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Abstract

Bone marrow MSCs were obtained from New Zealand White rabbits (~3 kg, male) and also
from white rat (Ratusratus) by the Guideline for Animal Care and use Committee for
Teaching and Research using a modified procedure .2 Briefly, after the animals was
sacrified with carbon monoxide cabinet, tibias and femurs were excised and the bone marrow
was extracted under sterile conditions.The collected marrow was mixed and dispersed with
PBS. After that the (MSCs) were separated by density-gradient centrifugation over ficoll.
Viability of the separated MSCs was determined via trypan blue staining technique. Then,
cells were seeded into ten tissue culture flasks containing complete culture medium
suplimented with 10% fetal bovine serum (FBS) and antibiotics, incubated at 37°C in a
humidified atmosphere with 5% CO2. Once the colonies reached 80—-90% confluence, they
were ready to be detached with trypsin/EDTA and suspended in medium for continuous
culture.
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INTRODUCTION:

Literature data concerning the biology and differentiation potential of mesenchymal
stem cells (MSCs) have become huge in less than 10 years, although some of these data still
remain contradictory. MSCs seem to be a very promising tool for cell therapy because of their
peculiar characteristics, which mimic partially those of embryonic stem cells, but with some
advantages in terms of availability, expandability, transplantability, and ethical implications®

In bone marrow, MSCs make up approximately 0.001%-0.01% of all cells in each
aspirate, depending on the technique®.Specific differentiation media can easily reveal MSC's
nature of expanded, adherent stromal-like cells, which do not express specific markers, but a
complex pattern of molecules , including CD105 (SH2 ), CD73 (SH3 and SH4) , CD106
(VCA M-1), CD54 (ICA M-1), CD44, CD90, CD29, STRO -1 as well as immune
molecules such as HLA class | and Il (the latter only upon the effect of interferon-gamma,
IFN- v ) and CD119 (IFN - vy receptor)*Y. Hemopoietic markers, such as CD45 and CD34, are
normally not expressed® V.

Source of MSCs is not only bone marrow, but also other adult tissues such as fat*?

hair follicles and scalp subcutaneous tissue® | periodontal ligament %, thymus and spleen
(personal data) , as well as pre-natal tissues, such as placenta ™ |, umbilical cord blood ®©,
fetal bone marrow, blood, lung, liver and spleen®” . Circulating MSC s canbe detected in
peripheral blood®® | similarly to what happens for hemopoietic stem cells.
On the other hand, because the therapeutic application of MSCs often requires a large number
of cells, these require ex vivo expansion post-harvest. Thus, in order to obtain sufficient
quantities for therapeutic uses of isolated MSCs, it is important to expand these cells ex vivo.
However, MSCs show limited proliferation and differentiation capacity in an ex-vivo setting
despite their capability of continuous regeneration and expansion throughout an individual’s
life. It was shown that their ability to expand is highly variable, even amongst two samples
from the same patient"®.Herein, we try to isolate bone marrow MSCs from rat and rabbit via
a modified technique, to test their viability by tripan blue .

Study design and objectives: This in vitro experiment was done in college of medicine
in Malaya University (Malaysia) during March through May, 2011. It aims to isolate bone
marrow Mesenchymal stem cells (MSCs) from rat and rabbit by a modified technique. It aims
also to expand these cells in vitro making them ready for subsequent differentiation and
further experimental use.

MATERIAL AND METHOD:

Lab animals:
Bone marrow MSCs were obtained from White rabbit (2-3 kg, male) and also from

white rat (Ratusratus) by the Guideline for Animal Care and Use Committee for Teaching and
Research using a modified procedure (L.2),
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Culture medium:

Complete Dulbecco’s modified Eagle medium (DMEM), high-glucose formulation,
containing: 10% fetal bovine serum (FBS), heat-inactivated 1 hr at 56°C; 1% nonessential
amino acids, 2 mM L-glutamine, 50 uM 2-ME 100 U/ml penicillin 100 pg/ml streptomycin
sulfate®@.

Isolation of bone marrow MSCs:

This was perfomed by a modified procedure 2 First of all, the samples ( bones ) were
extracted from the experimental animal in special operation theater ( experimental animal
operation theater) as follows:The animal was sacrificed by carbon monoxide inhalation
inside a CO-cabinet for 2 min. Then, the animal was dissected to obtain the long bones;
femurs and tibiae.The bones werewashed by saline and directly put in the falcon tube with
PBS 10 % and kept in the ice box.

Secondly bones were processed in the tissue engineering lab to extract their marrow
content as follows: Bones' ends were cut by bone cutter and diaphysis were put it in petri dish
and then by 1-ml syringe pushing and sucking the PBS in and out of the bone cavity to obtain
from each bone 1 ml bone marrow that wasdispensed in a centrifuge tube . Finally, 4 ml of
bone marrow suspended with PBS was obtained. The collected bone marrow was then
carefully layered over ficoll-paque solution (3 ml) in new tube. Then, the sample (7ml) was
centrifuged with 2200 rpm for 25 min. at 25°C.After that, cloudy layer in the middle between
the ficolllayer and the bone marrow, represented the stem cell layer, was drawn carefully by a
500-micro liter pipette by circular movement and put it in a new tube. The aspirate was
centrifuged with 1600 rpm for 10 min. at 25°C. The supernatant wasdiscarded and 10
mIDMEM media without supplement was added and mixed with the cells' pellet. Then, the
mixture was transferred to tenflasks with 10 mlcompleteDMEM(supplemented with FBS,
glutamate and antibiotics) and was incubated in 5%CO,, at 37 °C. Non-adherent cells were
removed after 24 h, and MSCs adhered to the flask bottom were tested for viability indicated
by negative trypan blue staining and were gradually proliferated to form fully confluent
colonies in eight of the ten flaskswithin 4or 5 dayswhen examinedby inverted microscope.

RESULTS:

Of the ten culture flasks, eight (80%) showed full-confluence MSCs layer by the 4™-5™
day of incubation, while the remaining two flasks (20%) failed to expand full-confluence cell
layer at that time (Table:1).
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Table 1: Rates of confluence of Mesenchymal stem cells' layers in 10 culture flasks
containing DMEM:

Incubation days/confluence rates(~%bo)
Culture Day 1° Day 2 Day 3 Day 4 Day 5
Flasks
1 - 20 50 75 90
2 - 30 55 80 95
3 - 25 70 80 90
4 - 35 60 85 90
5 - 45 65 70 95
6 - 40 55 75 90
7 - 30 70 75 90
8 - 30 60 80 85
9 - 40 65 85 95
10 - 35 55 80 95

*Growth on day 1 was mixed with other cell types (before washing) and thus
confluence is immeasurable.

DISCUSSION:

Researches dealing with MSCswererevolutionalized at the last decade, initially MSCs
were isolated from humans, thereafter, they had been successfully harvested from many other
species including: mouse, rat, dog and horse®%. They have also been isolated from almost
every type of tissue, including: periosteum, brain, liver, bone marrow, adipose, skeletal
muscle, amniotic fluid and hair follicle®. Expansion of the isolated MSCs is mandatory to
make them ready for subsequent therapeutic application. Many different protocols have been
applied in order to isolate and further expand MSCs including variation in materials and
techniques used®™?4%. Many of such works have estimated a low ex vivo expansion potential
of the separated MSCs®?.

Some studies have also suggested that MSCs have the capacity to undergo malignant
transformation in vitro, but this is still a controversial phenomenon “V. This highly variable
expansion ability made it difficult to compare data from different researchers. Many factors
may be implicated in affecting MSCs' in vitro expansion potential; including culture
conditions such as nutritional level, cell confluence, oxygen level, number of passages and
plastic surface quality®?.

The effect of passage number on MSCs' characteristics was studied by comparing early
(< 5 passages) to late MSCs (> 15 passages), and results demonstrated that late MSCs had
characteristics associated with cell aging as depicted by actin accumulation and reduced
substrate adherence and that early MSCs remain pluripotent, while late MSCs had limited
differentiation capacity®.

In accordance with these data, investigators have attempted to study the stem cell niche
in hopes of mimicking this environment in an ex-vivo setting to allow for more predictable
cellular behavior.
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The amount of oxygen to which the stem cells are exposed is a key difference between in vivo
and the in vitro settings. IT is well known that tissue oxygen concentration is always
significantly less than atmospheric oxygen levels?. Bone marrow has a characteristically
hypoxic environment with oxygen concentrations very similar to ischemic tissue, but still
higher than culture environment. It was shown that MSCs that are cultured in hypoxic
environments demonstrate greater expansion and differentiation potential. Some studies have
suggested that these characteristics may in part relate to the up-regulation of telomerase
activity in cells cultured in hypoxic conditions“®. Accordingly, it was suggested that MSCs
proliferate and renew in vivo under low oxygen conditions, while differentiate only when they
approach higher oxygen tension represented by the blood vessels' environment.

In addition, with minor differences in expression patterns from one tissue source to
another, all MSCs express embryonic cell markers such as Oct4, Nanog, and stage-specific
embryonic antigen-4 (SSEA-4) “7. Further variation in MSC characteristics has been
associated with the age of the donor, with a direct correlation exiting between advanced age
and decreased osteogenic potential.

This fact may in part contribute to disorders, such as osteoporosis, seen primarily in the
aging population®®. A similar decrease in cell number as a function of age has also been
documented in satellite cells®. In addition, MSCs isolated from older donors demonstrate
lower proliferation potential which may provide an explanation for the reduced healing
capacity observed in older patients®?.

Conclusion and Recommendation:

Our modified method of isolation of bone marrow MSCs yielded very good separation
rate with considerable in vitro expansion capability of the isolated MSCs in relatively short
incubation time. It is recommended to perform more advanced experiments involving in vivo
expansion and differentiation of the separated MSCs inoculated into lab animal models with
varying diseases applicable for MSCs'cytotherapy.
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