
0 20 40 60 80 100 120 0 20 40

Overall Survival (months)

Overall Survival (months)

T T T T T T T T T T T
60 80 100 120 0 20 40 60 80 100 120

Overall Survival (months)

FIGURE 3 Effect of aberrant methylation of PRR34-AS1 on the prognosis of AML. (A, B) A ROC curve of the clinical value of PRR34-
AS1 abnormal methylation in AML. (A) All AML patients; (B) non-APL-AML patients; AUC, area under the ROC curve; non-APL, non-acute
promyelocytic leukemia; (C-E) effect of PRR34-AS1 methylation on OS in AML. Patients were classified into PRR34-AS1 hypomethylated and
hypermethylated groups based on ROC curve analysis. (C) whole-cohort AML patients. (D) non-APL-AML patients. (E) cytogenetically normal
AML (CN-AML) patients. (F) Effect of PRR34-AS1 methylation on OS using TCGA database. One hundred and ninety-four AML patients were
grouped into hypomethylated and hypermethylated groups based on the median level of PRR34-ASI methylation, and survival analysis was

conducted

through MSP in 84 AML patients and 29 normal controls.
Analysis showed that PRR34-AS1 was hypomethylated
in AML although there was no significant difference with
normal control (p = 0.122; Figure 2B). Subsequently, two
normal controls, two PRR34-ASI-hypermethylated AML
patients, and two PRR34-AS1-unmethylated AML patients
were randomly selected to verify the MSP results through
BSP (Figure 2C). The unmethylated patients showed a com-
pletely unmethylated state in AML whereas hypermethyl-
ated patients and normal controls showed a higher density of
methylation. Moreover, the degree of methylation in hyper-
methylated patients was lower compared with that in normal
controls (Figure 2C). This implied that the results were con-
sistent with MSP results. DiseaseMeth version 2.0 was used
to determine the trend in the methylation of PRR34-AS1 pro-
moter (CpG island) in AML. The results revealed that AML
patients had significantly lower PRR34-AS1 methylation lev-
els than the controls (Figure 2D). Furthermore, Spearman's
rank test was used to analyze the correlation between the
methylation and expression of PRR34-AS1 in AML patients

using the TCGA data sets. The findings showed that there
was a significant negative correlation between the methyla-
tion and expression of PRR34-ASI (R = —0.236, p = 0.027,
n = 168; Figure 2E). This finding implies that the aberrant
methylation of PRR34-AS1 may be an important mechanism
for regulating its expression in AML.

3.5 | Association between PRR34-
AS1 methylation and different clinical
parameters in AML patients

The ROC curve was plotted to evaluate the diagnostic value
of PRR34-AS1 methylation in AML. The results showed
that the PRR34-AS1 methylation level may be a potential
marker for distinguishing AML (especially non-APL-AML)
patients from normal controls (95% CI = 0.513-0.722,
p=0.060, AUC =0.617; 95% CI = 0.529-0.749, p = 0.032,
AUC = 0.639; Figure 3A,B). Patients were then divided into
PRR34-AS1 hypermethylated group and hypomethylated
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group based on ROC analysis in order to explore the re-
lationship between PRR34-ASI methylation and different
clinical parameters in AML. Analysis showed no signifi-
cant differences between the levels of methylation and gen-
der, age, hemoglobin, platelets, and BM blasts between

the two groups (p > 0.05; Table 5). Similarly, PRR34-
AS1 methylation showed no significant correlation with
eight genetic mutations (p > 0.05; Table 5). However, pa-
tients with hypomethylated PRR34-AS1 had a higher WBC
count (p = 0.006) and showed a low frequency of favorable

TABLE 5 Comparison of clinical characteristics between PRR34-AS1 hypomethylated and PRR34-AS1 hypermethylated group

Patient's parameters

Sex, male/female
Median hemoglobin, g/L (range)
Median age, years (range)
Median WBC, x10°/L (range)
Median platelets, x10°/L (range)
BM blasts, % (range)
FAB subtypes
MO
Ml
M2
M3
M4
M5
M6
Karyotype classification
Favorable
Intermediate
Poor
No data
Karyotype
Normal
t(8;21)
t (15;17)
t(9;22)
11923
—5/5q—
=7/7q—
complex
No data
Gene mutation
CEBPA (+/-)
NPM1 (+/-)
FLT3-ITD (+/-)
C-KIT (+/-)
NIK-RAS (+/-)
IDHI/2 (+/-)
DNMT3A (+/-)
U2AF1 (+/-)
CR (+/-)

Hypermethylated (n = 49)
24/25

76 (32-138)

52 (18-83)

9.4 (0.3-107.0)

34 (5-234)

50 (1-94)

0 (0%)

4 (8.2%)
15 (30.6)
14 (28.6%)
11 (22.4%)
3(6.1%)

2 (4.1%)

18 (36.7%)
18 (36.7%)
10 (20.4%)
3(6.1%)

15 (30.6%)
5(10.2%)
13 (26.5%)
0 (0%)

1 (2%)

1 (2%)
3(6.1%)

2 (2.4%)

9 (18.4%)

6/38
2/42
3/41
2/42
3/41
5/44
2/37
1/38
18/21

Hypomethylated (rn = 35)
20/15

78 (42-135)

57 (20-85)

35.6 (0.9-528)

52 (9-264)

35 (5.5-99.0)

1 (2.9%)

2 (5.7%)
15 (42.9%)
6 (17.1%)
6 (17.1%)
4 (11.4%)
1 (2.9%)

7 (20%)
23 (65.7%)
4 (11.4%)
1(2.9%)

16 (45.7%)
1(2.9%)

6 (17.1%)
2(5.7%)

0 (0%)

0 (0%)

1 (2.9%)

6 (17.1%)
0 (0%)

3/27
2/28
2/28
1/29
2/28
2/28
1724
2/24
917

Abbreviations: BM, bone marrow; CR, complete remission; FAB, French-American—British; WBC, white blood cells.

p value
0.511
0.969
0.162
0.006
0.211
0.485
0.621

0.071

0.065

0.731
>0.999
>0.999
>0.999
>0.999
0.161
>0.999
0.562
0.154
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karyotypes compared with hypomethylated group [28%
(7125), p = 0.071; Table 5].

3.6 | Association between PRR34-
AS1 methylation and clinical outcomes in
AML patients

Correlation analysis was performed between PRR34-
AS1 methylation and clinical outcomes to explore the value
of PRR34-AS1 methylation in the prognosis of AML pa-
tients. Analysis methylation levels were not significantly
correlated with CR of AML patients. Interestingly, OS of pa-
tients with hypomethylated PRR34-AS1 was shorter than that
of patients with hypermethylated PRR34-AS1 in the whole-
cohort AML and non-APL-AML (p = 0.010, Figure 3C;
p = 0.032; Figure 3D). Similar results were obtained through
the analysis of the TCGA data sets (p < 0.001; Figure 3F).
Moreover, Cox proportional hazards model supported that
the hypomethylation of PRR34-AS1 was an independent risk
factor for OS among whole-AML and non-APL-AML pa-
tients (Table 6).

4 | DISCUSSION

AML is a complex disease with high heterogeneity at the
molecular level and in clinical symptoms.40 Most of the
previous studies largely focused on protein-coding genes as
key components of disease progression. A few studies have
explored the role of non-coding genes in the progression of
AML. Studies report that IncRNAs have a diagnostic value
and prognostic potential in several types of cancer, including
AML."

The present study explored the correlation between
PRR34-AS1 expression and prognosis of AML. Kaplan—
Meier analysis showed that OS in AML patients with
higher PRR34-AS1 transcript level was significantly shorter
compared with that of patients with low expression levels.
Notably, high heterogeneity of AML may interfere with ef-
fective diagnosis, prognosis, and identification of predictive
biomarkers.* Analysis of GEO and TCGA data sets showed
a significant increase in the expression of PRR34-ASI in
BM specimens of AML patients. In addition, patients with
high expression of PRR34-AS1 had a significantly shorter
OS than the low expression group. However, Cox analysis
showed that PRR34-AS1 expression was not an independent
factor affecting OS in AML patients. This finding implies
that multiple molecular mechanisms may contribute to the
differential expression of PRR34-AS1, and PRR34-AS1 may
be involved in the early stages of AML disease progression.
A previous study by Kang et al. used array comparative
genomic hybridization to explore copy number variation

(CNV) in PRR34-AS1. The findings for the study showed
that an increased copy number of PRR34-AS1 was correlated
with early recurrence and poor DFS in cholangiocarcinoma
patients.27 Findings of the present study showed that high ex-
pression of PRR34-AS1 was associated with a reduced CR
rate. Multivariate analysis further showed a significant cor-
relation between the high expression of PRR34-AS1 and low
CR in AML patients. This suggested that high PRR34-AS1
expression may be one of the related factors contributing to
the poor efficacy of chemotherapy in AML patients. These
findings demonstrated that high PRR34-AS1 expression may
be associated with poor chemotherapeutic efficacy and poor
prognosis in AML patients. Notably, minimal residual dis-
ease (MRD) monitoring helps evaluate the efficacy of induc-
tion therapy and for monitoring the early recurrence of AML,
to allow the adjustment of treatment strategies. However,
there were fewer patients with serial samples in this study,
the role of PRR34-AS1 expression in MRD monitoring and
recurrence of AML was not explored. Further studies with
a longer follow-up and a bigger sample size should explore
the role of PRR34-AS1 expression in MRD monitoring and
recurrence of AML.

Previous studies report that epigenetic disorders play
a vital role in the pathogenesis of AML. DNA methyla-
tion can be used as an epigenetic modification to regulate
gene expression.43 In this study, MSP and BSP were used
to detect and verify the levels of methylation in the DMR of
PRR34-AS1. The relationship between the methylation lev-
els of PRR34-AS1 and the expression of this gene was also
explored. Analysis showed that the DMR of PRR34-ASI
displayed a pattern of hypomethylation, compared with the
controls; however, there was no significant difference be-
tween the two groups. Spearman correlation analysis showed
that PRR34-AS1 hypomethylation was associated with its
expression. This finding implies that hypomethylated DMR
of PRR34-ASI may be an important regulatory mechanism
for the expression of PRR34-AS1 in AML. The effect of
the abnormal methylation of PRR34-ASI on the prognosis
of AML was explored. The findings showed that the hy-
pomethylation of PRR34-AS1 was correlated with a shorter
OS of AML patients. Furthermore, multivariate analysis ver-
ified that PRR34-AS1 hypomethylation was an independent
risk factor for OS. However, the small sample size used in
the study may have resulted in relative errors in the results.
These results should, therefore, be verified using larger sam-
ple sizes. Similar results were obtained from analysis using
DiseaseMeth version 2.0 and TCGA database. The findings
showed a significant decrease in the methylation level of
PRR34-AS1 promoter in AML and the short OS for patients
with hypomethylated PRR34-AS1 compared with hypermeth-
ylated patients.

Two major hypomethylating agents (HMAs), decitabine
and azacytidine, have been used clinically for the treatment
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of elderly AML patients not suitable for or decline intensive
remission therapy. However, primary or secondary failure oc-
curs in about 80% of treated patients.44 Although reactivated
tumor suppressor genes have been supposed as the major an-
tileukemic mechanism of HMAs, there is a concern that spe-
cific oncogenes will also be reactivated by demethylation.45
Preliminary findings of the current study show that PRR34-
AS1 may be an oncogenic IncRNAs. However, the exact role
of PRR34-AS1 in leukemogenesis should be explored further.
Moreover, further studies should explore whether PRR34-
AS1 can be reactivated after treatment with HMA and the
impact of its reactivation.

Although the present study uncovered some insightful
findings, it had a number of shortcomings. First, the clin-
ical sample size was small included patients with normal
karyotypes and related gene mutations. Second, RQ-PCR
and other detection methods used in the study are less
accurate than high-throughput sequencing. Additionally,
the experimental results were not verified through cell
function experiments. Moreover, this was a preliminary
study on the relationship between PRR34-AS1 and AML.
Therefore, more studies should be conducted to verify
the results and uncover the underlying mechanisms of
PRR34-AS1.

In summary, the findings of this study show that high
PRR34-AS1 expression may be associated with poor chemo-
therapeutic efficacy and poor prognosis in AML patients. In
addition, higher expression of PRR34-AS1 was associated
with the hypomethylation of its promoter, and hypometh-
ylation of PRR34-ASI may affect the prognosis of AML
patients.
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