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Abstract

Background: Acute myeloid leukemia (AML) is a complex disease characterized
by clonal expansion of undifferentiated myeloid precursors, resulting in impaired
hematopoiesis and bone marrow failure. Different genetic and environmental factors
are believed to be involved in the pathogenesis of AML. Notch signaling with a tumor
suppressing plays a role in myeloproliferative disorder and is a negative regulator of
myeloid progenitor commitment. Crosstalk between Notch signaling and CXCR4
axis is a matter of debate in AML.

Method: In the current case-control study, we evaluated the expression level of
CXCR4, JAGI, and MIBI, which are all involved or related to Notch signaling in
adult AML patients. Blood samples were obtained from 25 AML and 17 healthy
individuals and the expression level of the selected genes was evaluated via the real-
time polymerase chain reaction.

Results: Our results revealed the increased expression of JAGI, but decreased
expression of CXYCR4 in AML patients in Iranian population of AML patients. Moreover,
some gender-associated effects on the expression of JAG1 and CXCR4 were detected,
which may be related to sex hormones. The expression level of MBI did not change
significantly. The correlation analysis showed no correlations between the age of the
patients and the expression levels of the genes.

Conclusion: Herein, for the first time, we suggested some new evidence regarding
the complex role of Notch signaling-related genes (CXCR4 and JAG ) in the pathogenesis
of AML in Iranian patients.
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Introduction

Acute myeloid leukemia (AML) is defined as
a group of hematopoietic cell disorders that lead
to the uncontrolled proliferation of undifferentiated
myeloid progenitors.! Despite the improvement
in its treatment, five-year survival rate has been
reported to be about 35%-40% and the disease is
still incurable in most patients.? Several factors
could increase the susceptibility to AML, including
environmental factors (such as Benzene and high-
level ionizing radiation), and genetic and
epigenetic dysregulations.? 4 These abnormalities
lead to the disruption of the normal mechanisms
of growth, proliferation, and differentiation of
blood precursors.’ Since AML is highly
heterogeneous amongst patients and different
ethnic groups, precision medicine and personalized
treatment are considered to be challenging.®
Hence, unraveling molecular mechanisms
underlying AML progression could be conducive
to tackling the disease effectively.

Gene expression profiling, genome-wide
association studies, as well as protein profiling,
have shed further light on the molecular
mechanisms controlling AML initiation,
progression, and relapse.”-® For note, Notch
signaling is a causative signaling in myelopro-

liferative disorders and a negative regulator of
myeloid progenitor commitment.” The Notch
signaling pathway, including Notch receptors and
ligands, such as DLL1 and JAG1, contribute to
regulating gene expression in nucleus.'? Activation
of this signaling pathway has emerged as a
prognostic marker in patients with acute
lymphoblastic leukemia (ALL), yet it is matter
of debate in AML.!-12 Previous studies have
shown that Notch activation in AML is suppressed
and its reactivation induced cell cycle arrest, dif-
ferentiation, and apoptosis in AML-initiating
cells.13:14 Activation of Notch signaling leads to
increased number of hematopoietic stem cell
(HSC) and blood progenitor cells.!>16

JAG]I is expressed on the surface of osteoblasts
and is attached to Notch receptor on the surface
of HSC cells.!” One of the other molecules
involved in the activation of the Notch signaling
pathway as a ubiquitin ligase is MIBI; certain
studies have shown that M/B/ mutants result in
reduced Notchl activity.!8

One of the main pathways related to Notch
signaling and hematopoiesis is CXCR4/CXCL12
axis, which is identified as the regulator of
lymphocytes orientation to bone marrow.!?
CXCRA4 receptor is a G-protein coupled receptor
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Figure 1. CXCR4, JAG1, and MIBI expression level in PBMCs of AML patients. Using independent t-test analysis, the expression of
JAG]I significantly increased while the expression of CXCR4 significantly decreased in AML patients compared to the healthy controls
(A and B, respectively). MIBI expression level did not significantly change among the patients (C). The expression values of each
sample were normalized against GAPDH mRNA expression. *P < 0.05, ** P <0.005

AML: Acute myeloid leukemia
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(GPCR) located on the surface of HSC and
attached to CXCL 12 chemokine ligand on HSCs.20
By directing the leukemic cells in the bone marrow
niche, CXCL 12 regulates their engraftment and
survival.?! Elevated expression of CXCR4 has
been indicated to correlate with shortened survival
of the patients. The Notch signaling pathway
regulates the CXCR4 expression in several cell
types and is essential for controlled proliferation
and apoptosis.?%23

Based on the specific genetic background of
the Iranian population, we conducted the present
work to evaluate the expression of CXCR4, JAGI,
and MIBI genes as Notch signaling pathway-
related genes in the PBMCs of adult patients with
AML.

Materials and Methods

Samples preparation
In this case-control study, 5 milliliters of blood
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sample was collected from 25 AML patients
clinically diagnosed by an expert oncologist in
the Imam Khomeini Hospital (Tehran, Iran).
Additionally, 17 age-matched healthy controls
were selected from the individuals without any
personal or familial cancer history. All the
procedures were under ethical standards and
international agreements (Helsinki Declaration
of 1964, revised 2013). The study was approved
by the Ethics Committee of Tarbiat Modares
University (ethics code: 1203429). Informed
consent was obtained from all the participants.
Extraction of RNA and elimination of DNA
RNA was isolated using the RNATM-plus
(CinnaGen Inc., Iran) after PBMC isolation via
Ficoll-Paque solution gradient. The quality and
integrity of the extracted RNAs were verified
through spectrophotometry and 1% agarose gel
electrophoresis. Moreover, to eliminate any
probable genomic DNA contamination, the
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Figure 2. This figure shows the normalized expression of selected genes in the male and female subgroups. The mRNA expression level
of CXCR4 decreased significantly only in the AML female patients (A). Expression level of JAGI increased significantly only in the

AML male patients (B).
* P <0.05; AML: Acute myeloid leukemia
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samples were treated with DNase I (Fermentas,
Lithuania).
Complementary DNA (cDNA) synthesis and real-
time polymerase chain reaction (RT-PCR)
quantification

cDNA synthesis was performed employing
RT-PCR kit (Takara Shuzo, Otsu, Japan). OligodT
and Random Hexamer primers, in a total volume
of 20uL reaction mixture, were used under the
manufacturer’s instruction. All the quantitative
gene expression analyses were assessed as
duplicates with EvaGreen I master mix (Salise
Biodyne, Japan) via Step One Applied Biosystems
(Applied Biosystems, USA). The mRNA
expression levels of JAGI (Forward primer (FP):
TACTGGCACCTGCAGTCACC, Reverse primer
(RP): GAAGCAGAACACGGGCGTTG),
CXCR4 (FP: AGTGGCCGACCTCCTCTT, RP:
TTGGCCTCTGACTGTTGGT), and MIBI(FP:
AGCCAGAAACAGTGTAAGAGGG, RP:
GTTTGGGGATTCATTGCTGCT) were
normalized to GAPDH(FP: CCATGAGAAG-
TATGACA, RP: GAGTCCTTCCACGAT) as the
internal control. The relative expression of the
selected genes was calculated using the 2-2ACt
formula.
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Statistical analysis

The normality of the data was checked using
the Shapiro-Wilk test. Independent t-test and/or
Mann-Whitney U-test were utilized to investigate
the differences in the expression levels of the
genes among the patients and controls. The
receiver operating characteristic (ROC) curve
analysis was retrieved to determine the optimal
cut-off values of the expression levels of the
selected genes as potential biomarkers. Finally,
Spearman or Pearson correlation coefficient tests
were employed to determine the potential
correlations between the expression levels of the
selected genes and age.

All the statistical analyses were performed via
GraphPad Prism 6.01 (GraphPad Software, Inc.,
CA, USA) and P-value of < 0.05 was considered
to be significant.

Results

Blood samples were obtained from a total of
25 AML patients (18 males, 7 females) and 17
control individuals (10 males, 7 females). The
mean age of the patients and controls were 30
and 28.3 years old, respectively. Based on the
French-American-British (FAB) criteria, the most
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Figure 3. This figure shows the ROC curve analysis of CXCR4 (A) and JAGI (B) gene expression for discriminating the AML patients
from the healthy controls. ROC curve analysis was retrieved by plotting sensitivity versus specificity for each threshold value. The area

under the curve showed an accuracy level of >0.7.
ROC: Receiver operating characteristic; AML: Acute myeloid leukemia
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frequently observed AML subtypes were M3 and
M4 in our subjects.

Following statistical analysis, our results
implied that the expression level of CXCR4
significantly decreased (P = 0.01, Figure 1A);
whereas the expression of JAGI (P = 0.002,
Figure 1B) significantly increased in AML patients
compared with the healthy controls. However,
we did not find any significant differences
concerning the expression of MIBI between the
patients and controls (P = 0.5, Figure 1C). In
stratification for gender, CXCR4 expression
significantly decreased in the females compared
with that in males (P = 0.03, Figure 2A).
Moreover, there was a significant difference
concerning JAGI expression between the male
AML patients and controls (P = 0.02, Figure 2B).

We also performed ROC curve analysis in
order to evaluate the sensitivity and specificity
of JAGI and CXCR4 expressions as potential
biomarkers for clinical diagnosis of AML patients.
The area under the curve (AUC) values for
CXCR4 and JAGI were 0.75 (95% confidence
interval (CI) = 0.6 to 0.9, P = 0.006, sensitivity:
66%, and specificity: 81%) and 0.76 (95% CI =
0.56 to 0.96, P = 0.012, sensitivity: 58%,
specificity: 100%), respectively (Figure 3A, and
B). Furthermore, we could not find any statistically
significant correlations between the expression
level of the selected genes and the patients’ age.
In addition, there were no correlations among the
expression levels of the selected genes (P> 0.05).

Discussion

Herein, we reported a significant increase in
JAG1 expression as Notch signaling player and
a decrease in CXCR4 expression in patients with
AML. To the best of our knowledge, it is the first
report in Iranian population with ethnic
background, which highlights the crosstalk
between Notch signaling and other chemokine
signaling regulating AML progressions. Moreover,
we observed a significant difference in JAGI
expression between the male and female
participants, which highlighted the potential role
of sex hormones.

AML is a highly aggressive hematological

Evaluation of Notch Signaling-related Genes in AML Patients

malignancy and the most prevalent type of acute
leukemia in adults. Notch signaling is known to
have a tumor suppressor role in AML; its
reactivation was found to be a promising anti-
AML therapy.?* Significant efforts have been
made to combat master molecular drivers of the
disease and to understand the underlying signaling
pathways which direct onset and progression of
AML.2526 Notch signaling is one of the main
mechanisms, through which different cell types
are generated from precursor cells.?’ Dysregulation
of Notch signaling and its related molecules in
AML pathogenesis has been suggested by several
previous papers;’10:13:28 for instance, it has been
strongly suggested that NOTCH1 in AML
represses the expression of oncogenes, such as
FLT3, through the induction of the expression of
HES]1.13.28

Aberrant expression of Notch signaling ligands,
such as JAGI and DLL-1, has been reported in
ALL and postulated to be important in AML,!7:29-30
We observed a significant upregulation in JAG,
which is in accordance with the reports by other
researchers.?%30 It has been stated that JAGI,
through an autocrine signaling, can activate its
own expression in leukemic cells although it can
activate Notch signaling through Notch1 receptor
in ALL.31:32 1t is notable that JAG can influence
AML patients’ response to chemotherapy
potentially through its high expression in AML
blasts, which directs increased proliferation.?’
Additionally, our observation of an Iranian
population further confirmed that aberrant
expression of JAG1 may have prognostic effects
on different populations with ethnic differences.

We observed different expressions of JAGI
in males and females, which might be attributed
to the impact of sex hormones. Despite the
limitation in our sample size, particularly after
the stratification by gender, sex hormones were
found to affect the expression of J4GI, which
can explain, at least in part, different expressions
of JAG1 in the males and females. For instance,
17beta-estradiol (E2) increased JAGI levels by
limiting the repressive effects of miR-21 on JAG/
3'UTR.33

Crosstalk between Notch signaling and other
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related chemokines, such as CXCR4, SDF1,
CCL19, and CCL25, is correlated with the
exacerbation and progression of T- and B-ALL.!2
High expression of CXCR4, as a direct transcrip-
tional effect of Notchl, leads to B-cell infiltration
to other organs, like spleen, liver, and lymph
nodes; it may also cause T-ALL infiltration in
bone marrow and other organs.3* Although these
observations suggested pharmacological roles of
CXCR4 in ALL, the role of this signaling is still
controversial in AML. The SDFI/CXCR4
signaling axis has been reported as a strong player
for the crosstalk between stromal cells and
leukemic cells in AML.!? This axis is also known
to contribute to migration of hematopoietic and
lymphopoietic cells.?> In vivo culture of leukemia
cells supported this notion by the overexpressed
level of CXCR4.2! For note, several studies have
shown amelioration of chemoresistance by
inhibiting CXCR4 in culture.?*3¢ Moreover, high
CXCR4 expression has been reported to be
correlated with increased autophagy in AML
patients; however, our findings were on the
contrary since we observed decreased expression
of CXCR4 in AML patients.?¢ It is worth
mentioning that decreased level of CXCR4 have
been also observed in AML CD34+ cells in
comparison with normal progenitors.3” Overall,
it seems that expression of CXCR4 is highly
context-dependent and certain parameters, such
as tumor grade, gender, cell type, and tumor
microenvironment, could influence its expression.
Our obtained results revealed that although the
research was carried out on an Iranian population
with specific genetic background, the study could
be more beneficial and generalizable by increasing
the number of participants.

MIB1 did not show any differences between
the patients and controls, but Staber et al. reported
increased level of MIBI protein in bone marrow
of AML patients in comparison with their
controls.’®

The area under the ROC curve for both CXCR4
and JAGI was > 0.7. Therefore, the expression
levels of CXCR4 and JAGI in the PBMCs may
be predictive for AML patients. Further
prospective studies are necessary to verify and

test the usefulness of this cut-off value to
distinguish AML patients and healthy controls.
Small sample size was one of the main limitations
in this study and a heterogeneous combination
of cells in whole blood may have overshadowed
the variation of our selected gene expression. We
could also suggest that future research follow
these genes in different AML tumor grades and
protein levels.

Conclusion

The results in the present paper indicated the
aberrant expression level of some important genes
related to Notch signaling in Iranian AML patients.
Although there is a growing number of genes
and mutations involved in the pathogenesis of
AML, population-based evidence, which might
be important for personalized medicine therapy,
is poorly understood.

Acknowledgment

The authors gratefully acknowledge the
contribution of the patients and healthy
individuals.

Funding
This work was financially supported by Tarbiat
Modares University.

Availability of data and material
The data are available by the corresponding
author upon request.

Conflict of Interest
None declared.

References

1. McKenzie SB. Advances in understanding the biology
and genetics of acute myelocytic leukemia. Clin Lab
Sci. 2005;18(1):28-37. Erratum in: Clin Lab Sci. 2005;
18(3):149.

2. Takam Kamga P, Dal Collo G, Resci F, Bazzoni R,
Mercuri A, Quaglia FM, et al. Notch signaling
molecules as prognostic biomarkers for acute myeloid
leukemia. Cancers (Basel). 2019;11(12):1958. doi:
10.3390/cancers11121958.

3. RenR. Mechanisms of BCR-ABL in the pathogenesis
of chronic myelogenous leukaemia. Nat Rev Cancer.

578

Middle East J Cancer 2022; 13(4): 573-580



10.

11.

12.

13.

14.

15.

16.

2005;5(3):172-83. doi: 10.1038/nrc1567.

Zolghadr F, Sadeghizadeh M, Amirizadeh N,
Hosseinkhani S, Nazem S. How benzene and its
metabolites affect human marrow derived
mesenchymal stem cells. Toxicol Lett. 2012;214(2):145-
53. doi: 10.1016/j.toxlet.2012.08.015.

Berdasco M, Esteller M. Aberrant epigenetic landscape
in cancer: how cellular identity goes awry. Dev Cell.
2010;19(5):698-711. doi: 10.1016/j.devcel.2010.10.
005.

Potter N, Miraki-Moud F, Ermini L, Titley I,
Vijayaraghavan G, Papaemmanuil E, et al. Single cell
analysis of clonal architecture in acute myeloid
leukaemia. Leukemia. 2019;33(5):1113-23. doi:
10.1038/s41375-018-0319-2.

van Galen P, Hovestadt V, Wadsworth Ii MH, Hughes
TK, Griffin GK, Battaglia S, et al. Single-cell RNA-
Seq reveals AML hierarchies relevant to disease
progression and immunity. Cell. 2019;176(6):1265-
81.e24. doi: 10.1016/j.cell.2019.01.031.

Arindrarto W, Borras DM, de Groen RAL, van den
Berg RR, Locher 1J, van Diessen SAME, et al.
Comprehensive diagnostics of acute myeloid leukemia
by whole transcriptome RNA sequencing. Leukemia.
2021;35(1):47-61. doi: 10.1038/s41375-020-0762-8.
Suresh S, Irvine AE. The NOTCH signaling pathway
in normal and malignant blood cell production. J Cell
Commun Signal. 2015;9(1):5-13. doi: 10.1007/s12079-
015-0271-0.

Grieselhuber NR, Klco JM, Verdoni AM, Lamprecht
T, Sarkaria SM, Wartman LD, et al. Notch signaling
in acute promyelocytic leukemia. Leukemia.
2013;27(7):1548-57. doi: 10.1038/leu.2013.68.
Tosello V, Ferrando AA. The NOTCH signaling
pathway: role in the pathogenesis of T-cell acute
lymphoblastic leukemia and implication for therapy.
Ther Adv Hematol. 2013;4(3):199-210. doi:
10.1177/2040620712471368.

Tsaouli G, Ferretti E, Bellavia D, Vacca A, Felli MP.
Notch/CXCR4 partnership in acute lymphoblastic
leukemia progression. J Immunol Res. 2019;2019:
5601396. doi: 10.1155/2019/5601396.

Lobry C, Ntziachristos P, Ndiaye-Lobry D, Oh P,
Cimmino L, Zhu N, et al. Notch pathway activation
targets AML-initiating cell homeostasis and differen-
tiation. J Exp Med. 2013;210(2):301-19. doi: 10.1084/
jem.20121484.

Murata-Ohsawa M, Tohda S, Nara N. Cellular analysis
of growth suppression induced by the Notch ligands,
Delta-1 and Jagged-1 in two myeloid leukemia cell
lines. Int J Mol Med. 2004;14(2):223-6.

Burns CE, Traver D, Mayhall E, Shepard JL, Zon LI
Hematopoietic stem cell fate is established by the
Notch-Runx pathway. Genes Dev. 2005;19(19):2331-
42. doi: 10.1101/gad.1337005.

Delaney C, Heimfeld S, Brashem-Stein C, Voorhies

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Evaluation of Notch Signaling-related Genes in AML Patients

H, Manger RL, Bernstein ID. Notch-mediated
expansion of human cord blood progenitor cells capable
of rapid myeloid reconstitution. Nat Med.
2010;16(2):232-6. doi: 10.1038/nm.2080.

Katoh M, Katoh M. Notch ligand, JAGI, is
evolutionarily conserved target of canonical WNT
signaling pathway in progenitor cells. Int J Mol Med.
2006;17(4):681-5.

Luxan G, Casanova JC, Martinez-Poveda B, Prados
B, D’ Amato G, MacGrogan D, et al. Mutations in the
NOTCH pathway regulator MIB1 cause left ventricular
non-compaction cardiomyopathy. Nat Med. 2013;19(2):
193-201.

Kim SY, Lee CH, Midura BV, Yeung C, Mendoza A,
Hong SH, et al. Inhibition of the CXCR4/CXCL12
chemokine pathway reduces the development of murine
pulmonary metastases. Clin Exp Metastasis. 2008;
25(3):201-11. doi: 10.1007/s10585-007-9133-3.
Devine H, Tierney DK, Schmit-Pokorny K, McDermott
K. Mobilization of hematopoietic stem cells for use
in autologous transplantation. Clin J Oncol Nurs.
2010;14(2):212-22. doi: 10.1188/10.CJON.212-222.
Tavor S, Petit I, Porozov S, Avigdor A, Dar A, Leider-
Trejo L, et al. CXCR4 regulates migration and
development of human acute myelogenous leukemia
stem cells in transplanted NOD/SCID mice. Cancer
Res. 2004;64(8):2817-24. doi: 10.1158/0008-5472.can-
03-3693.

Artavanis-Tsakonas S, Rand MD, Lake RJ. Notch
signaling: cell fate control and signal integration in
development. Science. 1999;284(5415):770-6. doi:
10.1126/science.284.5415.770.

Williams CK, Segarra M, Sierra Mde L, Sainson RC,
Tosato G, Harris AL. Regulation of CXCR4 by the
Notch ligand delta-like 4 in endothelial cells. Cancer
Res. 2008;68(6):1889-95. doi: 10.1158/0008-
5472.CAN-07-2181.

Ye Q, Jiang J, Zhan G, Yan W, Huang L, Hu Y, et al.
Small molecule activation of NOTCH signaling inhibits
acute myeloid leukemia. Sci Rep. 2016;6:26510. doi:
10.1038/srep26510.

Fathi AT, Grant S, Karp JE. Exploiting cellular
pathways to develop new treatment strategies for
AML. Cancer Treat Rev. 2010;36(2):142-50. doi:
10.1016/j.ctrv.2009.12.004.

Shafer D, Grant S. Update on rational targeted therapy
in AML. Blood Rev. 2016;30(4):275-83. doi:
10.1016/j.blre.2016.02.001.

Kovall RA, Hendrickson WA. Crystal structure of the
nuclear effector of Notch signaling, CSL, bound to
DNA. EMBO J. 2004;23(17):3441-51. doi:
10.1038/sj.emboj.7600349.

Kannan S, Sutphin RM, Hall MG, Golfman LS, Fang
W, Nolo RM, et al. Notch activation inhibits AML
growth and survival: a potential therapeutic approach.
J Exp Med. 2013;210(2):321-37. doi: 10.1084/jem.

Middle East J Cancer 2022; 13(4): 573-580

579



Seyedeh Hananeh Ghafelehbashi et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

580

20121527.

Li D, Masiero M, Banham AH, Harris AL. The
NOTCH ligand JAGGEDI as a target for anti-tumor
therapy. Front Oncol. 2014;4:254. doi: 10.3389/fonc.
2014.00254.

Czemerska M, Pluta A, Szmigielska-Kaplon A,
Wawrzyniak E, Cebula-Obrzut B, Medra A, et al.
Jagged-1: a new promising factor associated with
favorable prognosis in patients with acute myeloid
leukemia. Leuk Lymphoma. 2015;56(2):401-6. doi:
10.3109/10428194.2014.917638.

Pelullo M, Quaranta R, Talora C, Checquolo S, Cialfi
S, Felli MP, et al. Notch3/Jagged1 circuitry reinforces
notch signaling and sustains T-ALL. Neoplasia.
2014;16(12):1007-17. doi: 10.1016/j.ne0.2014.10.004.
Stirewalt DL, Meshinchi S, Kopecky KJ, Fan W,
Pogosova-Agadjanyan EL, Engel JH, et al.
Identification of genes with abnormal expression
changes in acute myeloid leukemia. Genes
Chromosomes Cancer. 2008;47(1):8-20. doi: 10.1002/
gcc.20500.

Selcuklu SD, Donoghue MT, Kerin MJ, Spillane C.
Regulatory interplay between miR-21, JAGI1 and
17beta-estradiol (E2) in breast cancer cells. Biochem
Biophys Res Commun. 2012;423(2):234-9. doi:
10.1016/j.bbrc.2012.05.074.

Hong Z, Wei Z, Xie T, Fu L, Sun J, Zhou F, et al.
Targeting chemokines for acute lymphoblastic leukemia
therapy. J Hematol Oncol. 2021;14(1):48. doi:
10.1186/s13045-021-01060-y.

Monaco G, Belmont JW, Konopleva M, Andreeff M,
Tavor S, Petit I, et al. Correlation between CXCR4
and homing or engraftment of acute myelogenous
leukemia. Cancer Res. 2004;64(18):6832 author reply
6832-3. doi: 10.1158/0008-5472.CAN-04-1936.

Hu X, Mei S, Meng W, Xue S, Jiang L, Yang Y, et al.
CXCR4-mediated signaling regulates autophagy and
influences acute myeloid leukemia cell survival and
drug resistance. Cancer Lett. 2018;425:1-12. doi:
10.1016/j.canlet.2018.03.024.

Peled A, Tavor S. Role of CXCR4 in the pathogenesis
of acute myeloid leukemia. Theranostics. 2013;3(1):34-
9. doi: 10.7150/thno.5150.

Staber PB, Linkesch W, Zauner D, Beham-Schmid
C, Guelly C, Schauer S, et al. Common alterations in
gene expression and increased proliferation in recurrent
acute myeloid leukemia. Oncogene. 2004;23(4):894-
904. doi: 10.1038/sj.0nc.1207192.

Middle East J Cancer 2022; 13(4): 573-580



