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ABSTRACT

Background: Umbilical cord blood has been used for transplantation in regenerative medicine of hemato-
logical disorders. MicroRNAs are important regulators of gene expression that control both physiological
and pathological processes such as development and cancer. Some studies have shown that miR-33, p53
and c-myc have critical roles in control of self-renewal cells.

Objective: To understand the effect of adipose-derived mesenchymal stem cells (ADSCs), as a feeder layer,
on expansion of HSCs, the expression of p53 and miR-33a were evaluated.

Methods: Isolated human ADSCs in passage 3 were cultured as a feeder layer. Ex vivo cultures of cord
blood CD34+ cells were performed in three culture conditions for 7 days: cytokines with ADSCs feeder
layer, cytokines without ADSCs feeder layer, and co-culture with ADSCs without cytokine. Expression of
genes p53, c-myc and miR-33 were analyzed by real-time PCR.

Results: The expression of p53 was significantly down-regulated in HSCs directly cultured on ADSCs feed-
er layer compared to that cultured without feeder layer. The expression of miR-33a was significantly up-
regulated in HSCs directly cultured on feeder layer compare to that cultured without feeder layer.

Conclusion: Defining the role of ADSCs in controlling the HSC self-renewal through miR-33, p53 and c-myc
may lead to the treatment and prevention of hematopoietic disorders.
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INTRODUCTION

l I mbilical cord blood (UCB) has been
used for transplantation in regenera-
tive medicine of hematological dis-

orders. Attempts to improve hematopoietic

reconstitution and engraftment potential of
ex vivo expanded hematopoietic stem and pro-
genitor cells have largely been unsuccesstul
due to the inability to generate sufficient stem
cell numbers and to excessive differentiation of
the starting cell population [17]. In vitro stud-
les showed that control of hematopoietic stem
cells (HSCs) self-renewal in culture is difficult.

Hematopoietic cytokines have failed to sup-
port reliable amplification of HSCs in culture;
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it seems additional factors to be required. Re-
cently, factors such as feeder layer have been
reported to affect HSC expansion. Mesenchy-
mal stem cells, as a feeder layer, could prevent
apoptosis of expanded hematopoietic stem
cells derived from cord blood [2]. Adipose
stem cells (ASCs) show properties similar
to that observed in bone marrow mesenchy-
mal stem cells. Due to easy accessibility, hu-
man adipose-derived mesenchymal stem cells
(hADSC) are an attractive source for regen-
erative medicine [87]. ASCs have been shown
to be immunoprivileged, prevent severe gratt-
versus-host disease n vitro and in vivo and
to be genetically stable in long-term culture.
They have also proven applicability in other
functions, such as providing hematopoietic
support and gene transfer [47]. ADSCs exhibit
high intrinsic expression of self-renewal sup-
porting factors compared to bone marrow
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mesenchymal stem cells [57]. Since ADSCs
produced various factors to support stem cells
maintenance and cell growth, here we used
them as a feeder layer for expansion of HSCs.

MicroRNAs are important regulators of gene
expression that control both pathophysiologi-
cal processes such as development and can-
cer [5]. MicroRNAs are short noncoding
RNAs, usually 18-25 nucleotides in length,
which repress translation and cleave mRNA
by base pairing to the 3’ untranslated region
of the target genes [7]. It has been demon-
strated that miRNAs play important roles in
developmental biology, cellular differentiation
programs and oncogenesis [8]. They regulate
various cellular processes of tumor, including
cell proliferation, differentiation, progression,
apoptosis and invasion [9, 10]. Alterations in
the miRNA expression have emerged as in im-
portant mechanism for the development and
progression of cancers [11, 127. Various num-
ber of miRNAs were studied in HSCs. The
role of miR-33 in regulating cell proliferation
and cell cycle progression is the subject of
many investigations. It has been shown that
miR-33 tamily members modulate the expres-
sion of genes involved in cell cycle regulation
and cell proliferation [187]. Various functions
have been defined for miR-33 such as reduc-
tion of cell proliferation and cell cycle progres-
sion and impairing the p53 tumor suppressor
gene function.

The function of miR-33 is associated with
genes such as p53 and c-myc. One of the cell
cycle inhibitor genes is tumor suppressor
gene ps3. Previously, it has been reported
that miR-33 targets p53 [137]; p53 activates
the transcription of genes that induce cell
cycle arrest, apoptosis and senescence in re-
sponse to several stress conditions including
DNA damage [137. In addition to p53 gene,
c-myc gene is involved in cell proliferation by
accelerating cells through G1 and S phases of
the cell cycle and abrogating cell cycle check-
points [1387]. Delgado and colleagues in 2010
reported that ¢-myc is important for correct
balance between self renewal and differentia-
tion of HSCs [147]. c-myc as an eftector mol-
ecule of Notch signaling pathway and HOXB4
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can increase the HSCs proliferation [157]. On
the other hand, it was reported that there is a
negative relationship between miR-33 and c-
myc so that over-expression of ¢-myc impaired
miR-33b-induced inhibition of proliferation
and invasion in osteosarcoma cells [16, 177. In
this study with regard to the roles for ps53, c-
myc and miR-33 in self-renewal of HSCs, the
eftects of ADSCs, as a feeder layer on HSCs
cultures, was investigated.

MATERIALS AND METHODS
Cell Culture

Human subcutaneous adipose tissue samples
were obtained from donors during abdomi-
noplasty. The tissue samples were processed
using a modified procedure by Zuk, et al [187,
with 0.075% collagenase II (Sigma-Aldrich,
St. Louis, MO, USA) for 30 min. The samples
were then centrifuged at 150xg for 5 min. The
pellet was washed three times in phosphate
buftered saline (PBS). The cells seeded in 10°
cells/dish and cultured in Dulbecco’s Modi-
tied Eagle’s medium (DMEM), 10% fetal bo-
vine serum (FBS), and 100 U/mL penicillin/
streptomycin. Human HSCs were taken from
Royan institute.

Proliferative and Phenotypic Analysis
Surface markers of ASCs were analyzed by
tlow cytometry, and monoclonal antibodies
were used against for CD73, CD90 and CD105
markers. To differentiate into adipocytes,
ASCs from passage four and a medium con-
taining 10 nM dexamethasone, 5 mM NaCl,
10 mM IBMX, and indomethacin was used.
To differentiate into osteoblast cells a medium
of DMEM, high glucose with 10% FBS and
10 nM dexamethasone, 35 mg/mL of ascorbic
acid, and 1 mM B-glycerophosphate was used.
Cells were incubated in 5% CO,, at 37 °C for
21 days. To demonstrate the differentiation
into adipocytes and osteoblasts, alizarin red
and oil red were used.

CD34+ cells Isolated from UCB

After obtaining written informed con-
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Figure 1: HSCs were cultured on ASCs feeder layer (A) after 2 days, (B) after 7 days

sent, mononuclear cells with Ficole (Sigma,
1.077£0.001 kg/L) were separated. These cells
were then incubated with anti-CD34 antibody
labeled with nanoparticles of Fe (America Mil-
ton Biotech); CD34+ cells were separated by
column MACs (America Milton Biotech). An-
ti-CD34 and anti-CD38 were used to confirm
the presence of CD34 marker for cells isolated
trom UCB.

Culture of CD34+ cells

After preparation of the feeder layer with mi-
tomycin ¢, CD34+ cells were cultured for 7
days with 100 ng/mL cytokines such as stem
cell factor( SCF), thrombopoietin (TPO), fetal
liver tyrosine kinase 3 ligand (Flt-38L), and
stem span medium as follows: (1) only in the
presence of the mentioned cytokines, (2) di-
rectly in contact with ASCs feeder layer, and
(3) indirectly cultured on ASCs feeder layer
(cultured on Thincert plate with 0.4-pum pore
size) (Fig 1).

In addition to this group, another group of
cells without culture were used as control and
were analyzed immediately after their extrac-
tion.

MIT Assay

The MTT (3-[4, 5-dimethylthiazol-2-yl7]-2,
5-diphenyltetrazolium bromide) assay was
used to assess cell viability of all studied
groups. This assay measures the amount or

ratio of cell proliferation. It is a colorimetric
method depending on the reduction of the tet-
razolium salt, MTT, to form blue formazan
crystals. After completion of the incubation,
the overlying culture medium was removed.
After the addition of MTT, cells were incu-
bated for four hours in an incubator contain-
ing CO, at 37 °C.

Isopropanol acid was added and the optical
density (OD) of the obtained solution was read
at 630 nm, as the reference wavelength, and at
570 nm, as the measurement wavelength, us-
ing an ELISA reader. One-way ANOVA was
used for data analysis.

Apoptosis Analysis by Annexin V and
Propidium lodide

Apoptosis kit (Bioscience, USA) was used for
apoptosis analysis. At 14™ day of culture, 10*
cells after being resuspended in 1x binding
buffer were treated with fluorochrome-conju-
gated Annexin V for 10 min and then washed
and resuspended in 1x binding buffer. Next,
propidium iodide solution was added and fluo-
rescence of the stained cells was analyzed by
tlow cytometry.

RT-PCR

After the RNA extracted from cells by Trizol,
for reverse transcription of mRNA, cDNA
was synthesized from 2 ug of total RNA. For
cDNA synthesized Random Hexamer and Oli-
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go dt primers were used. GAPDH and U438
were used as loading controls for quantitation
of mRNA and miRNAs.

The sequences of GAPDH, p53 and c-myc are
as follows:

P53

Forward:
5 TCCTCAGCATCTTATCCGAGTG g
Reverse:
5 AGGACAGGCACAAACACGCACC g

C-MYC

Forward:
5 CAAGAGGCGAACACACACAACGTCT &
Reverse:
5 AACTGTTCTCGTCGTTTCCGCAA &

GAPDH

Forward:

5 ATGGGGAAGGTGAAGGTCG g
Reverse:

5 GGGGTCATTGATGGCAACAATA &

MIR-33A

Forward:

5 GTGCATTGTAGTTGCATTGCA g
Reverse:

5 TGACCCCAGGTAACTCTGAGTG g

Real-time PCR
Real-time PCR was performed with an
Evagreen and data were analyzed using the
formula 2-AAct.

Statistical Analysis

Data are presented as meantSD. Two-way
ANOVA and Duncan tests were used. A p
value <0.05 was considered statistically sig-
nificant.

RESULTS

Surface antigen markers of ASCs were ana-
lyzed by flow cytometry. Our results showed
that ASCs were positive for mesenchymal
stem cells markers such as CD105, CD90, and

CD73
65.6%
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Figure 2: Analysis of ADSCs markers with flow
cytometry. 87.7% of ADSCs were positive for
CD90, 65.6% of the cells were positive for CD73,
and, 90.7% of ADSCs were positive for CD105.

CD73 and negative for HSC markers such as
CD34, and CD45 (Fig 2).

Ditterentiation potential of ASCs to adipo-
cytes and osteoblasts was analyzed by Oil Red
and Alizarin Red staining. Differentiated cells
were positive for these staining (Fig 3). Sepa-
rated CD34 + HSCs, analyzed by flow cytom-
etry, were 88.8%; 22.2% of them were positive
tor CD38. Ex vivo expansion of HCB enriched
CD34+ cells in serum-free medium supple-
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Figure 3: Osteogenic differentiation of adipose-derived mesenchymal stem cells (x200). (a) Positive reaction
in osteoblastic differentiated cells with alizarin red staining; (b) undifferentiated cells; (c) osteoblastic differenti-
ated cells with increased alkaline phosphatase activity; (d) undifferentiated cells.

mented with SCF, TPO and FLT3L, was eval-
uated either with or without feeder layer us-
ing flow cytometry (Fig 4). Annexin V and PI
staining was performed for apoptosis analysis
of expanded cells cultured. The percentages of
apoptotic cells for PI and Annexin in co-cul-
ture with and without feeder layer are shown
in Figure 4. The data of M'TT assay showed
that the proliferation rate of CD34+ cells di-
rectly cultured on a ADSCs feeder layer group
was higher than the other group (Fig 5).

Results of RT-PCR showed that the expres-
sion of miR-33a and c¢-myc in HSCs directly
cultured on ASCs feeder layer group was
higher than those of other groups. Also the
expression level of 53 in this group was lower
than those of other groups (Fig 5). Results
showed that miR-33a and p53 negatively reg-
ulated each other. RT-PCR analysis showed
expression of miR-33a in groups where HSCs
indirectly cultured on feeder layer and groups
where HSCs cultured in the presence of the
above-mentioned cytokines (Fig 6). Our re-
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Figure 4: Flow cytometric analysis of cord blood HSCs. (A) flow cytometric analysis of fresh CD34+ enriched
cells. Specific staining was performed with anti-CD34 FITC and anti-CD38 PE antibodies. Flow cytometric
analysis of apoptosis at day 14 in different culture condition of CD34+ with and without ADSCs feeder layer by
Pl and Annexin V staining. (B) cord blood CD34+ in co-culture with ADSCs, and (C) cord blood CD34+ without

ADSCs feeder layer.

sults showed that the expressions of miR-33a
and ps53 genes in ThinCert™ Plate with a pore
size of 0.4 um were lower than those of HSCs
cultured directly on ASCs feeder layer. The
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Figure 5: MTT analysis in different culture condi-
tions. (A) CD34+ cells that indirectly cultured on
feeder layer, (B) CD34+ cells directly cultured

on a ADSCs feeder layer, (C) CD34+ cells in the
presence of cytokines, and, (D) fresh CD34+ cells
before culture.

0

direct contact between HSCs and feeder layer
was prevented by a microporous membrane;
consequently, the expression of ps3 in this
group increased compared to that expressed
when there was a direct contact of the feeder
layer with hHSCs (Fig 7).

Results of RT-PCR analysis showed that ex-
pression of miR-33a in groups where HSCs
were directly cultured on the feeder layer was
significantly (p<0.05) higher than that in oth-
er groups (Fig 8).

In the control group, the expression of miR-
A B C D
o [ I

GAPDH===D
- [ - ]

Figure 6: Results of RT-PCR. (A) CD34+ cells
(the control group). In this group expression of
p53 was higher and miR-33a expression was
lower than those of other groups. (B) CD34+ cells
that only cultured with cytokines, (C) CD34+ cells
cultured indirectly on a feeder layer, (D) CD34+
cells directly cultured on an ADSCs feeder layer.
In this group, expression of miR-33a was higher
than that in other groups.
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Figure 7: (A) analysis of p53 and c-myc genes expression in fresh CD34+ cells by
RT-PCR. In this group, expression of p53 was higher and that of c-myc was lower than
those in other groups. (B) expression of p53 and c-myc in CD34+ cells in the presence
of cytokines. (C) expression of p53 and c-myc in CD34+ cells that indirectly cultured
on the feeder layer; expression of p53 in groups B and C was similar. (D) expres-

sion of p53 and c-myc in CD34+ cells that directly cultured on the feeder layer; in this
group, expression of p53 was lower than that in other groups (p<0.05).
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Figure 8: (A) Analysis of miR-33a expression in fresh CD34+ cells by RT-PCR. (B)
Expression of mirR-33a in CD34+ cells in the presence of cytokines. (C) Expression
of miR-33a in CD34+ cells that indirectly cultured on the feeder layer; expression of
miR-33a in groups B and C was similar. (D) expression of miR-33a in CD34+ cells that
directly cultured on the feeder layer; in this group expression of miR-33a was higher
than that in other groups (p<0.05).

192 Int] Org Transplant Med 2017; Vol. 8 (4) www.ijotm.com



33a was lower because HSCs in this group
was quiescent. The highest expression level
of p53 gene was observed in CD34+ hHSCs
(p<0.05). Expression of p53 in the presence of
the feeder layer was lower than that in other
experiments (p<0.05).

DISCUSSION

Our results showed that self-renewal of HSCs
was higher in the presence of ADSCs feeder
layer compared with other groups. Because of
insufficient number of HSCs, the expansion of
these cells is important for clinical application.
Recent studies reported that bone marrow
mesenchymal stem cells, as a feeder layer, and
cytokines such as SCF and TPO increase pro-
liferation of HSCs [2, 197. Glettig, et al, showed
that difterent feeder layers for HSCs limit the
differentiation of these cells [207]. Our data re-
vealed that expression of p53, as a self-renewal
inhibitor gene, in HSCs cultured on feeder
layer was lower than that in other groups.
Our results showed that expressions of miR-
33a and p53 genes in ThinCert™ Plate with
a pore size of 0.4 um were lower than those in
HSCs cultured directly on ASCs feeder layer.
[t has been reported that direct contact be-
tween HSCs and the feeder layer was critical
for expansion of cells. Silva, et al, reported that
direct contact of HSCs and feeder layer can in-
crease self-renewal of HSCs [217]. Alakel, et al,
showed that direct contact between HSCs and
bone marrow mesenchymal stem cells feeder
layer could improve the self-renewal of HSCs
and can affect the migratory behavior of HSCs
[227. Based on the results of the present study,
HSCs directly cultured on ADSCs presented
higher levels of ¢-myc and miR-33a expressions
than those in groups with indirect contact
(ThinCert™ Plate). These results showed that
high expression of miR-33a in the presence of
ASCs feeder layer could down-regulate the
53 and enhance the expansion of HSCs. We
also showed that the expression level of c-myc
was higher in HSCs cultured on the feeder lay-
er compared with those cultured without AD-
SCs feeder. In contrast, it was shown that ¢-
myc was negatively regulated by miR-33 at the
post-transcriptional level, via a specific target
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site within the 8'UTR and over-expression of
c-myc impaired miR-33b-induced inhibition
of proliferation and invasion in osteosarcoma
cells [167]. It seems that miR-33 mediated
down-regulation of p53. Xu, et al, found that
miR-33 Inhibits tumoral cell migration and in-
vasion by targeting the c-myc gene, suppreses
tumors. On the other hand, another research
showed that miR-33 reduces cell proliferation
and cell cycle progression and impairing the
p53 tumor suppressor gene function [287]. Per-
haps, it explains that the expression level of
miR-33 depends on the cell type. The tindings
of this study contributed to our understanding
of the function of miR-33a in HSCs cultured
on ADSCs, as a down-regulator of p53. Al-
though various reports indicated that miR-33
inhibits tumoral cell migration and invasion
by targeting the c-myc gene, acting as a tumor
suppressor. It seems that factors secreted by
adipose stem cells in the feeder layer targeted
mir-33-mediated down-regulation of p53 in
expansion of HSCs.

In conclusion, it seems that mzR-33 increases
proliferation of HSCs cultured on ADSCs by
impairing the p53 function. Defining the role
of ADSCs in controlling the HSCs self-renew-
al through increased mzR-33 and reduced p53
may lead to the treatment and prevention of
hematopoietic disorders. Improvement in self-
renewal of HSCs directly cultured on ADSCs
was assoclated with increased expression of
miR-33 and ¢-myc and decreased expression of
$53.
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