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Abstract

Objectives: To investigate the correlation of homeobox (HOX) transcript antisense

RNA expression with clinicopathological features and the clinical prognosis of the

patients with chromosome 12p abnormalities associated acute myeloid leukemia

(AML). We also investigate the association of 12p chromosomal on the expression of

HOTAIR, miRNA‐193a, and c‐kit gene as targeting genes for HOTAIR in AML.

Methods: AML patients with 12p chromosomal abnormalities were recruited

and compared to AML with other chromosomal abnormalities rather than 12p.

The long noncoding RNA (lncRNA) “HOTAIR,” miR‐193a, and c‐Kit genes

expression were measured in bone marrow samples using Syber green based

real‐time polymerase chain reaction.

Results: We found a significant difference for the expression levels of HOTAIR,

c‐kit, and miR‐193a between 12p abnormalities associated AML and those without.

The survival analysis revealed that patient's with low expression levels of HOTAIR

and c‐kit had significantly better survival and leukemia free survival. In contrast,

miR‐193a was associated with better overall survival but not leukemia free survival.

Conclusion: 12p abnormalities associated AML were associated with worse

prognosis. Our results proved that HOTAIR, miR‐193a, and c‐kit genes are

independent prognostic predictors in 12p chromosomal associated AML;

therefore it may represent a novel therapeutic application in AML in the future.
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1 | INTRODUCTION

Acute myeloid leukemia (AML) is acknowledged as the
main type of leukemia of adult and old age accounting for
80% of cases in this age group.1 Somatic genetic abnormal-
ities were evident in 30% to 50% of cases of AML.2 Periodic

abnormalities include loss or deletion of chromosome 7, Y, 5,
9 and translocation in different chromosomes.1 Moreover,
some somatic mutations had good prognosis including
t(8;21), (q22;q22) or inv (16) (p13;q22). Poor‐risk patients
have a deletions including chromosome 5 or 7, translocations
in 11q23, or chromosome 3 aberrations.2,3
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One of the prevalent chromosomal aberrations is
aberrations in the short arm of chromosome 12 which
is usually associated with poor prognosis.4,5 The 12p
chromosome aberrations include translocations, dele-
tions, additions and duplications the patients with
small 12p deletions had better prognosis in general
than other 12p aberrations with less incidence of
chromosomal rearrangement. The deletions could not
have specific cytogenetic subgroups or disease specific
changes.4,6 Another form of 12p aberrations is
translocation which is usually associated with loss
and deletions in 12p. The most frequent translocation
is the one involving the ETV6 gene at 12p13 which is
usually translocated including the 5' end of ETV6 with
3' end of the partner. It is usually accompanied by the
deletion of ETV6 in the corresponding allele. t/dic
(12;13) is one of the commonest translocations
representing 20% and usually associated with poor
prognosis. Additions are usually frequent imbalanced
translocations while duplications are described in
benzole agent exposure in one case.4

Homeobox (HOX) transcript antisense RNA (HO-
TAIR) is long noncoding RNA that is located on
chromosome 12, and it is responsible for inhibition of
multiple genes through activation of polycomb repressive
complex 2 that cause H3K27 methylation. HOTAIR has a
regulatory rule on different biological process includes
proliferation, differentiation, cell cycle, and apoptosis.
HOTAIR is considered as an oncogenic factor. Over-
expression of HOTAIR was associated with high in-
cidence of metastasis in cervical and breast cancer and
poor prognosis in many cancers.7,8 Under expression of
HOTAIR in ovarian tumor cells has antitumorigenesis
and antimetastatic effect.9 Downregulation of HOTAIR
induces apoptosis; inhibit proliferation, and metastasis.10

A study which has explored the role of HOTAIR in AML,
they demonstrated its upregulation in AML.11 HOTAIR
expression in AML was associated with poor outcome
with less survival time. Furthermore, knockdown of

HOTAIR in AML was associated with inhibited cell
proliferation and induced apoptosis.

Another regulatory microRNA for c‐KIT is miR‐193a
which was found to inhibit cell Proliferation and induce
apoptosis by targeting c‐KIT in AML cells.11 A study
found that HOTAIR competitively bind to miR‐193a
which inhibits its action on c‐KIT. Furthermore, HO-
TAIR inhibits expression of miR‐193a thus increasing the
effect of c‐KIT.11 These interactions were found to
explain the relationship of c‐KIT, miR‐193a, and HO-
TAIR Figure 1.

Gao et al found that the expression of miR‐193a was
downregulated in AML. The study suggests the prog-
nostic efficacy of the HOTAIR in AML as regulatory
modulator of different genes.11 Another study found that
HOTAIR is highly expressed in AML patients and
implied its important role for its clinical and pathological
stratifications.12 Moreover, the HOTAIR had poor overall
survival and relapse free survival.13 However, another
study found that there is no prognostic value of HOTAIR
in Iranian patients.14

With this confusing evidence, we have shown the
expression of the lncRNA “HOTAIR” in 12p chromoso-
mal abnormalities associated AML, moreover to correlate
it with miR‐193a and c‐Kit gene expressions. In addition;
to find out the association between HOTAIR/miR‐193a/
c‐Kit regulatory pathway on prognosis and disease
outcome.

2 | METHODS

2.1 | Ethical approval

The study was approved by the ethical committee of
Faculty of Medicine; Ain Shams University. The study
was conducted according to the World Medical Associa-
tion Declaration of Helsinki. A written consent was
obtained from all participants because this was an
observational study and all diagnosis and management

FIGURE 1 Interaction between
homeobox (HOX) transcript antisense
RNA, miR‐193a, and c‐KIT in acute
myeloid leukemia patients
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followed standard of care. Participants were assured that
all information generated in this study remained
confidential. An exclusive identification number was
assigned to each patient at the time of enrolment.

2.2 | Patient enrollment

Bone marrow samples (BM) were collected at diagnosis
from 70 patients with AML; the diagnosis was confirmed
based on morphological, cytochemical, immunopheno-
typing, and cytogenetic basics. According to the Cytoge-
netic results, the participants are categorized into two
subgroups. Thirty AML patients were associated with 12p
chromosomal abnormalities; while, forty patients were
cytogenetic negative or associated with other chromoso-
mal abnormalities rather than short arm of chromosome
12. Minimal residual disease (MRD) was assessed at the
day 15th postinduction for the percentage of BM blasts.
All patients received a standard regimen of induction
chemotherapy consists of vincristine, corticosteroids, L‐
asparginase and anthracycline. After 4 weeks “the end of
induction phase”; the second follow‐up sample was
collected to assess the response to treatment.

2.3 | RNA isolation and purification and
complementary DNA synthesis

The collected BM samples were washed with PBS (pH
7.4) and lysed with TRIzol. MicroRNAs (miRNAs) was
extracted using miRNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer's protocol.
Concentration and purity of extracted RNA was eval-
uated spectrophotometrically at 260 and 280 nm; com-
plementary DNA (cDNA) was synthesized using miScript
II RT Kit (Qiagen, Hilden, Germany).

2.4 | Bioinformatics analysis

In the present study, the association of lncRNA –
HOTAIR with short arm of chromosome 12 abnormal-
ities was investigated using the (http://www.cuilab.cn/
lncrnadisease) and (http://www.cuilab.cn/files/images/
ldd/rnaseq/HOTAIR.txt) long noncoding databases. The
interaction between miR‐193a and HOTAIR was pre-
dicted from the crosslinking immunoprecipitation RNA
sequencing using the starBase platform (http://starbase.
sysu.edu.cn/), Finally, the candidate c‐Kit target gene for
HOTAIR and miR‐193a were predicted using ChIPBase
(http://deepbase.sysu.edu.cn/chipbase/) and further con-
firmed using PubMed (http://www.ncbi.nlm.nih.gov/
pubmed/), (http://oncodb.hcc.ibms.sinica.edu.tw/index.
htm. On the basis of the genomic information that was
collected, the regulatory network of the lncRNA‐

HOTAIR in 12p chromosomal abnormalities was con-
structed by Cytoscape software version 3.5.0 (http://
www.cytoscape.org/index.html).

2.5 | Quantitative real‐time polymerase
chain reaction

Quantitative real‐time polymerase chain reaction (qPCR)
was performed using RT2 lncRNA qPCR primer assays
and RT2 lncRNA qPCR Kit for amplification of human
HOTAIR (Lnc‐RNA HOTAIR, cat no:330701), the Quan-
tiTect primer assay (Hs_Kit quantiTect primer assay, cat
no: 249900, ID: QT01679993), and QuantiTect Syber
green PCR Master mix for amplification of c‐Kit mRNA.
The gene expression was normalized in relation to ACTB
as a housekeeper gene. miR‐193a was amplified using
miScript SYBR Green PCR Kit and miScript primer assay
(Hs_miR‐193a_1 miScript Primer assay; cat no:
Ms00008932); the small nucleolar RNA, C/D box 48
(SNORD48), (NCBI RefSeq: NR_002745.1) was used as a
reference gene. Expression assays were purchased from
Qiagen, Hilden, Germany and conducted on the 5‐plex
Rotor Gene PCR System (Qiagen, Hilden, Germany). The
reaction mixture and the thermal protocol for each target
were performed according to manufacturer's instructions.
Expression levels of tested genes were normalized to the
housekeeper gene.

2.6 | Statistical analysis

Statistical analysis was done using SPSS v.22 (Chicago,
IL).The nonparametric Mann‐Whitney U test and the
Wilcoxon Signed Rank test were performed to evaluate
the differences of Lnc‐HOTAIR, miR‐193a, and c‐Kit
genes expression between 12p chromosomal abnorm-
alities associated AML and 12p negative chromosomal
specimen. Moreover, to assess the correlation of basal
level of Lnc‐HOTAIR, miR‐155, c‐Kit levels at with
patients' clinic‐pathological features. We used Kaplan‐
Meier Survival analysis for comparison of survival
between different groups. Spearman's correlation was
used to assess the expression levels of HOTAIR, miR‐
193a, and c‐kit were correlated with patient outcome.
Significance was set at level less than or equal to 0.05.

3 | RESULTS

3.1 | Patient characteristics

Total of 70 AML patients were enrolled in this study. We
included 30 patients diagnosed as AML with 12p
abnormalities (12p AML) and 40 patients with AML‐
negative for 12p abnormalities (12p negative AML). The
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mean age for 12p AML was 50 with 18 patients aged
above 40 years old. Meanwhile, the mean age for 12p
negative AML was 49.9 with 27 patients aged above 40
years old. The majority of 12p positive AML had a
TLC> 50?000 (n = 11) compared to 12p negative abnorm-
ality AML (n = 4). Furthermore, The AML who are
negative for 12p abnormalities had better survival than
positive cases Table 1. There was a difference between
both groups regarding clinical response; laboratory tests
and status are present in Table 1.

3.2 | Analysis for HOTAIR, miR‐193a,
and c‐Kit between different studied
subgroups and different risk groups

Although, the three studied markers are increase in AML
vs the control group, we had established that 12p AML
had higher log expression of HOTAIR than 12p negative
AML (median = 34.8 vs median = 19.4, P= 0.006)
Table 2. The expression levels of c‐kit were also the
same as HOTAIR (median = 50 vs median = 30.4,
P= 0.001) Figure 2.

In contrast, 12p AML had lower log expression of
miR‐193a than 12p negative AML (median = 2.6 vs
median = 5.2, P= 0.01) Table 2.

3.3 | Analysis for HOTAIR, miR‐193a,
and c‐Kit between different risk groups

In addition, we found significant different levels of
gene expression of HOTAIR, miR‐193a, and c‐Kit
among studied risk groups of 12p abnormalities
positive and negative AML. In case of 12p AML, there
was significantly higher level of log HOTAIR in patient
with TLC more than 5 × 107 cells (P = 0.02). The same
was found for hemoglobin levels in which there was
significantly higher level of log HOTAIR in patient
with hemoglobin levels more than 6 mg/dL (P = 0.04).
The median log HOTAIR expression level was sig-
nificantly higher in platelet count less than 30
(median = 84 (IQR = 42)). moreover, the median log
HOTAIR expression level was significantly higher in
MRD at 15 days more than 0.01 and BM blasts more
than 70 (median = 22 and 80, respectively, P < 0.01)
Table S1. There was no significant difference of the
median log HOTAIR expression level among different
age, sex, or clinical status.

Meanwhile, the gene expression levels of log miR‐193a
was higher in patients with less than 5 × 107 cells
(median = 3.4, P= 0.008). In addition, gene expression
levels of log miR‐193a was higher in patients with
hemoglobin less than 6mg/dL (median = 3.3, P= 0.05)
Table S1. Furthermore, the median log miR‐193a
expression level was significantly higher in platelet count
more than 30 (median = 3.8 (IQR= 2.8), P= 0.01). The
median log miR‐193a expression level was significantly
higher in MRD at 15 days less than 0.01 and BM blasts
less than 70 (median = 4.1 and 4 respectively, P< 0.01)
Table S1. There was no significant difference of the
median log miR‐193a expression level among different
age, sex, or clinical status.

For c‐kit expression levels, we found that it was higher
in hemoglobin less than 6mg/dL (median = 70), platelet
counts less than 30 x1012/L (median = 71), BM blasts

TABLE 1 Descriptive analysis of the studied subjects

Demographic data

AML with 12p
abnormalities
(N= 30)

AML‐negative for
12p abnormalities
(N= 40)

Age, y
Mean ± SD 50.0 ± 14.0 49.4 ± 14.5
Range 28‐73 22‐77

Sex, n (%)
Male 19 (37) 32 (63)
Female 11 (58) 8 (42)

Age subgroups, n (%)
Favorable (=40) 12 (37) 32 (63)
Unfavorable (>40) 18 (51) 27 (49)

TLC (×106/L), n (%)
=50 19 (35) 38 (66)
>50 11 (73) 4 (27)

Hemoglobin (g/dL), n (%)
>6 18 (37) 38 (68)
=6 12 (86) 2 (14)

Platelet count (×1012/L), n (%)
=30 11 (73) 4 (27)
<30 19 (35) 36 (65)

BM blasts, n (%)
=25% 15 (29) 37 (71)
>25% 15 (83) 3 (17)

MRD at day 15, n (%)
=0.01 13 (27) 36 (73)
>0.01 17 (81) 4 (19)

Clinical response, n (%)
Remission 10 (22) 11 (24)
Relapse 5 (15) 36 (78)

Status, n (%)
Died 15 (65) 8 (35)
Alive 15 (32) 32 (68)

Overall Survival (OS)
Median (IQR) 15 (11) 20 (4)
Range 2‐24 5‐24

Leukemia free survival (LFS)
Median (IQR) 8 (10) 16 (1.8)
Range 0.8‐22 0.4‐7.7

Abbreviations: 12p: short arm of chromosome 12; BM, bone marrow; MRD,
minimal residual disease .
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more than 70 (median = 70), MRD at day 15 more than
0.01 (median = 70) and in relapses (median = 64). There
was no significant difference of the median log miR‐193a
expression level among different age or sex.

For patients with 12p negative AML patients, only
miR‐193a was significantly higher in platelet count
more than 30 × 1012, MRD at day 15 less than 0.01 and in
relapse (median= 5.5 (IQR= 4.2), P=0.01), (median= 5.5

TABLE 2 Comparative analysis for HOTAIR, miR‐193a, and c‐KIT between different studied subgroups

Variables

Median (IQR) range Statistics: U Mann‐Whitney test value (P value)

AML
(n= 70)

12p
abnormalities
positive AML
(n= 30)

12p
abnormalities
negative AML
(n= 40)

Control
(n = 20)

AML/
control

12p
abnormalities
positive AML/
control

12p
abnormalities
negative AML/
control

12p
abnormalities
positive/
negative AML

Lnc‐
HOTAIR
(log10)

22 (54.8) 34.8 (66.3) 19.4 (15.4) 8.8 (6.3) 106
(0.001)
*

28 (0.001)* 78 (=0.01)* 370 (0.006)*
6.5‐
133.4

6.5‐133.4 8.8‐113.6 0.8‐18.0

miR‐193a
(log10)

3.3 (4.4) 2.6 (7.7) 5.2 (4.2) 12.8
(12.5)

53.5
(0.001)
*

6.0 (0.001)* 48 (=0.01)* 384 (0.01)*

0.2‐8.5 0.2‐7.9 0.2‐8.5 4.9‐32.0
c‐Kit
(log10)

32.4(25) 50.0 (38) 30.4 (13) 13.4 (7.5) 42
(0.001)
*

2.0 (0.001)* 40 (=0.01)* 235 (0.001)*
8.6‐88.0 22‐88 8.6‐61.0 6.8‐22.0

Abbreviations: 12p, short arm of chromosome 12; AML, acute myeloid leukemia; IQR, interquartile ratio; Lnc, long noncoding; n, number of subjects.
*Mann‐Whitney U test is significant at P= 0.01.

FIGURE 2 Box‐plots illustrating the difference in expression levels of Lac‐HOTSTAR (A) MaR‐193a (B) and C‐kit (C) between with
chromosome 12p abnormalities associated acute myeloid leukemia (AML) and healthy control a high significant difference was obtained
between ML and Control for the three measured parameters (P= 0.01). Moreover when the expression levels were compared between 12p
abnormalities positive and negative AML patients; a high significant difference was observed for Lnc‐HOTSTAR (D) maR‐193a (E) and c‐kit
(F) (P= 0.01) 12p chromosomal abnormalities associated AML patients had higher expression levels of Lnc‐HOTSTAR and c‐kit however;
maR‐193a was downregulated in this group
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(IQR= 4.2), P=0.04), and (median= 53 (IQR= 21),
P=0.001), respectively.

3.4 | Association of HOTAIR, miR‐193a,
and c‐Kit gene expression with overall
survival and leukemia free survival

Generally, log expression levels of HOTAIR, c‐kit and
miR‐193a was significantly correlated with overall
survival and Leukemia free survival (P= 0.001) in AML
patients whether in 12p abnormalities associated AML or
12p abnormalities negative AML. With exceptions in
some patients, It was found that the log expression of
miR‐193a in 12p AML and log expression of c‐kit was not
significantly associated with overall survival and Leuke-
mia free survival Table S2. The log expression of miR‐
193a in 12p negative AML was not significantly
correspond with the overall survival.

To explore the impact of the biomarkers expression
levels on disease outcome in 12p positive abnormities AML;
the cut‐off value for each is determined and Kaplan‐Meier
curve was plotted; we demonstrated that gene expression
values above the cut‐off value of HOTAIR and c‐kit (34.8
and 50); respectively were significantly associated with poor
overall survival and shorter leukemia free survival (LFS)
(P<0.01) Table 3. On opposing; Patients with high miR‐
193a expression more than the cut‐off value (2.6) had
significantly better survival time Figure 3B, but no
difference was observed for LFS Figure 3B.

4 | DISCUSSION

This study was set out with the aim to understand the
genetic and epigenetic interactions underlying the acute

myeloid leukemia associated with 12p chromosomal
abnormalities and how it affects different laboratory
parameters and clinical outcomes in patients of acute
myeloid leukemia (AML).

In our study, we classified our patients into AML with
12p abnormalities and those with no 12p abnormalities,
and then we tested the effect of epigenetic markers
including HOTAIR and miR‐193a on c‐KIT genes in each
type and its impact on clinical outcome.

Per our results, we have revealed a significant
difference for the expression levels of HOTAIR, c‐kit
and miR‐193a between AML patients with 12p
abnormalities and those with no 12p abnormalities.
The level of c‐kit expression was higher in AML
patients with 12p abnormalities and those with no 12p
abnormalities (median = 50.0, IQR = 38) and (med-
ian = 30.4, IQR = 13), respectively. Similar results were
obtained for HOTAIR expression (median = 34.8,
IQR = 66.3) and (median = 19.4, IQR = 15.4). Mean-
while, the expression of miR‐193a was higher in
patients Who were negative for 12p abnormalities than
those with abnormality (median = 2.6, IQR = 7.7) and
(median = 5.2, IQR = 4.2), respectively. Furthermore, a
significant association was observed for HOTAIR, miR‐
193a and c‐Kit genes expression with high risk
subgroups of 12p associated AML including total
leukocytic counts, MRD at day 15, platelets count,
clinical outcomes, BM blasts and hemoglobin levels.
Meanwhile, in 12p abnormalities negative AML, the
gene expression of c‐kit and miR‐193a was significantly
different in MRD at day 15, platelets count and clinical
outcomes.

The survival analysis showed that Patients with low
HOTAIR and c‐kit expression had significantly better
survival and leukemia free survival. In contrast,

TABLE 3 Impact of high/low expression levels of Lnc‐HOTAIR, miR‐193a, and c‐Kit on overall and progression free survival in 12p
abnormalities positive AML

Variables

Overall survival, mo Leukemia free survival, mo

Cut‐off Estimate OS

95% confidence
interval

Log rank
(Mantel‐Cox)

Estimate
LFS

95% confidence
interval

Log rank
(Mantel‐Cox)

Lower Upper χ2 P value Lower Upper χ2 P value

Lnc‐
HOTAIR
(log10)

=34.8 22.8 21.3 24.3 29 0.001 15.3 12.0 18.6 26 0.001
>34.8 7.5 5.3 9.6 3.8 2.7 5.2

miR‐193a
(log10)

=2.6 12.0 8.6 15.4 3.5 0.06 8.7 5.4 12.0 0.08 0.9
>2.6 18.7 14.7 22.7 10.7 7.0 14.4

c‐kit (log10) =50 21.3 18.3 24.0 11.9 0.001 16.6 12.6 20.6 17.5 0.001
>50 9.5 6.7 12.4 5.9 3.0 7.2

Abbreviations: χ2, Chi‐square value, HOTAIR, homeobox (HOX) transcript antisense intergenic RNA; LFS, leukemia free survival; Lnc, long noncoding;
OS, overall survival.

EL‐KHAZRAGY ET AL. | 15293

 10974644, 2019, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcb.28796 by E

gyptian N
ational Sti. N

etw
ork (E

nstinet), W
iley O

nline L
ibrary on [20/11/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



miR‐193a was associated with better overall survival but
not leukemia free survival.

Our study results proved that AML can be classified
into two subgroups based on the presence or absence of
12p abnormalities. 12p abnormalities are common in
hematological pregnancy. In our study, 12p abnormalities
positive patients represents 42% of all cases. There is no
study in literature that compared between 12p abnorm-
alities positive patients to 12p negative AML. In chronic
lymphocytic leukemia, 12p aberrations were associated
with worse outcome and prognosis.15 Another study
found that 12p aberrations is usually present in AML
after exposure to mutagen in myelodysplastic syn-
dromes.16 Braulke et al17 indicated that there is under-
estimation of 12p aberrations in AML. Furthermore, they
found that 12p aberrations were associated with better
prognosis in myelodysplasia and less conversion to
AML.17 The most important genes that is carried on
12p and was identified as one of the genes involved in the
pathogenesis of AML is ETV6.18,19 This gene is a member
of transcription regulators and responsible for DNA
binding activities.18 In our study, we found that the
overall survival and leukemia free survival was less in
12p AML than 12p negative AML. This consistent with
literature that found that 12p aberrations were associated
with worse prognosis.4

For underlying genetic expression in each subgroup in
our study, we tested the interaction between HOTAIR,
miR‐193a, and c‐KIT as evidenced in literature as one of the
influencers of the AML prognosis. In our study, we found
that there was significant high expression level of HOTAIR
and c‐KIT in 12p AML than 12p negative AML. Meanwhile,
there was a higher expression of miR‐193a in 12p negative
AML. Our results explain the worse survival associated with
12p aberrations.4 On the basis of the study by Boissel et al20

the c‐KIT is usually associated with higher rate of relapse
and worse survival. Ayatollahi et al21 confirmed that c‐KIT
has worse prognosis in CBF‐AML. However, another study
found no relation between the outcome and c‐KIT
expression which is inconsistent with our results.22

Furthermore, the c‐kit was found to be upregulated by
HOTAIR which by itself had poorer prognosis in AML.11

The protective miR‐193a was found to cause worse outcome
if it is knocked down.11 Moreover, high expression of
HOTAIR was associated with inhibition of miR‐193a
activity11 Figure 1. These studies explained why the 12p
AML had worse prognosis in our study. Even the difference
of expression of HOTAIR, c‐KIT and miR‐193a were among
the different risk groups and resulted in difference of
clinical parameters. This can be explained by the associa-
tion between the expression values of these genes and poor
prognosis of t12p abnormality.

FIGURE 3 Kaplan‐Meier survival curves of patients with high and low Linc‐HOTSTAR miR‐193a and c‐Kit expression in 12p
abnormalities associated acute myeloid leukemia patients were dichotomized into high and low genes expression groups based on median
expression value patients with low Lnc‐HOTSTAR and c‐Kit expression had significantly better survival (A,C) and leukemia free survival
(D,F) respectively than those with higher expression on contrary patients with high maR‐193a expression had significantly better survival
(B) but no obvious difference was observed for leukemia free survival (E)
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Surprisingly, we found that miR‐193a expression was
not correlated with leukemia free survival in 12p AML
and c‐KIT was not correlated with leukemia free survival.
This is consistent with Boissel et al20 who found no
significant effect of c‐KIT on disease free survival.
Furthermore, another study implied that there was no
significant effect of c‐KIT on the overall survival and
prognosis.22

HOTAIR expression was associated with worse out-
come in AML. Furthermore, knockdown of HOTAIR
inhibited cell proliferation in AML.11,13,23 Furthermore,
another study recommended determination of the level of
HOTAIR in AML patients for risk factors stratification
and prognosis determination.25

On the basis of our results, 12p abnormalities should
be considered when dealing with AML cases. Then, it
would be stratified based on expression of c‐KIT,
HOTAIR, and miR‐193a for better dealing with patients
and for prediction of the prognosis in AML patients.

5 | CONCLUSION

12p abnormalities is considered a lifestyle threating
hassle which do represent the highest mortality price
rate in AML patients; therefore; it is a must be treat as a
single separate entity of AML. Primarily based on our
effects, it had a worse analysis, significantly higher c‐Kit,
HOTAIR expression, and coffee miR‐193a expression and
related to poor outcome.
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