Asadi S, et al., J Protein Res Bioinform 2020, 2: 004
DOI: 10.24966/PRB-1545/100004

HSOA Journal of

Protein Research and Bioinformatics

Review Article

The Role of Mutations on Genes
RPS14, MIR145, MIR146A, in
Myelodysplastic Syndrome

Shahin Asadi*

Division of Medical Genetics and Molecular Pathology Research, Harvard
University, Boston Children’s Hospital, Massachusetts, USA

Abstract

Myelodysplastic Syndrome (MDS) refers to a heterogeneous
group of closely related clonal hematopoietic disorders commonly
found in the aging population. All are characterized by one or more
peripheral blood cytopenias. Bone marrow is usually hypercellular,
but rarely, a hypocellular marrow mimicking aplastic anemia may be
seen. Bone marrow cells display aberrant morphology and matura-
tion (dysmyelopoiesis), resulting in ineffective blood cell production.

MDS affects hematopoiesis at the stem cell level, as indicated
by cytogenetic abnormalities, molecular mutations, and morpholog-
ic and physiologic abnormalities in maturation and differentiation of
one or more of the hematopoietic cell lines.
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Overview of Myelodysplastic Syndrome

Myelodysplastic syndrome, also known as minus 5q (-5q) syn-
drome, is a genetic disorder that affects the bone marrow. In myelo-
dysplastic syndrome, the development of red blood cells is affected
and results in the reduction of these cells (anemia) [1].

Clinical Signs and Symptoms of Myelodysplastic
Syndrome

People with myelodysplastic syndrome are associated with de-
creased red blood cells (erythrocytes) and abnormal size of these
cells (macrocytes). Most people with myelodysplastic syndrome have
no symptoms of anemia, but some sufferers develop severe fatigue,
weakness, and facial tiredness [1] (Figure 1).
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Figure 1: Image of human hands with myelodysplastic syndrome with skin malfor-
mations.

People with myelodysplastic syndrome also suffer from abnormal
bone marrow cells called megakaryocytes that produce platelets. In
addition, some people with myelodysplastic syndrome have excessive
platelets. Patients with myelodysplastic syndrome are also at risk for
leukemia. This cancer can progress very quickly to Acute Myeloid
Leukemia (AML). It is noteworthy that AML progression is less com-
mon in people with myelodysplastic syndrome [1,2] (Figure 2).

Figure 2: Microscopic image of peripheral blood flow associated with myelodys-
plastic syndrome.

Etiology of Myelodysplastic Syndrome

Myelodysplastic syndrome is caused by the deletion of a DNA
region from the long arm (q) of chromosome 5. In this knockout mu-
tation, about 1.5 million bp (1.5Mb) is removed from the building
blocks of the DNA molecule. The magnitude of the knockout muta-
tion in this syndrome varies among affected individuals. This deletion
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mutation occurs in the immature blood cells of patients with myelo-
dysplastic syndrome and affects one of two copies of chromosome 5
in each cell. The deletion region contains 40 genes, many of which
play a critical role in the development of normal blood cells. Research
shows that deleting multiple genes in the long arm of chromosome 5
contributes to the characteristics of myelodysplastic syndrome. Dele-
tion of the RPS14 gene located on chromosome 5 arm 5g33.1 leads
to impaired red blood cell development and deletion of the MIR145
gene located on chromosome 5 arm 5q32 or the MIR146A gene in
the arm. The long chromosome 5 is located at 5q33.3, causing mega-
karyocyte and platelet abnormalities and may increase the immature
cell growth. Researchers are trying to determine how deletion of nu-
merous other genes from the long arm of chromosome 5 could be
involved in the characterization of myelodysplastic syndrome. Myel-
odysplastic syndrome occurs as a result of new mutations in somatic
cells and does not follow any inherited pattern [1,3] (Figure 3).

Figure 3: Schematic overview of chromosome 5 where the RPS14 gene is located in
the long arm of chromosome 5q33.1.

Frequency of Myelodysplastic Syndrome

Myelodysplastic syndrome is a chromosomal disorder with a
prevalence of 1 in 20,000 in the United States. Myelodysplastic syn-
drome is more common in men than in women [1,4] (Figures 4-6).

Figure 4: Schematic overview of chromosome 5 where the MIR 145 gene is located on
the long arm of chromosome 5q32.

Figure 5: Schematic overview of chromosome 5 where the MIR146A gene is located
in the long arm of chromosome 5q33.3.

Diagnosis of Myelodysplastic Syndrome

Myelodysplastic syndrome is diagnosed based on the clinical and
physical findings of the patients and some pathological tests. The
best way to diagnose this syndrome is by molecular cytogenetic test-
ing, such as in situ fluorescence hybridization (FISH) technique, to

investigate the presence of a deletion mutation in chromosome num-
ber 5 arm. Prenatal diagnosis is also possible using PGD and amnio-
centric fluid or sampling of fetal placenta chorionic villi [1,5] (Figures
7 & 8).

Figure 6: Schematic of the molecular pathway of myelodysplastic syndrome.

Figure 7: Schematic of normal blood cells (left) versus low-risk myelodysplastic syn-
drome (middle) blood cells and high-risk myelodysplastic syndrome blood cells that
have acute myeloid leukemia or AML (the right side).
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Figure 8: Schematic of the genetic codes for the miR-145 gene.

Therapeutic pathways of Myelodysplastic Syndrome

The strategy of treatment and management of myelodysplastic
syndrome is symptomatic and supportive. Treatment may be done
with the efforts of a team of specialists including pediatricians,
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hematologists, oncologists and other health care professionals. There
is little effective treatment for this syndrome and all clinical measures
are to reduce the suffering of patients. Genetic counseling is also im-
portant for all parents who want a healthy baby [1,6] (Figure 9).

Figure 9: Microscopic overview of myelodysplastic syndrome blood cells.

N

Discussion and Conclusion

In a patient with a myelodysplastic syndrome, the blood stem cells
(immature cells) do not become mature red blood cells, white blood
cells, or platelets in the bone marrow. These immature blood cells,
called blasts, do not work the way they should and either die in the
bone marrow or soon after they go into the blood. This leaves less
room for healthy white blood cells, red blood cells, and platelets to
form in the bone marrow. When there are fewer healthy blood cells,
infection, anemia, or easy bleeding may occur. Different types of
treatment are available for patients with myelodysplastic syndromes.
Some treatments are standard (the currently used treatment), and
some are being tested in clinical trials. A treatment clinical trial is
a research study meant to help improve current treatments or obtain
information on new treatments for patients with cancer. When clinical
trials show that a new treatment is better than the standard treatment,
the new treatment may become the standard treatment. Patients may
want to think about taking part in a clinical trial. Some clinical tri-
als are open only to patients who have not started treatment. Patients
with a myelodysplastic syndrome who have symptoms caused by low

blood counts are given supportive care to relieve symptoms and im-
prove quality of life. Drug therapy may be used to slow progression
of the disease. Certain patients can be cured with aggressive treatment
with chemotherapy followed by stem cell transplant using stem cells
from a donor [1,7]. Research shows that deleting multiple genes in
the long arm of chromosome 5 contributes to the characteristics of
myelodysplastic syndrome. Deletion of the RPS14 gene located on
chromosome 5 arm 5q33.1 leads to impaired red blood cell develop-
ment and deletion of the MIR145 gene located on chromosome 5 arm
5q32 or the MIR146A gene in the arm. The long chromosome 5 is
located at 5q33.3, causing megakaryocyte and platelet abnormalities
and may increase the immature cell growth. Researchers are trying to
determine how deletion of numerous other genes from the long arm
of chromosome 5 could be involved in the characterization of myel-
odysplastic syndrome. Based on the findings of this study, it can be
concluded that mutations in each of these three genes lead to separate
abnormalities, all of which are associated with blood cells [1,7].
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