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Myelodysplastic syndrome (MDS), is a group of heterogeneous disorders of hematopoietic stem cell colonies

which is determined by incomplete hematopoiesis in one or more cell lines. The incidence increases with age and
it has less been reported among patients under 50 years of age. The commonest form of MDS is sporadic, and
familial occurrence of MDS is rare. Patients with familial MDS are younger at the time of diagnosis than
individuals with sporadic disease and are faced with an unusual family history of more than one first-degree
relative with MDS. In this study, we investigated a family with 16 members which has a family history of MDS
in three consecutive generations. Cytogenetic and chromosome analyzes were performed on the 16 members of
the family. Moreover, let-7a miRNA expression and its target gene, NRAS were evaluated compared to the control
group. The karyotype analysis in this family shows two patients with abnormal karyotype, whereas expression of
the let-7a and NRAS in this family showed a significant decrease compared to the control group. Regarding the
decreased expression of let-7a in patient samples, this miRNA can be further considered as a marker for early

diagnosis of MDS disease.
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yelodysplastic syndrome (MDS) is a group
Mof heterogeneous disorders of hematopoietic
stem cell (HSC) colonies which is determined by
incomplete hematopoiesis in one or more cell lines
and defect in the maturation of myelopoiesis
progenitor cell and it causes peripheral blood
cytopenia, morphological dysplasia, progressive

bone marrow failure and an increased risk of

transforming to acute myeloid leukemia (AML) (1-
3). The incidence of this disease increases with age,
and its prevalence is mainly in adults and it has less
been reported among patients under 50 years of age
4,9).

The commonest form of MDS is sporadic and
the disease occurs most frequently in older people

with a median age of 65 years (6). Familial
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occurrence of MDS is rare, but can provide a
valuable resource for research. To date, fewer
families have been examined for this disease. These
investigations have been difficult due to the rarity of
familial MDS and in most cases pedigrees are too
small and also the access to the entire family is very
difficult. Patients with familial MDS are younger at
the time of diagnosis than individuals with sporadic
disease and are faced with an unusual family history
of more than one first-degree relative with MDS.
Most of the pedigrees which were reported so far,
demonstrated a dominant autosomal pattern of
inheritance (7, 8).

Diagnosis, prognosis and classification of
MBDS is of great importance for physicians and is
challenging in subjects affected with MDS (9).
Cytogenetic abnormalities can be seen in 50% of
patients with MDS and the rest are patients with a
normal karyotype (10, 11). Therefore, for the early
and accurate diagnosis of this disease, new markers
are needed. Micro RNAs (miRNAs) play a crucial
role in the regulation of the hematopoietic system
and are involved in many of the specialized
processes of the hematopoietic cells (12). miRNAs,
are small non-coding RNAs, with 18-25 nucleotides
length which are responsible for the regulation of
gene expression at post transcriptional level (13).

The profiles and expression of many miRNAs are

I :::i o
M o W0 00 B0 G Ot
¥home T ol

O Mormal male and female

B & Affected male and female

Figure 1. Pedigree of the family presenting MDS.
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investigated in tumor tissues compared to normal
ones to achieve a panel of markers for the diagnosis
and prognosis of cancers and their classification (14,
15).

Let-7 miRNA family is one of the first
miRNAs which were identified and have been
highly conserved during evolution (16). In humans,
different genes of let-7 have been reported that are
located in regions of chromosomes which are
deleted in human cancers. Many studies have shown
that miRNAs regulate RAS which acts as a crucial
oncogene in humans. Three human RAS genes have
let-7 binding sites in their 3 'UTR through which the
cell cycle can be regulated (17).

The investigation of miRNAs expression in
patients with MDS can be used as an early diagnosis
tool for prognosis and classification of this disease.
Molecular study and cytogenetic characteristics of
familial MDS, such as cDNA expression profiles
between affected and unaffected family members
help to reveal the molecular pathways that are

involved in this disease (18).

Materials & methods

Patients

Peripheral blood samples from 16 members of
a family with MDS (Figure 1) and 34 healthy normal

control groups aged between 10-70 years old were
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collected. Since the incidence of this disease
increases with age, suitable control samples were
chosen proportionate to family members’ age. Blood
cells counting was performed for all normal control
group subjects and they were screened in terms of
being free from MDS disease. Among the family
members, 6 patients had MDS and the rest of them
were healthy. Sampling was conducted from two
generations of this family. In the first generation of
the affected family, the father died at the age of 50
due to AML which was the consequence of MDS
and unfortunately we did not have access to his
blood sample. According to world health
organization (WHO) criteria, all patients of this
family were in refractory cytopenia with unilineage
dysplasia (RCUD) group, and according to revised
international prognostic scoring system (IPSS-R)
for MDS, they were in the low risk group with the
average survival time of 3.5 years. Written informed
consent was obtained from all participants.
Moreover, this research project has been approved
by the ethics committee of Mashhad University of
Medical Sciences.
Cytogenetic analyzes

Chromosomal analysis was performed on the
basis of GTG-banding technique at high resolution.
Peripheral blood lymphocytes were cultured in
RPMI 1640 medium (Gibco®) enriched with FBS
phytohemagglutinin and L-glutamine. The cells
were cultured for 72 h at 37 °C in a CO; incubator.
Cultures were stopped by adding colcemid solution
2 h before harvesting, then the cells were exposed to
hypotonic  solution and fixed. Metaphase
chromosome spread was prepared and G-banding
technique was applied with the use of trypsin-
giemsa (GTG). Analysis of the karyotype was
performed in at least 20 metaphase cells. Karyotypes
were described according to the international system

of human cytogenetic nomenclature (ISCN).

Molecular analyzes

Peripheral blood mononuclear cells were
isolated by ficoll technique, then RNA and miRNA
were extracted separately by using Hybriyd-R
miRNA kit (Gene ALL company) and then cDNA
synthesis was performed using miScript II RT Kit
(Qiagen company). In order to study NRAS gene
expression and /et-7a, in the next stage quantitative
real-time PCR reactions were performed using
Syber Green and in triplicate for each reaction using
Step one (ABI company). GAPDH and mir-192
were used as internal control for NRAS and let-7a
genes, respectively. Primers of NRAS and GAPDH
genes were designed using the online primer 3
software. To investigate the microRNA expression
Qiagen company primers were used. To confirm the
sequencing of amplified fragment, the products of
real time PCR were cloned and sequenced using
E.coli bacteria and pBluescript SK (+) vector.
Statistical analyzes

Fold Change, related to NRAS and let-7a
miRNA genes were calculated in all patients
compared to control group using the equation
2-AACT — - (ACT patient - ACT normal) ‘Tndependent T test
was conducted using SPSS statistical software to

compare the overall situation of fold change.

Cytogenetic analyzes

Out of 16 members of the studied family, 14
revealed a normal karyotype whereas the two other
members appeared with abnormal karyotype
involving a partial trisomy in 1p34 region in one
subject and a robertsonian translocation between

chromosomes number 13 and 14 in the other subject
Real-time PCR reaction

The results of T-independent test for the

expression (fold change) obtained from the equation
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Figure 2. Comparison of let-7a expression in MDS family and
control group. The expression of let-7a was higher in normal

subjects (control) compared to MDS family members (sample);
P< 0.0001.

2- AACT for let-7a miR in family compared to the
control group, showed a P value less than 0.0001,
indicating a significant decrease in expression of et-
7a miR compared to the control group (Figure 2).

Comparison of let-7a miRNA expression in
samples of women and men in the family with the
control group showed reduced expression of /et-7a
miRNA (Figure 3).

T-independent test results for the investigation
of the expression obtained from the equation 2- 24¢T
for NRAS gene in the family compared to the control
group show P value less than 0.0001 which shows
significant decrease of NRAS gene expression
compared to the control group (Figure 4).

T test results in women of the family compared

to women in the control group did not show
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Figure 4. Comparison of NRAS expression in MDS family and
control group. The expression of NRAS was higher in normal
subjects (control) compared to MDS family members (sample);
P< 0.0001.
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Figure 3. Comparison of /et-7a in women and men of MDS
family and control group.Let -7a expression was significantly
decreased in both male (Sample M) and female (Sample F)
subjects of MDS family in comparison with healthy male
(Control M) and female (Control F) subjects; P< 0.0001.

significant difference (P value = 0.5899) and in men
of the family compared to men in control showed
reduced expression of NRAS in patients with P value

less than 0.0001 (Figure 5).

Discussion

MBDS is a disorder of HSC colonies which is
determined by defect in the maturation of
myelopoietic progenitor cells (19). The familial
cases are rare (20) and few studies have so far been
conducted on the disease inheritance and contri-
buting factors in the disease creation. Examination

of the families suffering from MDS may assist unde-
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Figure 5. Comparison of NRAS in women and men of MDS
family and control group. NRAS expression was significantly
decreased in male (sample M) subjects of MDS family in
comparison with healthy male (control M) subjects ( P< 0.0001),
but its expression did not vary significantly between female
MDS (sample F) and normal female (control F) subjects.
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rstanding of the disease mechanism.

In the present study, cytogenetic alterations,
miRNA let-7a expression and the possible target
gene, NRAS, have been investigated in a MDS
affected family. In a similar study, three generations
of the family with AML or MDS members have
been examined (21).

In the present study, 14 members of the family
had normal karyotype. One member showed 13q14q
robertsonian translocation the other member showed
partial trisomy in 1p34 region. No studies has yet
been reported on 13q14q robertsonian translocation
along with MDS disease. The anomaly seems an
accidental finding in the reported family; however,
the affected member was informed and the
necessary preventaional instructions were provided.
In addition, information on possible childbirth with
Patau syndrome was given to the family. The second
case showed partial trisomy in 1p34 region. This
might be a de novo chromosomal defect due to the
disease regarding the lack of report on other family
members.

Retrospective studies have disclosed that
cytogenetic abnormality have been observed in only
50 percent of MDS patients (22). Hence, we need
newer markers to detect genetically the disease in
early stages, and accurately. Investigation of
families with both established and newer molecular
genetic techniques may also identify novel causative
mechanisms. In addition, expression profile
comparison between MDS familial and sporadic
cases can reveal the differences and similarities in
paths which migth be deregulated (7).

Many miRNAs deregulation have been proved
in different diseases (16, 23). Human cancer profiles
analysis has proved that miRNAs will be
deregulated noticeably in these cancers. Most of the
time they lead to cancer when cells grow abnormally
and lose apoptosis function. Recent studies has

showed that miRNAs control cellular growth and

apoptosis (24). Detection of miRNAs which are
expressed differently in tumor and normal samples
may assist in identification of miRNAs involved in
human cancers and their expression profile may be
a useful biomarker for cancer detection (25).
Candidate miRNAs expressional decrease or
increase analysis is a proper approach for miRNAs
function study in cancers (26).

On the other hand, decrease in miRNA /let-7a
expression has been observed showng its role as a
tumor suppressor in cancers (27). Precious
information exists on miRNAs expressional
alterations mechanism in cancers but little
information has been reported on their alterations in
MDS.

Some abnormal miRNAs expression in bone
marrow cause defection in HSC self-renewal and
transforming to AML (19). In addition, miRNA
expressional alterations inside MDS mature blood
cells may cause defect in differentiation which
causes neutropenia, thrombocytopenia and anemia.
miRNAs expressional markers in normal CD34+
cells and AML cell has revealed some key miRNAs
in AML pathobiology (28). Also, some evidence has
been obtained on miRNA expressional alterations
due to cytogenetic alterations. These alterations
relationship has been proved in leukaemia with
cytogenetic profile (29, 30).

In the present study, no relationship has been
observed between cytogenetic alterations and
targeted miRNA expression. In comparison with
another study conducted by Hussein et al. who
reported a significant relationship between few
miRNAs expression alterations and cytogenetic
alterations and detected miRNA markers among
patients with normal and abnormal karyotype (31).
Different performance approaches, targeted
miRNAs type, sample size and familial/sporadic
MDS type migth be at the origin of differences

observed with our findings. Also, in another study
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carried out by the above-said group, it was revealed
that mir-150 presents a noticeable increase in
expression in MDS patients with 5q deletion (32).

Many studies have shown that miRNA
regulates R4S which acts as a crucial oncogene in
humans. Three human RAS genes have let-7a
binding sites in their 3' UTR that expose these
oncogenes to the let-7a through which they may
regulate the cell cycle (17).

In the present study, the expression of let-7a
miRNA decreased significantly (P value< 0.0001)
between the control group and members of the
family (affected and healthy). So far, no studies have
been conducted on the expression of the miRNA in
the peripheral blood mononuclear cells of patients
with MDS. The only similar study was conducted by
Zuo et al., in which let-7a miRNA expression was
evaluated in the plasma of patients with MDS with
findings in line with the results that we have
achieved (33).

The expression of /e-7a miRNA has been
studied in other cancers. Takamizawa et al. showed
that the expression level of let-7a was decreased in
vitro and in vivo. They also showed that the increase
of miRNA expression in A549 lung adenocarcinoma
cell line, prevents cells growth (34). Moreover, in
another study, Johnson et al. showed that lung tumor
tissue has significant reduction in the expression
level of let-7a. The RAS protein levels increased
significantly in lung tumor patients which suggest
that let-7a acts as a regulator of RAS in the
oncogenic pathway in lung cancer (35).

In the present study the expression of NRAS
was decreased in the studied family members in
comparison with the control group, which was
contrary to our expectation as NRAS is a let-7a
target, which decreased among our studied family
members, suggesting a tumor suppressor function
for this miRNA. Our observation is opposed to the

results reported by Johnson et al. on lung cancer

Heydari Sh et al.

(35). This controversy may reflect differences in the
mechanism of action of this miRNA in two different
tissues.

On the other hand, it seems that let-7a miRNA
does not affect NRAS in bone marrow cells. In
addition /et-7a miRNA has other targets which may
be deregulatrd by the decreased expression of this
miRNA. Each of these targets can potentially be
involved in MDS development through different
mechanisms, such as cell proliferation increase,
apoptosis and cell cycle deregulation (36).

Furthermore, studies have found that RAS has
a dual nature in apoptosis, acting as both pro- or anti-
apoptotic agent depending on the downstream
pathway that is activated by RAS. Therefore, the
decreased expression of RAS in the studied family
may have acted in a way that leaded to the loss of
RAS apoptotic function and activated the anti-
apoptotic mechanism in cells carrying the disease
37).

The decrease in expression of let-7a miRNA
and its target gene, NRAS in healthy individuals of
the family compared to the normal population may
indicate a genetic predisposition in these people for
the development of MDS disease. Results of this
study propose the necessity of carrying a functional
study to prove the role of NRAS and let-7a miRNA
in MDS disease.
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