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ABSTRACT

Acute myeloid leukemia (AML) is characterized by abnormal proliferation of immature myeloid cells. Although
it has no specific factor for development, it may be linked to genetic inheritance, lifestyle or exposure to toxicity.
Bioinformatics analyses enable the screening and identification of diagnostic or prognostic biomarkers for AML.
The ASXL1 gene is associated with hematopoietic cell differentiation, mutations and polymorphisms in the
sequence that are considered risk factors for the development of AML, often associated with poor prognosis
and low survival rate. The aim of this study was to identify the main structural, functional and protein stability
modifications resulting from the presence of polymorphisms in the ASXL1 gene. This is an in-silico analysis
performed using 10 free and open access bioinformatics tools (PredictSNP1.0, SIFT, PolyPhen-1, PolyPhen-2,
MAPP, PhD-SNP, SNAP, PANTHER, MuPRO and DynaMut). A total of 175 polymorphisms in the ASXL1 gene were
evaluated, of these 13 (7,42%) polymorphisms were considered deleterious in 7 tools, suggesting important
alterations in protein structure.

The polymorphisms selected were: rs139716375 (1268F); rs140896392 (A1512T); rs142450571 (G704R);
rs143594461 (C55R); rs145061712 (S767Y); rs146743741 (D1525N); rs147905623 (D1230Y); rs148144203
(R1318W); rs199681643 (H1524Y); rs200053121 (S304C); rs3171367 (G1520R); rs370054224 (V179M) and
rs373418380 (R265H). Thus, the bioinformatics screening allowed the selection of 13 target polymorphisms for
the development of new studies to understand their applicability as possible biomarkers of diagnosis, prognosis,
risk or choice of more effective treatment in neoplastic diseases, mainly associated with cases of AML.

Descriptors: ASXL1; Leukemia Myeloid Acute; Polymorphism Genetic; Protein Stability

Introduction

are an estimated 11,540 new cases per year. Its incidence in men is
approximately 6,250 cases, while in women it is 5,290 cases per year.

Acute myeloid leukemia (AML) occurs due to a failure in the bone

In addition, in 2020 there were around 6,738 deaths from AML

marrow that directly affects hematopoiesis [1], as it is a heteroge-
neous malignancy resulting in a neoplasm of myeloid precursors,
causing the release of blasts into the bloodstream and a leukemic in-
filtration in the bone marrow [2]. AML does not have a specific factor
for its onset; however, there are some factors that may be linked to its
development, such as genetic inheritance, individual habits that are
harmful to health and lifestyle (e.g. smoking and alcoholism) and ex-
posure to toxic substances that are harmful to human health, such as
electromagnetic radiation emitted by some devices like X-rays [3,4].
According to the National Cancer Institute (INCA), leukemias are the
tenth most common type of cancer. Between 2023 and 2025, there

[5]- The diagnosis of AML can be made using various laboratory tests,
such as the complete blood count (CBC), which is the first test to be
requested in cases of suspicion, since it is a low-cost, non-invasive test
capable of analyzing the patient’s general condition, as well as mak-
ing it possible to differentiate morphologically between healthy cells
and neoplastic cells, such as the presence of > 20% blasts, which is
generally reported by the equipment [4-7]. In addition, the clinical
symptoms observed in these cases are diverse, so assessing the pa-
tient’s clinical condition is extremely important [4]. The main signs
and symptoms are: the appearance of purple spots on the body, feel-
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ing unwell, febrile neutropenia, anemia and intense and persistent
leukocytosis, most often with the presence of myeloblasts [4-7]. In
addition, other laboratory tests are also requested, mainly including:
myelogram, fluorescence in situ hybridization (FISH), cytochemistry
(MPO and Sudan Black), flow cytometry (CT) and immunophenotyp-
ing. These tests are more specific and capable of tracking the leuke-
mic lineage of the blasts, as well as the different stages of maturation
of the cells present in the patient’s sample [4-11].

In addition to the tests mentioned above, identifying chromosom-
al abnormalities (CA) is extremely important in the diagnosis. This as-
sessment is carried out by the medical cytogenetics department and
makes it possible to observe and evaluate the morphological, struc-
tural and functional alterations present in the patient’s chromosomes
[12]. CA can be associated with the presence of mutations and/or ge-
netic polymorphisms [13]. These genetic alterations can generally act
as biomarkers for diagnosis, prognosis and even risk for the develop-
ment of future diseases, so the use of bioinformatics databases helps
in the process of research, evaluation and understanding of the pos-
sible clinical usefulness of these mutations and/or polymorphisms
[14]. The literature reports the involvement of several genes in the
development of AML [5]. The ASXL1 gene (Additional Sex Combs-
Like), located on chromosome 20, locus q11, is expressed in all types
of hematopoietic cells and has the function of encoding the protein
of the same name, responsible for modifying the histones of chroma-
tin [15,16]. ASXL1 is an important epigenetic regulator in the process
of hematopoiesis and clonal expansion, as well as being essential for
the differentiation of hematopoietic cells into lymphoid progenitors
and myeloid progenitors [17]. In a study carried out in 2019, which
used human and animal hematopoietic cells, specifically mice, it was
observed that the ASXL1 gene, by eliminating its wild protein, is the
main cause of inefficient hematopoiesis, weakening the process and
accelerating the development of myeloid malignancies, increasing the
risk of mortality.

Therefore, mutated expression of the ASXL1 gene together with
a negative Philadelphia chromosome (PHD) is associated with a
poor patient prognosis [15-17]. In addition, ASXL1 is part of the En-
hancers of Trithorax (TrxG) and Polycomb (PcG) groups, which en-
code essential regulators for cell differentiation and maturation [18].
Proteins from the TrxG and PcG groups modulate gene expression by
controlling the chromatin state modification complex, keeping it re-
pressive or active at the target locus, respectively, and also the tran-
scription factor during hematopoiesis [18]. It is also responsible for
preserving the epigenetics of ASXL1 and maintaining the standardiza-
tion of gene expression during cell division and replication [18]. Nev-
ertheless, ASXL1 is one of the genes with the highest mutation rate
in all subtypes of malignant myeloid neoplasms, and is therefore the
gene with the highest mutational recurrence in clonal blood diseases
characterized by ineffective hematopoiesis, cytopenia and dysplasia
[19].

The main alterations in ASXL1 are caused by the deregulation
of proteins with suppressor functions and are mainly related to the
presence of mutations or genetic polymorphisms [20]. The AML1-
ETO mutation in ASXL1 is often linked to the RUNX1 mutation, both
of which come from the translocation of chromosome 8 with chromo-
some 21 (t8:21), resulting in effects correlated with the uncontrolled
acceleration of leukomagenesis [18,7] Genetic polymorphisms are
variations that can occur in the nucleotide sequence of DNA, such as
the substitution, deletion or insertion of nitrogenous bases, which di-
rectly influences the chain of amino acids responsible for making up
the coding protein of DNA.

Genetic polymorphisms are usually a type of consequence of
mutations, being a slightly more frequent event when compared to
the mutation itself. Polymorphisms usually appear in more than 1%
of the population, while genetic mutations appear less frequently,
around less than 1% [21]. In particular, missense polymorphisms
are capable of altering the amino acid (AA) composition of the pro-
tein, since they occur in coding regions of the gene. This change in
AA can lead to structural, functional and/or protein stability chang-
es [22-25]. The aim of this study was therefore to identify the main
polymorphic alterations in the ASXL1 gene that can influence protein
structure, function and stability.

Materials & Methods

This is an in-silico analysis in which the main polymorphisms
recorded for the ASLX1 gene were screened. The polymorphism in-
formation was obtained from the Polymorphism Database (dbSNP)
of the National Center for Biotechnology Information (NCBI) [26].
The protein structure information was obtained from The Universal
Protein Resource (UniProt) [27] database under the code “Q8IX]9” to
obtain the FASTA sequence of the ASXL1 protein. PredictSNP1 [28]
was used to identify potential morphofunctional modifications to the
protein resulting from the change in amino acids due to the muta-
tion in the ASXL1 gene and its new ionic interactions. These changes
could have an impact on the stability, flexibility and functionality of
the protein. The site has eight analysis tools, including MAPP [29],
which performs the physicochemical analysis of protein variations;
Polyphen-1 [30] and Polyphen-2 [31] are responsible for the practical
analysis of the physical properties of molecules, as well as structural
impacts and protein functions; SIFT [32] processes estimate of ami-
no acid substitutions, as well as analyzing their protein functions and
chemical characteristics;

PANTHER [33] performs protein analysis; nsSNAnalyzer [34]
evaluates phenotypic impacts; PhD-SNP [35] uses the Support Vector
Machine methodology to evaluate protein structures and sequences;
SNAP [36] is responsible for analyzing the protein’s secondary struc-
tural alterations.PredictSNP2 [37] was used to detect polymorpho-
nuclear gene alterations in relation to the effects of nucleotide sub-
stitution in the genetic sequence, the site provides six tools for the
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analysis; the CADD tool [38] prioritizes functional, deleterious and
pathogenic variants in various functional categories, effect sizes and
genetic architectures; the DANN tool [39] classifies, identifies and un-
derstands the pathogenicity relationships between genetic resourc-
es; the FAT tool [40] evaluates the functional impact of pathogenic
variants obtained from the literature, extracted from the Human Gene
Mutation Database (HGMD).

The FUN tool [41] uses an empirical scoring system integrating
evolutionary constraints together with epigenetic data to assess the
impact of variants; and the GWAVA tool [42] uses the same method as
the FAT tool, but GWAVA was produced to analyze regulatory variants
[42]. In addition, the MUPro [43] tool was used to analyze protein sta-
bility in terms of Gibbs energy, corresponding to the highest energy
that the molecule is capable of transforming into work, equivalent to
the possibility of polymorphic alterations. The DynaMut [44] tool was
also used to model possible protein alterations and assess their im-
pact on morphological and functional characteristics, such as protein

stability and flexibility. Thus, these 16 tools provided a robust analy-
sis of the morpho functional changes in the protein resulting from the
presence of polymorphisms in the ASXL1 gene.

Results

The polymorphisms of the ASXL1 gene were investigated be-
tween March/2023 and June/2023. We found 34,257 registered poly-
morphisms for the ASXL1 gene, of which 2,465 are missense poly-
morphisms, 175 of which are capable of promoting AA alterations in
protein structure and are therefore the target of our study. The 175
polymorphisms selected promote AA alterations in protein structure,
which were evaluated using the PredictSNP1.0 tool (Appendix 1). Of
these, 13 polymorphisms (Table 1) were considered deleterious in
at least 80% of the tools evaluated and were therefore evaluated by
PredictSNP2.0 (Table 2) in an attempt to understand how these alter-
ations could affect the structure of cellular DNA. It is also important
to note that none of the alterations evaluated were recognized by the
nsSNPanalyzer tool.

Table 1: Results of the in-silico analysis of amino acid changes caused by polymorphisms in the ASXL1 gene obtained using the PredictSNP1

tool.

ID C‘;‘{AAEI’((;'E diftrsel-\u’ SIFT PI;I(;II}I,-I PI;‘LIK_'Z MAP 1;11‘\1[1’, SNAP | PANTHER | NsSNPAnalyzer | MUPro
15143594461 C55R D D D D D D D U U -1.19
rs370054224 V179M D D D D D D D U U -0.32
15373418380 R265H D D D D D D D U U -0.98
15139716375 1268F D D D D D D D U U -1.04
15200053121 S5304C D D D D D D D U U -0.30
15142450571 G704R D D D D D D N D U -0.32
15145061712 S767Y D D D D D N D D U -0.97
15147905623 D1230Y D D D D D N D D U -0.54
rs148144203 R1318W D D D D D N D D U -0.81
15140896392 A1512T D D D D D D D U U -1.24

rs3171367 G1520R D D D D D D D U U -0.11
15199681643 H1524Y D D D D D D D U U -0.49
rs146743741 D1525N D D D D D D D U U -1.04

Note: Abbreviation: ID - SNP Identification; AA - Amino acid; D - Deleterious; N - Neutral e U - Unknown
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Table 2: Result of the in-silico analysis of nucleotide changes resulting from the presence of polymorphisms in the ASXL1 gene obtained using

the PredictSNP2 tool.

ID Troca de Nucleotideo PSNP CADD DANN FAT FUN GWAVA
1rs143594461 G/C D N D D D D
rs370054224 C/T D D D D D D
rs373418380 G/A D D D D D D
rs139716375 G/A D D D D D D
rs200053121 A/T D D N D D D
rs142450571 G/A D D N D D D
rs145061712 C/A N N N N N U
1rs147905623 A/C N N N N N N
rs148144203 C/T N N N N D N
rs140896392 G/T D D D D D N

rs3171367 G/A D D D D D N
rs199681643 A/C D D D D D N
rs146743741 G/C D D D D D N

Note: Abbreviation: ID - SNP Identification; AA - Amino acid; D - Deleterious; N - Neutral e U - Unknown

The rs1435294461 (G/C; C55R), rs370054224 (C/T; V179M),
rs373418380 (G/A; R265H), , rs139716375 (G/A; I1268F),
rs200053121 (A/T; S304C), rs140896392 (G/T; A1512T),rs3171367
(G/A; G1520R), rs199681643 (A/C; H1524Y), rs146743741 (G/C;
D1525N) were evaluated by the PredictSNP1.0 tool (Table 1) and
were considered deleterious in 7 of the 9 tools; however, the PAN-
THER and nsSNPanalyzer tools were unable to evaluate any of the
polymorphisms mentioned. Thus, these 9 polymorphisms were con-
sidered deleterious in all the tools capable of evaluating them. They
were also considered capable of reducing protein stability by the Mu-
PRO tool. In contrast, the rs142450571 (G/A; G704R), rs145061712
(C/A; S767Y), rs147905623 (A/C; D1230Y) and rs148144203 (C/T;
R1318W) polymorphisms, also assessed by the PredictSNP1. 0 (Ta-
ble 1) were considered deleterious in 7 of the 9 tools used, with the
rs142450571 (G/A; G704R) alteration being considered neutral only
in the SNAP tool. The other changes resulting from the rs145061712
(C/A; S767Y), rs147905623 (A/C; D1230Y) and rs148144203 (C/T;
R1318W) polymorphisms were considered neutral only in the PhD-
SNP tool. Thus, these 4 polymorphisms were considered deleterious
in 87.5% of all the tools capable of evaluating them. In addition, it was
also observed that these alterations can lead to a decrease in protein
stability.

In addition, rs370054224 (C/T; V179M), rs139716375 (G/A;
1268F) and rs373418380 (G/A; R265H) were considered deleteri-
ous in 100% of PredictSNP2 tools. 0 (Table 2) and rs1435294461
(G/C; C55R), rs200053121 (A/T; S304C), rs142450571 (G/A;
G704R), rs140896392 (G/T; A1512T), rs3171367 (G/A; G1520R),
rs199681643 (A/C; H1524Y), rs146743741 (G/C; D1525N) were
considered deleterious in 5 of the 6 tools evaluated, suggesting rel-
evant impacts on DNA structure. The rs148144203 (C/T; R1318W)

polymorphism was considered deleterious in only 1 of the 6 tools
evaluated by PredictSNP2.0, while the rs145061712 (C/A; S767Y),
rs147905623 (A/C; D1230Y) polymorphisms were not considered
deleterious in any of the 6 tools used for evaluation in PredictSNP2.0.
Therefore, they are considered polymorphisms that do not suggest
relevant impacts on DNA structure and, consequently, on AA struc-
ture.It was observed that the C55R exchange (rs1435294461; G/C)
promotes a change in the bonding pattern with adjacent AA, where in
the wild-type structure of the protein there is the removal of a hydro-
gen bond in the lower portion, while in the altered structure, it was
possible to observe the gain of a new ionic interaction in the central
portion of the chain (Figure 1A).

Similarly, in the R265H exchange (rs373418380; G/A), in the
wild-type structure it can be seen that hydrogen bonds have been lost
in the lower central region and halogens in the upper portion of the
right-hand end of the chain. In the altered structure, there was a gain
of ydrogen bonds mediated by water in the upper and lower portions
of the right lateral end, and a new carbonyl contact, also located in
the upper region of the direct lateral end of the chain (Figure 1B). The
rs200053121 (A/T; S304C) is also capable of altering the bonding
pattern of the adjacent AA in the protein structure, where hydrogen
bonds (mediated by water or not) are gained in the lower central por-
tion of the chain (Figure 1C). In the D1230Y exchange (rs147905623;
A/C) itis possible to observe the inclusion of new ionic interactions in
the lower central portion of the chain, as well as the inclusion of a new
halogen bond in the lower portion of the right side. Again, similarly,
the G1520R exchange (rs3171367; G/A) removed ionic interactions
and a hydrogen bond mediated by water. The rs199681643 (A/C;
H1524Y) promotes the substitution of a histadine for a tyrosine at
position 1524 of the protein chain.
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A
rsld35294461 (C35R)

B
rs3 73418380 (R265H)

b &

C
200053121 (S34C)

Figure 1: Amino acid alterations and its impacts in protein structure.

A.  rs1435294461 (C55R) leads to the removal of a hydrogen bond in the wild-type structure and the gain of a new ionic interaction in the mutant

structure.

B.  rs373418380 (R265H) results in the loss of hydrogen and halogen bonds in the wild-type structure and the acquisition of water-mediated

hydrogen bonds and a new carbonyl contact in the mutant structure.

C.  1rs200053121 (S304C) leads to the gain of hydrogen bonds (watermediated or not) in the mutant structure.

This substitution is capable of modifying the interaction with ad-
jacent amino acids, promoting the inclusion of new ionic interactions
in the right lateral portion of the chain, as well as several new approx-
imation structures, also located in the right lateral portion. As well
as the exchange of AA resulting from the presence of rs146743741
(G/C; D1525N), which promotes the removal of hydrogen bonds me-
diated by water in the upper portion of the right side of the structure,
and in the altered structure, it is possible to observe the inclusion of
new ionic interactions in the central portion of the protein chain. In
addition, the alteration resulting from the presence of rs139716375
(G/A; 1268F), rs370054224 (C/T; V179M), rs142450571 (G/A;
G704R), rs145061712 (C/A; S767Y), rs148144203 (C/T; R1318W)

and rs140896392 (G/T; A1512T) did not show any alteration in the
binding pattern with adjacent AA.

Discussion

Genetic alterations that impact on hematopoietic function are
becoming increasingly noticeable, mainly due to the growing impor-
tance of genetic tests in diagnostic processes and estimating prog-
nosis and/or risk [45]. Alterations in the ASXL1 gene are frequently
detected in various types of malignancies of the myeloid lineage, such
as Aplastic Anemia [45], Myelodysplastic Syndromes (MDS) [45], My-
eloproliferative Neoplasms [45], Chronic Myelomonocytic Leukemia
and especially in cases of AML [45]. In addition, according to Fugino
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T et al. [46] the presence of ASXL1 alterations is related to poor prog-
nosis in cases of hematopoietic diseases [46].The ASXL1 gene, which
belongs to the ASXL [47] family, is located on chromosome 20, locus
q11[15] and is capable of encoding the ASXL1 protein, belonging to
the TrxG and PcG groups, which are responsible for modifying the his-
tones of chromatin [16]. Mutations occurring in the Asx sex combs of
the ASXL1 gene affect the homeotic phenotype characteristic of both
groups belonging to it, such as PcG, the recessive complex, and TrxG,
the activating complex, causing a phenotypic deficiency, according to
Gao X etal [47].

In a complementary way, Fugino T et al. [46] point out that alter-
ations in the TrxG and PgG groups, in fact, mainly affect the differenti-
ation of cell lineage patterns [46]. Similarly, Mousa NO et al. [48] also
found that the presence of mutations in ASXL1 related to the TrxG and
PcG groups alters the ability to modify histones [48], and Medina EA
et al. [18] point out that cell lineage patterns actively depend on the
expressions made by the histones that have been altered along with
their group [18]. Gao X et al. [47] and Yang FC et al. [49] report that
the expression of the ASXL1 gene is constant throughout the embryo-
genesis process and subsequently in all adult tissues. Due to this con-
stancy, it is part of the list of genes that are often most affected in clon-
al hematopoiesis of undetermined potential (CHIP), along with the
RUNX1, NRASG12D, TET2 and DNMT3A genes. CHIP is strongly relat-
ed to ageing and smoking, increasing the risk of developing malignant
myeloid diseases by up to 10 times [47-49]. Furthermore, according
to a gene expression study carried out by Mousa NO et al. [48],a 52%
increase in ASXL1 expression levels can be observed in patients with
AML, reiterating its correlation with hematopoietic processes and the
worse prognosis of patients affected by the disease [48].

According to Asada A et al. [50] CHIP is characterized by a clon-
al expansion of pre-leukaemic somatic mutations in the absence of
evidence of hematological malignancies, and is also associated with
a high risk of developing neoplasms, as well as being related to poor
prognosis in relation to haematopoietic diseases [50]. Asada A et al.
[51] point out that ASXL1 alterations have a negative impact on AML
cases, reiterating that ASXL1 is necessary for the silencing of pheno-
typically deficient and mutant hematopoietic genes [51]. Such muta-
tions affect individuals with clonal hematopoiesis of undetermined
potential (CHIP), Rahmani ZNE et al [52] state that ASXL1 mutations
are more frequent in these patients, due to the direct alteration in PcG
proteins. In addition to clonal hematopoiesis of undetermined poten-
tial, Montalban-Bravo LG et al [53] point out that ASXL1 is also linked
to secondary AML.

Although the literature is extensive in relation to gene expression
and the consequences of mutations in ASXL1 [52,53] there are few
articles that report the presence of genetic polymorphisms, especial-
ly in missense regions and that promote alterations in the amino ac-
ids of the protein structure. Therefore, our study is a pioneer in the
in-silico identification of nine polymorphisms with MAF greater than

0.1 that may be correlated with the development and even the patho-
physiological processes associated with AML. The changes in proteins
caused by the presence of these genetic polymorphisms may result
in structural, functional or protein stability modifications. Recent
biological analyses have also shown that mutant ASXL1 plays cru-
cial roles in leukemogenesis and increases susceptibility to myeloid
transformation by altering histone modifications. [46,47]

Fugino T et al. [46] reiterates that alterations in ASXL1 actively
affect the differentiation of cells in accordance with normality, since
these alterations can modify the protein function of ASXL1, causing
loss of function and impairment of the metabolic processes in which it
is involved [46]. This highlights the importance of evaluating structur-
al, functional and protein stability aspects. Our analysis showed that
the polymorphisms rs139716375 (1268F); rs140896392 (A1512T);
rs142450571 (G704R); rs143594461 (C55R); rs145061712 (S767Y);
rs146743741 (D1525N); rs147905623 (D1230Y); rs148144203
(R1318W); 1s199681643 (H1524Y); rs200053121 (S304C);
rs3171367 (G1520R); rs370054224 (V179M) and rs373418380
(R265H) are able to modify the structure, function and stability of
ASXL1.

There are also increasingly clear indications that the natural pres-
ence of the mutant ASXL1 protein disrupts the process of blood cell
formation and stimulates the change to a malignant form of myeloid
cells, altering modifications in histones in a way that inhibits normal
function and, at the same time, activates gain-of-function mechanisms
[54,55]. In addition, new and promising therapeutic strategies are be-
ing explored to effectively treat hematopoietic malignancies that have
alterations in the ASXL1 [56-58] gene. Bewersdorf JP et al. [59] re-
ported that the presence of alterations in ASXL1 promotes an increase
in the response rate to therapy using the Anti-PD1 antibody Nivolum-
ab, but additional immunophenotypic studies are still needed to con-
firm these findings.

Conclusion

The ASXL1 gene is responsible for encoding the ASXL1 protein,
which plays an epigenetic preservation role during the hematopoie-
sis process, in order to maintain the stability and standardization of
histones during clonal expansion, with a view to cell suppression. The
consequences of the presence of polymorphisms in the ASXL1 gene
in missense positions with the capacity to alter amino acids in the
protein structure have not yet been well elucidated in the literature.
Our data show that after evaluating 175 missense polymorphisms,
13 [rs139716375 (1268F); rs140896392 (A1512T); rs142450571
(G704R); rs143594461 (C55R); rs145061712 (S767Y); rs146743741
(D1525N); rs147905623 (D1230Y); rs148144203 (R1318W);
rs199681643 (H1524Y); rs200053121 (S304C); rs3171367
(G1520R); rs370054224 (V179M) and rs373418380 (R265H)] have
MAF greater than 0. 1 and were considered deleterious in at least
80% of the tools used, so they may become important biomarkers in
clinical practice and deserve further investigation in AML patients.

Copyright@ : Larissa Teodoro | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009219.

50949


https://dx.doi.org/10.26717/BJSTR.2024.58.009219

Volume 58- Issue 5

DOI: 10.26717/BJSTR.2024.58.009219

Conflict of Interest

No conflict of interest was declared by the authors.

Financial Disclosure

The authors declared that study received no financial support.

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

Pelcovits A, Niroula R (n.d.,), Acute Myeloid Leukemia: A Review.

Yang X, Wang ] (2018) Precision therapy for acute myeloid leukemia. In
Journal of Hematology and Oncology 11(1).

Meireles Ferreira dos Santos M, Paiva de Jesus G, Penna Ferreira L, Ferreira
Fran¢a R (n.d.). LEUCEMIA MIELOIDE, AGUDA E CRONICA: DIAGNOSTI-
COS E POSSIVEIS TRATAMENTOS.

Silva GC da, Pilger DA, Castro SM de, Wagner SC (2006) Diagnéstico labo-
ratorial das leucemias mieléides agudas. Jornal Brasileiro De Patologia E
Medicina Laboratorial 42(2): 77-84.

(2023) Ministério da Saude, Instituto Nacional de Cancer José Alencar Go-
mes da Silva - INCA.

DiGiuseppe JA, Wood BL (2019) Applications of Flow Cytometric Immu-
nophenotyping in the Diagnosis and Posttreatment Monitoring of B and
T Lymphoblastic Leukemia/Lymphoma. Cytometry B Clin Cytom 96(4):
256-265.

Narayanan D, Weinberg OK (2020) How I investigate acute myeloid leuke-
mia. Int ] Lab Hematol 42(1): 3-15.

Marian H Harris, David R Czuchlewski, Daniel A Arber, Magdalena Czader
(2019) Genetic Testing in the Diagnosis and Biology of Acute Leukemia:
2017 Society for Hematopathology/European Association for Hematopa-
thology Workshop Report. American Journal of Clinical Pathology 152(3):
322-346.

Olga K Weinberg, Daniel A Arber (2022) How I Diagnose Acute Leukemia
of Ambiguous Lineage. American Journal of Clinical Pathology 158(1): 27-
34.

Klumb CE, Cavalcanti Janior GB (2002) Avaliagdo dos métodos de detec-
¢do das alteragdes do gene e proteina P53 nas neoplasias linféides. Revista
Brasileira De Hematologia E Hemoterapia 24(2): 111-125.

Quessada J, Cuccuini W, Saultier P, Loosveld M, Harrison CJ, et al. (2021)
Cytogenetics of pediatric acute myeloid leukemia: A review of the current
knowledge. Genes 12(6).

Hamerschlak N (2008) Leucemia: fatores prognésticos e genética. Jornal
De Pediatria 84(4): S52-S57.

Canzoneri R, Lacunza E, Abba MC (2019) Genomics and bioinformatics
as pillars of precision medicine in oncology. Medicina (B Aires) 79(Spec
6/1): 587-592.

Bui TO, Dao VT, Nguyen VT, Feugeas JP, Pamoukdjian F et al. (2022) Ge-
nomics of Clear-cell Renal Cell Carcinoma: A Systematic Review and Meta
analysis. Eur Urol 81(4): 349-361.

Hurtado R, Guirales F, Tirado CA (2021) ASXL1 Gene in AML. ] Assoc Genet
Technol 47(2): 60-68.

Asada S, Fujino T, Goyama S, Kitamura T (2019) The role of ASXL1 in hema-
topoiesis and myeloid malignancies. Cell Mol Life Sci 76(13): 2511-2523.

Medina EA, Delma CR, Yang FC (2022) ASXL1/2 mutations and myeloid
malignancies. ] Hematol Oncol 15(1): 127.

18.

19.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Park M (2021) Myelodysplastic syndrome with genetic predisposition.
Blood Res 56(S1): S34-S38.

Zhou NC, Li GH, Qin WW, Wang WQ, Guo HP, et al. (2021) [Clinical Char-
acteristics and Prognosis of Acute Myeloid Leukemia Patients with ASXL1
Gene Mutation]. Zhongguo Shi Yan Xue Ye Xue Za Zhi 29(6): 1741-1745.

. Lima JM de, Serafim PVP, Silva IDCG da, Forones NM (2006) Estudo do

polimorfismo genético no gene p53 (c6don 72) em cancer colorretal. Ar-
quivos De Gastroenterologia 43(1): 8-13.

Hawkins CL, Davies M] (2019) Detection, identification, and quantification
of oxidative protein modifications. ] Biol Chem 294(51): 19683-19708.

Wang S, Osgood AO, Chatterjee A (2022) Uncovering post-translational
modification associated protein-protein interactions. Curr Opin Struct
Biol 74: 102352.

Wang G, Vaisman II, van Hoek ML (2022) Machine Learning Prediction of
Antimicrobial Peptides. Methods Mol Biol 2405: 1-37.

Lee JM, Hammarén HM, Savitski MM, Baek SH (2023) Control of protein
stability by post translational modifications. Nat Commun 14(1): 201.

NIH - Naticional Library of Medicine. NCBI - National Center for Biotech-
nology Information. Bethesda, EUA.

(2021) THE UNIPROT CONSORTIUM. UniProt: the universal protein
knowledgebase in 2021. Nucleic Acids Research 49(8): D480-D489.

BENDL ], STOURAC ], SALANDA O, PAVELKA A, WIEBEN ED, et al. (2014)
PredictSNP: robust and accurate consensus classifier for prediction of dis-
ease-related mutations. PLoS Comput Biol 10(1): e1003440.

Stone EA, Sidow A (2005) Physicochemical constraint violation by mis-
sense substitutions mediates impairment of protein function and disease
severity. Genome Res 15(7): 978-986.

Bao L, Zhou M, Cui Y (2005) nsSNPAnalyzer: identifying disease-associat-
ed nonsynonymous single nucleotide polymorphisms. Nucleic Acids Res
33(Web Server issue): W480-2.

Brunham LR, Singaraja RR, Pape TD, Kejariwal A, Thomas PD, et al. (2005)
Accurate prediction of the functional significance of single nucleotide
polymorphisms and mutations in the ABCA1 gene. PLoS Genet 1(6): e83.

Capriotti E, Calabrese R, Casadio R (2006) Predicting the insurgence of
human genetic diseases associated to single point protein mutations with
support vector machines and evolutionary information. Bioinformatics
22(22):2729-2734.

Ramensky V, Bork P, Sunyaev S (2002) Human non synonymous SNPs:
server and survey. Nucleic Acids Res 30(17): 3894-3900.

Adzhubei 1A, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, et al.
(2010) A method and server for predicting damaging missense mutations.
Nat Methods 7(4): 248-249.

Ng PC, Henikoff S (2003) SIFT: Predicting amino acid changes that affect
protein function. Nucleic Acids Res 31(13): 3812-3814.

Bromberg Y, Rost B (2007) SNAP: predict effect of non-synonymous poly-
morphisms on function. Nucleic Acids Res 35(11): 3823-35.

Bendl ], Musil M, Stoura¢ J, Zendulka J, Damborsky ], et al. (2016) Pre-
dictSNP2: A Unified Platform for Accurately Evaluating SNP Effects by
Exploiting the Different Characteristics of Variants in Distinct Genomic
Regions. PLoS Comput Biol 12(5): e1004962.

Kircher M, Witten D, Jain P, et al. (2014) A general framework for estimat-
ing the relative pathogenicity of human genetic variants. Nat Genet 46:
310-315.

Copyright@ : Larissa Teodoro | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009219.

50950


https://dx.doi.org/10.26717/BJSTR.2024.58.009219
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-017-0543-7
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-017-0543-7
https://portal.unisepe.com.br/unifia/wp-content/uploads/sites/10001/2019/02/022_LEUCEMIA-MIELOIDE-AGUDA-E-CR%C3%94NICA-DIAGN%C3%93STICOS-E-POSS%C3%8DVEIS-TRATAMENTOS.pdf
https://portal.unisepe.com.br/unifia/wp-content/uploads/sites/10001/2019/02/022_LEUCEMIA-MIELOIDE-AGUDA-E-CR%C3%94NICA-DIAGN%C3%93STICOS-E-POSS%C3%8DVEIS-TRATAMENTOS.pdf
https://portal.unisepe.com.br/unifia/wp-content/uploads/sites/10001/2019/02/022_LEUCEMIA-MIELOIDE-AGUDA-E-CR%C3%94NICA-DIAGN%C3%93STICOS-E-POSS%C3%8DVEIS-TRATAMENTOS.pdf
https://www.scielo.br/j/jbpml/a/C6NQ7KQYbZNsdpp7TGW7vpk/
https://www.scielo.br/j/jbpml/a/C6NQ7KQYbZNsdpp7TGW7vpk/
https://www.scielo.br/j/jbpml/a/C6NQ7KQYbZNsdpp7TGW7vpk/
https://pesquisa.bvsalud.org/portal/resource/pt/lis-45283
https://pesquisa.bvsalud.org/portal/resource/pt/lis-45283
https://pubmed.ncbi.nlm.nih.gov/31231940/
https://pubmed.ncbi.nlm.nih.gov/31231940/
https://pubmed.ncbi.nlm.nih.gov/31231940/
https://pubmed.ncbi.nlm.nih.gov/31231940/
https://pubmed.ncbi.nlm.nih.gov/31820579/
https://pubmed.ncbi.nlm.nih.gov/31820579/
https://academic.oup.com/ajcp/article/152/3/322/5542438
https://academic.oup.com/ajcp/article/152/3/322/5542438
https://academic.oup.com/ajcp/article/152/3/322/5542438
https://academic.oup.com/ajcp/article/152/3/322/5542438
https://academic.oup.com/ajcp/article/152/3/322/5542438
https://academic.oup.com/ajcp/article/158/1/27/6623644
https://academic.oup.com/ajcp/article/158/1/27/6623644
https://academic.oup.com/ajcp/article/158/1/27/6623644
https://www.scielo.br/j/rbhh/a/tQx5pXCDC7FCt84qXFYXNFR/abstract/?lang=pt
https://www.scielo.br/j/rbhh/a/tQx5pXCDC7FCt84qXFYXNFR/abstract/?lang=pt
https://www.scielo.br/j/rbhh/a/tQx5pXCDC7FCt84qXFYXNFR/abstract/?lang=pt
https://www.mdpi.com/2073-4425/12/6/924
https://www.mdpi.com/2073-4425/12/6/924
https://www.mdpi.com/2073-4425/12/6/924
https://www.scielo.br/j/jped/a/S44MFfwG3qwj6DtwMpYXg3d/?lang=pt
https://www.scielo.br/j/jped/a/S44MFfwG3qwj6DtwMpYXg3d/?lang=pt
https://pubmed.ncbi.nlm.nih.gov/31864231/
https://pubmed.ncbi.nlm.nih.gov/31864231/
https://pubmed.ncbi.nlm.nih.gov/31864231/
https://pubmed.ncbi.nlm.nih.gov/34991918/
https://pubmed.ncbi.nlm.nih.gov/34991918/
https://pubmed.ncbi.nlm.nih.gov/34991918/
https://pubmed.ncbi.nlm.nih.gov/34140438/
https://pubmed.ncbi.nlm.nih.gov/34140438/
https://link.springer.com/article/10.1007/s00018-019-03084-7
https://link.springer.com/article/10.1007/s00018-019-03084-7
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-022-01336-x
https://jhoonline.biomedcentral.com/articles/10.1186/s13045-022-01336-x
https://www.bloodresearch.or.kr/journal/view.html?doi=10.5045/br.2021.2020327
https://www.bloodresearch.or.kr/journal/view.html?doi=10.5045/br.2021.2020327
https://www.scielo.br/j/ag/a/VXTX3vTjgy65hvhkjMKkQ3b/?lang=pt
https://www.scielo.br/j/ag/a/VXTX3vTjgy65hvhkjMKkQ3b/?lang=pt
https://www.scielo.br/j/ag/a/VXTX3vTjgy65hvhkjMKkQ3b/?lang=pt
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6926449/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6926449/
https://pubmed.ncbi.nlm.nih.gov/35334254/
https://pubmed.ncbi.nlm.nih.gov/35334254/
https://pubmed.ncbi.nlm.nih.gov/35334254/
https://pubmed.ncbi.nlm.nih.gov/35298806/
https://pubmed.ncbi.nlm.nih.gov/35298806/
https://www.nature.com/articles/s41467-023-35795-8
https://www.nature.com/articles/s41467-023-35795-8
https://pubmed.ncbi.nlm.nih.gov/24453961/
https://pubmed.ncbi.nlm.nih.gov/24453961/
https://pubmed.ncbi.nlm.nih.gov/24453961/
https://pubmed.ncbi.nlm.nih.gov/15965030/
https://pubmed.ncbi.nlm.nih.gov/15965030/
https://pubmed.ncbi.nlm.nih.gov/15965030/
https://pubmed.ncbi.nlm.nih.gov/15980516/
https://pubmed.ncbi.nlm.nih.gov/15980516/
https://pubmed.ncbi.nlm.nih.gov/15980516/
https://pubmed.ncbi.nlm.nih.gov/16429166/
https://pubmed.ncbi.nlm.nih.gov/16429166/
https://pubmed.ncbi.nlm.nih.gov/16429166/
https://pubmed.ncbi.nlm.nih.gov/16895930/
https://pubmed.ncbi.nlm.nih.gov/16895930/
https://pubmed.ncbi.nlm.nih.gov/16895930/
https://pubmed.ncbi.nlm.nih.gov/16895930/
https://pubmed.ncbi.nlm.nih.gov/12202775/
https://pubmed.ncbi.nlm.nih.gov/12202775/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855889/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2855889/
https://pubmed.ncbi.nlm.nih.gov/12824425/
https://pubmed.ncbi.nlm.nih.gov/12824425/
https://pubmed.ncbi.nlm.nih.gov/17526529/
https://pubmed.ncbi.nlm.nih.gov/17526529/
https://pubmed.ncbi.nlm.nih.gov/27224906/
https://pubmed.ncbi.nlm.nih.gov/27224906/
https://pubmed.ncbi.nlm.nih.gov/27224906/
https://pubmed.ncbi.nlm.nih.gov/27224906/

Volume 58- Issue 5

DOI: 10.26717/BJSTR.2024.58.009219

38. Daniel Quang, Yifei Chen, Xiaohui Xie (2015) DANN: a deep learning ap-
proach for annotating the pathogenicity of genetic variants, Bioinformat-
ics 31(5): 761-763.

39. Hashem A, Mark F Rogers, Julian Gough, Matthew Mort, David N Cooper,
et al. (2015) Shihab and others, an integrative approach to predicting the
functional effects of non-coding and coding sequence variation. Bioinfor-
matics 31(10): 1536-1543.

40. FuY, LiuZ, Lou S, Bedford ], Mu X], et al. (2014) FunSeq2: a framework for
prioritizing noncoding regulatory variants in cancer. Genome Biol 15(10):
480.

41. Ritchie G, Dunham I, Zeggini E, Paul Flicek (2014) Functional annotation
of noncoding sequence variants. Nat Methods 11: 294-296.

42. Cheng ], Randall A, Baldi P (2006) Prediction of protein stability changes
for single-site mutations using support vector machines. Proteins 62(4):
1125-1132.

43. Carlos HM Rodrigues, Douglas EV Pires, David B (2018) Ascher DynaM-
ut: predicting the impact of mutations on protein conformation, flexibility
and stability, Nucleic Acids Research 46(W1): W350-W355.

44. Nie YB, Sun M, He CK, Ju MK, Zhou FL, et al. (2018) ASXL1 mutations in
Chinese patients with essential thrombocythemia. Exp Ther Med 15(5):
4149-4156.

45. Fujino T, Kitamura T (2020) ASXL1 mutation in clonal hematopoiesis. Exp
Hematol 83: 74-84.

46. Gao X, You X, Droin N, Banaszak LG, Churpek ], et al. (2022) Role of ASXL1
in hematopoiesis and myeloid diseases. Exp Hematol 115: 14-19.

47. Mousa NO, Gado M, Assem MM, Dawood KM, Osman A (2021) Expression
profiling of some Acute Myeloid Leukemia - associated markers to assess
their diagnostic / prognostic potential. Genetics and molecular biology
44(1): e20190268.

48. Yang FC, Agosto Pefia ] (2023) Epigenetic regulation by ASXL1 in myeloid
malignancies. Int ] Hematol 117(6): 791-806.

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.58.009219

Larissa Teodoro. Biomed ] Sci & Tech Res
@ @ This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

49. Asada S, Kitamura T (2019) Aberrant histone modifications induced by
mutant ASXL1 in myeloid neoplasms. Int ] Hematol 110(2): 179-186.

50. Asada S, Kitamura T (2021) Clonal hematopoiesis and associated diseas-
es: A review of recent findings. Cancer Sci 112(10): 3962-3971.

51. Z Rahmani NE, Ramachandra N, Sahu S, Gitego N, Lopez A, et al. (2021)
ASXL1 mutations are associated with distinct epigenomic alterations that
lead to sensitivity to venetoclax and azacytidine. Blood Cancer ] 11(9):
157.

52. L Montalban Bravo G, Kanagal Shamanna R, Class CA, Sasaki K, Ravandi
F et al. (2020) Outcomes of acute myeloid leukemia with myelodysplasia
related changes depend on diagnostic criteria and therapy. Am ] Hematol
95(6): 612-622.

53. Nagase R, Inoue D, Pastore A, Fujino T, Hou HA, et al. (2018) Expression
of mutant Asxl1 perturbs hematopoiesis and promotes susceptibility to
leukemic transformation 215(6): 1729-1747.

54. Asada S, Goyama S, Inoue D, Shikata S, Takeda R, et al (2018) Mutant
ASXL1 cooperates with BAP1 to promote myeloid leukaemogenesis. Nat
Commun 9(1): 2733.

55. Inoue D, Fujino T, Sheridan P, Zhang YZ, Nagase R, et al (2018) A novel
ASXL1-0GT axis plays roles in H3K4 methylation and tumor suppression
in myeloid malignancies. Leukemia 32(6): 1327.

56. Saika M, Inoue D, Nagase R, Sato N, Tsuchiya A, et al (2018) ASXL1 and
SETBP1 mutations promote leukaemogenesis by repressing TGFbeta
pathway genes through histone deacetylation. Sci Rep 8(1): 15873.

57. Yang H, Kurtenbach S, Guo Y, Lohse I, Durante MA, et al (2018) Gain of
function of ASXL1 truncating protein in the pathogenesis of myeloid ma-
lignancies. Blood 131(3): 328-341.

58. Bewersdorf JP, Abdel Wahab O (2022) Translating recent advances in the
pathogenesis of acute myeloid leukemia to the clinic. Genes Dev 36(5-6):
259-277.

Assets of Publishing with us

BIOMEDICAL
RESEARCHES ¢ Global archiving of articles

B A ¢ Immediate, unrestricted online access

‘'8 @ % e Rigorous Peer Review Process

* a2y

v m N ¢ Authors Retain Copyrights
v [ e Unique DOI for all articles

https://biomedres.us/

Copyright@ : Larissa Teodoro | Biomed ] Sci & Tech Res | BJSTR.MS.ID.009219. 50951


https://dx.doi.org/10.26717/BJSTR.2024.58.009219
https://academic.oup.com/bioinformatics/article/31/5/761/2748191
https://academic.oup.com/bioinformatics/article/31/5/761/2748191
https://academic.oup.com/bioinformatics/article/31/5/761/2748191
https://academic.oup.com/bioinformatics/article/31/10/1536/177080
https://academic.oup.com/bioinformatics/article/31/10/1536/177080
https://academic.oup.com/bioinformatics/article/31/10/1536/177080
https://academic.oup.com/bioinformatics/article/31/10/1536/177080
https://pubmed.ncbi.nlm.nih.gov/25273974/
https://pubmed.ncbi.nlm.nih.gov/25273974/
https://pubmed.ncbi.nlm.nih.gov/25273974/
https://www.nature.com/articles/nmeth.2832
https://www.nature.com/articles/nmeth.2832
https://pubmed.ncbi.nlm.nih.gov/16372356/
https://pubmed.ncbi.nlm.nih.gov/16372356/
https://pubmed.ncbi.nlm.nih.gov/16372356/
https://academic.oup.com/nar/article/46/W1/W350/4990022
https://academic.oup.com/nar/article/46/W1/W350/4990022
https://academic.oup.com/nar/article/46/W1/W350/4990022
https://pubmed.ncbi.nlm.nih.gov/29725364/
https://pubmed.ncbi.nlm.nih.gov/29725364/
https://pubmed.ncbi.nlm.nih.gov/29725364/
https://pubmed.ncbi.nlm.nih.gov/31945396/
https://pubmed.ncbi.nlm.nih.gov/31945396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10364143/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10364143/
https://www.scielo.br/j/gmb/a/6fpfhFYxcnzMKsZNGzhYsht/abstract/?lang=en
https://www.scielo.br/j/gmb/a/6fpfhFYxcnzMKsZNGzhYsht/abstract/?lang=en
https://www.scielo.br/j/gmb/a/6fpfhFYxcnzMKsZNGzhYsht/abstract/?lang=en
https://www.scielo.br/j/gmb/a/6fpfhFYxcnzMKsZNGzhYsht/abstract/?lang=en
https://pubmed.ncbi.nlm.nih.gov/37062051/
https://pubmed.ncbi.nlm.nih.gov/37062051/
https://pubmed.ncbi.nlm.nih.gov/30515738/
https://pubmed.ncbi.nlm.nih.gov/30515738/
https://pubmed.ncbi.nlm.nih.gov/34328684/
https://pubmed.ncbi.nlm.nih.gov/34328684/
https://pubmed.ncbi.nlm.nih.gov/34548471/
https://pubmed.ncbi.nlm.nih.gov/34548471/
https://pubmed.ncbi.nlm.nih.gov/34548471/
https://pubmed.ncbi.nlm.nih.gov/34548471/
https://pubmed.ncbi.nlm.nih.gov/32112433/
https://pubmed.ncbi.nlm.nih.gov/32112433/
https://pubmed.ncbi.nlm.nih.gov/32112433/
https://pubmed.ncbi.nlm.nih.gov/32112433/
https://pubmed.ncbi.nlm.nih.gov/29643185/
https://pubmed.ncbi.nlm.nih.gov/29643185/
https://pubmed.ncbi.nlm.nih.gov/29643185/
https://pubmed.ncbi.nlm.nih.gov/30013160/
https://pubmed.ncbi.nlm.nih.gov/30013160/
https://pubmed.ncbi.nlm.nih.gov/30013160/
https://pubmed.ncbi.nlm.nih.gov/29556021/
https://pubmed.ncbi.nlm.nih.gov/29556021/
https://pubmed.ncbi.nlm.nih.gov/29556021/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6203835/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6203835/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6203835/
https://pubmed.ncbi.nlm.nih.gov/29113963/
https://pubmed.ncbi.nlm.nih.gov/29113963/
https://pubmed.ncbi.nlm.nih.gov/29113963/
https://pubmed.ncbi.nlm.nih.gov/35318270/
https://pubmed.ncbi.nlm.nih.gov/35318270/
https://pubmed.ncbi.nlm.nih.gov/35318270/
https://dx.doi.org/10.26717/BJSTR.2024.58.009219

