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Abstract

Background: Bone marrow-derived mesenchymal cells (BM-MSCs) isolation and culturing have a
great interest in many diseases as cell therapy. The clinical use of cultured stem cells is facing
debates and criticism due to the increasing number of unproven cell-based therapies and the ap-
pearance of many limitations, including the age of the donor and the number of passages. Aim:
Due to the discrepancy in the published data, we investigated changes associated with the first
four passages of cultured BM-MSCs from old and young rats, regarding morphological and ultra-
structure changes, growth kinetics, and surface cell markers. Methods: Cells were isolated and
cultured from young and old Wistar rats’ long bones. The morphological and ultrastructural char-
acters, cell surface markers, and growth kinetics of the stem cells were analyzed. Results: BM-
MSCs in P1 and 2 showed non-significant differences between young and old cells. Morphologi-
cally, cells from P3 and P4 became larger and filled with filaments in both groups. The capacity
of the cells to proliferate decreased compared to the prior passages, though, it is still better in
the young population. Imnmunophenotypically, young source of cells showed a significant expres-
sion of MSCs surface markers across different passages reaching at least 50% of the cells by P4.
While steady expression was experienced in old cells in different passages. Conclusion: the donor
age directly influences BM-MSCs morphology, ultrastructure, and proliferation. We assert that
cells obtained from P2 and P3 of young rats have the best proliferative index which can be used
for future studies.
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acquired worldwide attention over the
Introduction past ~30 years. Because they are a fabulous
and novel pattern for studying the biologi-
cal mechanisms behind cellular prolifera-
tion and generation of various cell kinds.

The multiple aspects of the performance
of mesenchymal stem cells (MSCs) have
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They have many therapeutic roles based
on the products derived from their exo-
somes. Also, the cells have a role in the
area of tissue engineering and gene ther-
apy(. Mesenchymal stem cells are a di-
verse population of multipotent cells
which was first described in 1966 as a pop-
ulation of adherent fibroblast-like colony-
forming stromal cells that did not belong
to the hematopoietic cells®. In 1991, the
multilineage potential of MSCs has been
approved®). Mesenchymal stem cells could
be obtained from many sources like bone
marrow, fatty tissue, peripheral blood,
dental pulp, periodontal ligaments, and ne-
onatal tissues (umbilical cord, placenta,
and amniotic fluid). These sources greatly
affect the phenotype, growth kinetics, po-
tency, differentiation, surface markers ex-
pression, and cytokines profile of the cells.
Though, there are no fixed markers for
mesenchymal stem cells. International So-
ciety for Cellular Therapy in 2006 has cre-
ated standards, that these in vitro cells
must attain specific properties to be recog-
nized as mesenchymal stem cells® ©), The
cells must express the basic identification
markers CD73, CD9o, and CD105. They
should not express CD34, CD14, CD45,
CD11b, CD19, CD79a, CD31, lack human leu-
kocyte antigen complex-2 and co-stimula-
tory molecules, like CD86, CD40, or CD8o.
In addition, mesenchymal stem cells must
have transcription factors octamer binding
transcription factor-4 (OCT-4) and homeo-
box protein NANOG(). Bone marrow is a
very vigorous and diversified microenvi-
ronment, settled with different types of
cells. Marrow cavities, from the early post-
natal period onwards, contain heamato-
poietic tissue and stromal microenviron-
ment, known as active red bone marrow.
Active red bone marrow formed of cords
of hemopoietic stem cells with developing
blood cells and megakaryocytes, mesen-
chymal stem cells, osteoblasts,

osteoclasts, macrophages, mast cells and
few adipocytes. Despite the great number-
ing of hematopoietic stem cells, bone mar-
row includes a relatively low numbering of
bone marrow mesenchymal stem cells
(0.001-0.01%). Moreover, the inactive yel-
low bone marrow is the chief form in the
medullary cavity of bones in the adults, in
these bones, the red bone marrow has
been replaced consistently by adipocytes
(7.8), Bone marrow mesenchymal stem cells
appear to carry an embryological imprint
due to their mesodermal origin. Primary
isolated BM-MSCs have spherical appear-
ance and with subsequent passages they
take fibroblast-like shape. Ultrastructural
analysis of BM-MSCs revealed that the cells
have polymorphic nuclei, euchromatin and
conspicuous nucleoli. Their cytoplasm con-
tained well-developed dilated cisternae of
rough endoplasmic reticulum near to the
nucleus, well developed Golgi apparatus,
mitochondria, and aggregation of glyco-
gen granules. BM-MSCs possess numerous
branched projections of their cytoplasm
and cell membrane that contains cell sur-
face receptor mediating cell-matrix adhe-
sion proteins and integrins (> ©). The cell
morphology and proliferation are regu-
lated by integrin activation which are stim-
ulated by signaling cascades that activate
the genes responsible for cell growth. The
spread of cells occurs following the activa-
tion of protein kinase C (PKC), they accu-
mulated focal adhesion kinase (FAK) and
actin filaments at the edges of the cells
which forms a stable cytoskeleton, main-
tains the cells adherence and growth (),
The growth ability of BM-mesenchymal
stem cells was still having obstacles even
with standardized protocols and the use of
specified proliferation materials. Many re-
searchers have used differentiation media
to help cultured cells grow into fat cells,
bone cells, and cartilage cellst™. Following
a limited number of passages,
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mesenchymal stem cells enter a state of
cellular senescence, recognized by noncur-
able growth arrest with diverse pathologi-
cal and physiological consequences. Long-
term culture can also cause potency and
stability impairment of MSCs, chromoso-
mal changes, and arise in the frequency of
cells vulnerable to cancer cells. In the cell
cycle, MSCs senescence led to anincreased
frequency of cells that stay in the Go/G1
phase of the cell cycle and a concurrent,
considerable decrease in S and G2/M cells
over passaging (2™3), Considering the heter-
ogeneity of BM-MSCs and the association
between the animals’ age with the cellular
senescence-associated morpho-functional
changes, we have designed our study to
evaluate the isolated and long-term ex-
panded heterogenous BM-MSCs that were
obtained from young and old Wister albino
male rats in the terms of growth kinetics,
ultrastructural morphology, and cell sur-
face markers profile. This study suggested
that the age of the donor cells can be a fac-
tor that affects the growth of cultured
cells.

Materials And Methods

Animals

Twelve healthy male Wistar albino rats
were used in this study. Animals were
maintained under standardized conditions
in line with the ethics of the Research Com-
mittee in the Faculty of Medicine, Suez Ca-
nal University, Egypt. Animals were ran-
domly divided into two groups (six animals
each). Group I: old group: rats aged 15
months old and weighing between 300 -
350 g and Group Il: young group: rats aged
4 months old, weighing between 100-150 g.

Isolation and seeding of BM-MSCs(145)

Rats were sacrificed with cervical disloca-
tion and immersed for 2 minutes in 70% eth-
anol and then were brought to a sterile
dish. Under sterile conditions, in the

Molecular and Cellular Medicine Center of
Excellence, the whole skin was removed
from the limbs. By using sterile micro-dis-
secting scissors and surgical scalpels, the
soft tissues were carefully removed from
tibias and femurs. Femurs were separated
from the tibias and iliac crests from each
leg and the feet were removed. Bones
were transferred to the Tissue Culture Unit
in @ 100-mm sterile culture dish and im-
mersed with 10- 15 mL of complete Dul-
becco’s Modified Eagle Medium and low
glucose. The two ends of the bones were
excised using micro-dissecting scissors.
Through pushing complete DMEM by a 5
mL syringe, the bone marrow was washed
out from the femurs and tibias at one end
and received from the other end in a falcon
tube. The complete culture media was low
glucose DMEM (Biowest, France) supple-
mented with Fetal Calf Serum 10% (FCS)
(LSP, UK) and 1% Penicillin/ Streptomycin
(Biowest, France). The process was re-
peated until the bone cavity becomes pale.
The isolated cells were centrifuged at 2000
rpm for 5 minutes, then the supernatant
was removed. The pellet washed twice
with phosphate buffer saline (PBS) and
centrifuged at 2000 rpm for 5 minutes. Fi-
nally, the cells were seeded in 25 cm? flask
and nourished with complete culture me-
dium. Flasks were maintained under 5% CO,
infusion, at 37° C inside a humidified incu-
bator. The cells were kept for 3 to 4 days
before the first media change. When ad-
herent cells grown to ~80% confluence,
they were defined as passage zero (Po)
cells and the splitting of cells began. At
~807% confluent flasks, trypsin 0.25% includ-
ing 0.02% ethylene diamine tetra acetate
(EDTA) 10x (Biowest, France) was incu-
bated with the cells 1-2 minutes. The action
of the trypsin/ EDTA was then blocked by
adding 10 ml of complete culture medium.
The cells were centrifuged two times with
PBS and the pellet was serially passaged
using a 1:2 splitting ratio. Three samples
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were taken from each passage, before the
secondary cultivation, to do testing for cell
viability and counting, immunophenotypic
changes, and ultrastructural changes. The
cells were maintained in culture and ex-
panded across four passages (from Po to

P4).

Morphological characterization of old and
young BM-MSCs

e Phase contrast inverted microscopy
The changes in morphology and conflu-
ency of the seeded cells were evaluated us-
ing inverted phase contrast microscopy
Olympus CKX31 (magnification power x10
& 40) and photographed with Leica DM IL
LED camera, from passage zero (Po) to

passage 4 (P4).

e Transmission electron microscopy (TEM)
Ultrastructural morphology was assessed
by transmission electron microscopy dur-
ing primary culture and in the second,
third, and fourth passages at Al Azhar Uni-
versity Mycology and Biotechnology Cen-
ter, Egypt. The media was removed and re-
placed with buffered 2.5% glutaraldehyde
in 0.1 M cacodylate buffer with a pH of 7.2-
4 and at room temperature. This fixation
was stand for 2 h at 4°C. Post fixation and
at room temperature, the buffer of 1% os-
mium tetroxide was added for 30 min.
Then in an ascending hexylene glycol series
(70%, 90%, 100%) the dehydration of the
samples was done, and then the samples
were covered with 100% epoxy resin. Leica
ultra-cut (UCT) (100 nm) was obtained af-
ter breaking down the dishes with a ham-
mer. Sections were taken on nickel grids
and finally, were stained with alcoholicura-
nyl acetate and Reynold’s lead citrate. Ul-
trastructural examination and photog-
raphy were taken out by transmission elec-
tron microscope (JEOL JEM 1010, JEOL Ltd,
Tokyo, Japan) at an acceleration voltage of
70 kv(2),

Flow Cytometry: cell surface markers(®

The immunophenotypic evaluation of stem
cell surface markers was carried out at the
Oncology Diagnostic Unit, Faculty of Medi-
cine, Suez Canal University. At each split-
ting of seeded cells, a trypan blue exclu-
sion test was done to count the viable and
dead cells, 50,000 only of BM- MSCs were
labeled with fluorochrome conjugated
mouse anti-rat antibodies. These antibod-
ies were specific for CD73 APC (BD Biosci-
ences), CD34 PE (phycoerythrin), CD9o
FITC (Fluorescein isothiocyanate) and
CD45 PerCP. The cells were incubated in
the dark with the labeled antibodies for 20
minutes and at 4°C. Unstained BM-MSCs
were used as a control. Then, at room tem-
perature, the tubes were centrifuged at
150x g for 5 minutes. PBS was used to wash
the cell pellets at 2-8°C in a dark room and
then centrifuged. Resuspension of pellets
was done using 2 ml of PBS and then the
cells were passed through a 70 mm filter
and analyzed for cell surface marker profile
using Partec-CyFlow® ML instrument. Data
collection, analysis as well as presentation
were carried out using FloMax®software.

Growth Kinetic

Harvested cells in each passaging were
counted using a Hemocytometer slide af-
ter staining with trypan blue. The growth
kinetic curves of cultured cells from each
passage were plotted, using those counts.
a- Doubling Time

The initial seeding number of cells and the
harvested cells were recorded and com-
puted into a doubling time (hrs.). It was cal-
culated using Patterson Formula:

T log2

Ta = log(V: / Ng) °

T ¢is the doubling time (h), Tis the time
cells need to proliferate from N, to Nt (h).
N is the cell count(7),
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b- Cell Density

When the seeded MSCs reached conflu-
ency, the cell density was recorded with
each passage to evaluate the expansion of
cells. The density was measured as mean
confluent cell count for each passage per
cm? growth area (®),

c- Population proliferation rate

The daily increase of cell counts of cultured
BM-MSCs in each passage was calculated
using the following formula: Daily prolifer-
ation rate (cell count before splitting- cell
count at start of seeding)/number of days
in each passage "9

Statistical Analysis

All quantitative data were recorded and
analyzed using SPSS version 25 (IBM Inc.).
Values for all measurements were shown
in mean + standard deviation, for each BM-
MSCs passage and for average passages.
Data analysis was performed by sample t-
test (independent), One-way ANOVA, and
post-hoc Bonferroni test. Significant val-
ues were at value p < 0.05.

Results

Morphological characters of BM-MSCs in
young and old rats

e Inverted microscopy:

Morphological assessment of the cultured
BM-MSCs revealed variable results from Po
to P4. After three to four days of primary
cultures, one layer of fibroblast-like cells
was seen adherent to the plastic floor of
the flasks. Po showed nearly similar out-
comes between the young and the old BM-
MSCs, however, cells from the young rats
reached better confluence within 3-4 days
of post-primary media isolation and the old
cells became confluent after 8-12 days (Fig.
1). After 7-12 days of passaging, young cells
in P1 revealed increased confluency reach-
ing about 100% of fibroblast-like cells and
were split into P2, however, 40-50 %

confluency in old cells were present in the
same period (Fig. 2A, B). Old cells reached
confluency after about 14 days and were
split into P2. Dishes from P2 showed nearly
70-80% confluency after 14 days of passag-
ing, in both groups, of fibroblast-like cells
with rounded open face nuclei that contain
multiple nucleoli (Fig. 2C, D). The old and
young cells were split and started a new
culture as P3. Both groups in P3 showed
different cell morphology and lesser cellu-
lar confluency. Cells appeared more
rounded and contained a larger amount of
filamentous cytoplasm. Nuclei were
rounded vesicular and contained one or
two nucleoli. Old and young cells reached
70-90% confluency after 8-10 days of pas-
saging and were split into P4 (Fig. 3A, B).
Cells of P4 also showed lesser confluency
of multipolar granular and vacuolated cells
with large vesicular nuclei with multiple nu-
cleoli, after 7 days of passaging (Fig.3C, D).

e Transmission electron microscopy

The ultrastructural changes at different
Passages of 0, 1, 2, 3, and 4 were assessed
in young and old rat stem cells by electron
microscopy. The ultrastructure of the stem
cells in all passages showed mainly
rounded to oval euchromatin nuclei with
narrow-margined heterochromatin (Fig. 4
and 5). The cells appeared heterogeneous
with centrally located nuclei during Po in
both age groups (Fig. 4A, B). Many eccen-
tric irregular nucleiin all the passages were
evident in both age groups. Many cells
with double nuclei were noticed in the
young age group during P1(Fig. 4C, D). The
cytoplasm in both age groups from pas-
sages Po to P2 exhibited all the subcellular
organelles; plenty of mitochondria, well-
formed rough endoplasmic reticulum
(RER), and numerous secretory vesicles
(Fig 4). Passage 3, in old animals’ cells, indi-
cated that part of the peripheral cellular
zone of some cells lacked subcellular orga-
nelles and exhibited disorganization of the
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remaining organelles along with the heter-
ochromatic appearance of many nuclei. On
the other hand, the cells of the young age
group during P3 had normal and well-ar-
ranged cytoplasmic organelles (Fig. 5A, B).
During P4, BM-MSCs of young animals
showed intact well-arranged cytoplasmic
organelles apart from dilated RER (Fig. 5C).
However, many cells of old animals during
the same passage had massively vacuo-
lated cytoplasm with lost or masked cyto-
plasmic organelles (Fig. 5D). Cytoplasmic
processes were noticed in almost all the
cells from Po to P3. They were more nu-
merous and finer in the young age group
(Fig. 4, 5) and became rudimentary during
P4 (Fig. 5C), on the other hand, the cyto-
plasmic processes were hardly seen in the
cells of old animals during P3 and P4 (Fig.
5B, D). Regarding the mitochondria, they
were abundant, dark colored, rounded to
oval, and spread on one side of the nucleus
from Passages o to 2 in both age groups
(Fig. 4, 5) however they became smaller
and scarce in P4 in young animals and in P3-
4 in old animals (Fig. 5). In P4, in both age
groups, vacuoles were scanty, small, and
located at the periphery in the young age
group but were abundant in the whole cy-
toplasm at the old age group (Fig. 5).

Cell surface markers profile expression in
the adherent MSCs from young and old rats:
The expression of cell surface markers
among different passages of BM-MSCs,
from the two groups, was evaluated by the
flow cytometry (Fig. 6 B and C). Two MSCs-
specific markers (CD73 and CD90), and two
HSCs markers (CD45 and CD34) were eval-
uated. We found that CD9o and CD73 were
highly and significantly expressed across
passages in young MSCs reaching at least
50% of the cells by the fourth passage with
progressive decreased expression of CD45

and CD34. While the old MSCs showed a
steady increase in the expression of CD9o,
and CD73 in different passages (Fig. 6A).

Doubling time, Cell density, and population
proliferation rate

The growth curve of young BM-MSCs sam-
ples showed significantly higher cell counts
compared to old BM-MSCs samples across
different passages, as shown in (Fig. 7). As
shown in (Fig. 7E), Young BM-MSCs
showed a highly significant increase in the
daily proliferation rate compared to old
BM-MSCs in different passages (P<0.001).
On calculating the cumulative cell count,
young BM-MSCs showed a highly signifi-
cant increase in the daily proliferation rate
compared to that of old BM-MSCs in all
study passages, except for P1, (P<0.001) as
shown in tables (1). Except for Po, the
young BM-MSCs showed anincrease in the
mean cell density/ cm?. This result was sig-
nificant (p < 0.05) in comparison with that
of old BM-MSCs across passages (P1-P4),
based on cell seeding and cell splitting
counts. Mean cell density/cm2 of old, and
young BM-MSCs were shown in (Fig. 7D).
On counting the doubling time in hours
(Td), young BM-MSCs showed significantly
prolonged doubling time, compared to old
BM-MSCs in P2DT, and P3DT. However, in
P1DT, and P4DT, young BM-MSCs showed
significantly shorter doubling time com-
pared to old BM-MSCs (Fig. 7C). The pro-
longed P3DT of young BM-MSCs was
mostly attributed to the higher significant
output of cell count of young BM-MSCs
compared with old BM-MSCs as shown in
growth curves of the BM-MSCs samples
(Fig. 7). Duplication of a larger population
of cells, consumes more time, with a result
of longer DT for young MSCs than old
MSCs.
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Figure 1: Phase contrast photomicrographs from passage zero (Po) cultured rats BM-
MSCs with 50 -80 % confluency. A and C represent cultures from young rats' cells that were
variable in size and exhibited the characteristic heterogeneous population with predomi-
nant fibroblast-like morphology (arrowheads) and dividing cells (D). Other patches
showed rounded cells and colonies (*). B and D represent cultures from old rats, they
showed rounded cells (arrows), colonies (*), fibroblast-like cells (arrowheads), and divid-

ing cells (D). (Inverted microscope, X 100, C: X 400)

Figure 2: Phase contrast photomicrographs from passage one (P1, A & B) and passage two (P2, C & D) cultured
rats BM-MSCs. (A) shows 90-100% confluency of fibroblast-like and spindle-shaped cells from young rats after 7
days of passaging. (B) shows 40-50% confluency of fibroblast-like cells from old rats after 10 days of passaging.
P2 after 14 days of passaging, (C) from young rats, and (D) from old rats. Both showed 70-80% confluency of
fibroblast-like cells with rounded open-face nuclei which contained multiple nucleoli and perinuclear granules
(arrows). (Inverted microscope, X 100)
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Figure. (3): Phase contrast photomicrographs from passage three (P3) and four (P4) cultured rat BM-MSCs,
young and old, after four and seven days of passaging, respectively. They showed 30-50% confluency of cells.
P3 (A, B) cells became more rounded and contained a larger amount of cytoplasm that was crowded with fila-
ments (arrows). Nuclei were rounded, vesicular, with one or two nucleoli and surrounded with granules. P4 (C,
D) cultured rat BM-MSCs were more multipolar. (C) showed culture from young rats with most of the cells con-
taining cytoplasmic vacuolations that mask their nuclei (arrowheads). Few cells had granular cytoplasm with
large vesicular nuclei that possessed multiple nucleoli (arrows). (D) showed cells from old rats, some had long
granular cytoplasmic processes and rounded vesicular nuclei; others had cytoplasmic vacuolations (arrow-

heads). (Inverted microscope, X 400)

Discussion

The potential use of BM-mesenchymal
stem cells in disease applications has been
investigated in a variety of research using
animal models. Preclinical research is es-
sential for clinical trials, so it is necessary to
build up a culture system of animal MSCs
through easy isolation and expansion in
the tissue culture unit. Our study tried to
reach some parameters that may affect
culture outcomes. We applied a direct
seeding method of bone marrow culturing,
from the tibia and femur of Wister albino
rats from two age groups. Our results re-
vealed donor age-dependent morphologi-
cal and ultrastructural changes, and prolif-
eration profile differences of BM-MSCs af-
ter long-term ex-vivo cultivation, starting
from Po up to P4. These outcomes might
become applicable to be used for improv-
ing the growth and differentiation abilities
of cultured BM-MSCs in future studies. In
Po, 1, and 2 there were no differences in
the morphological and ultrastructural

results between the two different age
groups of BM-mesenchymal stem cells, yet
the growth and proliferation of the young
cells were faster than that in the old cells.
Primary cultures from young cells reached
80% confluency after 3-4 days and 8-12 days
in old cells. In later passages, P3 and P4,
cells from both age groups became larger,
rounded, and filled with cytoplasmic fila-
ments. Young cells had normal and well-ar-
ranged cytoplasmic organelles and few
vacuolations; however, the old cells had a
massively vacuolated cytoplasm that
masked the organelles. The capacity of the
cells to grow and proliferate decreased
compared to the prior passages, neverthe-
less, it’s still better in the young population
than in the old ones. The previous findings
were further supported by many studies,
for instance, Patil GA & Moghe SA, 2021
who documented that age has a significant
direct effect on MSCs cell growth, differen-
tiation, and senescence parameters in rats
from two age groups (young at about 6
weeks and old at about 56 weeks) °)
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Figure. (4): Transmission electron microscopy of young and old rat BM-MSCs during passage zero (Po), pas-
sage one (P1) and passage two (P2). Po (A: young, B:old) cells appeared heterogeneous in both age group. Most
of the cells had euchromatic nuclei (N) with a thin rim of heterochromatin at their periphery and small nucleoli
(ni). Many scattered rounded to oval mitochondria (M), many course cytoplasmic processes (arrow), secretory
vesicles (arrowhead), well-formed cell junction (double arrow) and rough endoplasmic reticulum (dashed ar-
row) were evident. Some rounded (R) cells without any cytoplasmicprocesseswere noticedin the old age group.
P1 (C: young, D:old) cells exhibited many cytoplasmic processes (arrow) in both age group which were more
numerous and finer in young age group. Most of the cells had euchromatic nuclei (N) and small nucleoli (ni) with
marginization of heterochromatin. Indentation of some nuclei were noticed in both groups. In addition, some
cells in the young age group processed two nuclei. Many scattered rounded to oval mitochondria (M), and se-
cretory vesicles (double arrow) were evident. P2 (E: young, F:old) cells had abundant cytoplasmicprocesses (ar-
row) in both age groups. Most of the cells had euchromatic nuclei (N) and small nucleoli (ni) with marginization
of heterochromatin. some cells exhibited irregular nuclei. Many scattered rounded to oval mitochondria (M),
rough endoplasmic reticulum (dashed arrow) and secretory vesicles (double arrow) were noticed. (all images
maghnification X 6000, D X 8000 ).

that BM-MSCs contained two diverse types
of cell shapes; the first is small spindle-

Old cells’ frequency in primary culture,
doubling time of cells, and the cells' out-

come were significantly decreased com-
pared to young rats. Also, Yang YH et al.,
2018 results approved that the aged hu-
man mesenchymal stem cells gradually the
characteristic spindle and fibroblast-like
shape, causing eminent abnormal mor-
phology as well as the doubling rate of cells
decreased with subsequent passaging V-
In addition, Ridzuan et al., 2016 reported

shaped and fibroblast-like cells, which is
characterized by rapid proliferation. And
second is a large, flattened cell that has a
slower proliferation rate with when in-
creased number of passages, the large-flat-
tened cells gradually became dominated, a
characteristic of cellular senescence(®,
These results were further confirmed with
the doubling time values. Cells from P1-P3
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had preserved a steady doubling time;
however, the doubling time began to rise

at P4 and reached the maximum at P5, and
then the cells were unable to be further ex
panded beyond Ps.

Figure 5. Transmission electron microscopy of passage three (P3) and passage four (P4). P3 (A): Young cells had abun-
dant fine course cytoplasmic processes (arrow), eccentric irregular nucleus (N), and intact cytoplasmic organelles. P3
(B): old cells had few rudimentary cytoplasmic processes (arrow), small heterochromatin eccentric nucleus (N), and
more or less disorganized cytoplasmic organelles. P4 (C): Young cell appeared rounded with heterochromatic nucleus
(N), wide rough endoplasmic reticulum (arrow), rudimentary cytoplasmic processes (double arrow), and some vacuo-
lations (*). P4 (D): old irregular cells had vacuolations with masked and disorganized cytoplasmic organelles. (A&B X
8000, C&D X 12000)

On the other hand, a more expanded time
was stated by Yusop et al., 2018 who found
that rat BM-MSCs showed a significant in-
crease in the doubling time of cells only
when they had completed nearly P10, they
could proliferate up to P50-100(?). Moreo-
ver, inconsistent with our results, Asumda
& Chase, 2011 and Babenko et al., 2021
stated that the increase in the donor age di-
rectly affects the proliferative capacity of
BM-MSCs (2310 They attributed this result
to the diminished telomerase activity and
increase in the activity of -galactosidase
associated with cell aging. Also, Hall et al.,
2010 confirmed that the old age cell

environment has been identified to inhibit
the regeneration of adult stem cell®4 Alter-
natively, Siennicka et al., 2021 stated that
the in vitro aging process has resulted from
the multiple cell divisions and telomeres
shortening, however, the age of trans-
planted cells had no effect on the pheno-
type or function of MSCs with long-term
cultivation of adipose tissue-derived stem
cells®®). On ultrastructural examination,
Babenko et al., 2021 detected a hetero-
genous group of cells. Cells obtained from
young rats clearly expressed multiple ex-
tended mitochondria, endoplasmic reticu-
lum, abundant polysomes, several
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multilamellar structures (autophagoso-
mal/lipofuscinic formations), and exo-
somes. However, cellular organelles in cells
obtained from old rats were not expressed
clearly like in young cells('®. Several re-
searchers tried to understand why the pro-
longed culturing of stem cells leads to their
senescence. These results can be explained
by the alteration in the cells’ mitochondrial

morphology, decreased antioxidant capac-
ities of the cells, raised reactive oxygen
species, and the most important obstacle
was genomic instability (chromosomal ab-
normalities, variation of telomere length,
and epigenetic instability) are a probable
cause of decreased proliferation, morpho-
logical and ultrastructural changes of stem
ce"S(26—28).
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Figure 6. A: difference in the expression level of CD90, CD37, CD45 and CD34 in young and old MSCs cells in
different passages. * p-value<o0.05 young compared to old BM-MSCs. B: CD90, CD73, CD34 and CD45 expressions
in old mesenchymal adherent stem cells across different passages. C: CD90, CD73, CD34 and CD45 expressions in
young mesenchymal adherent stem cells across different passages.

In the present work, we moreover verified
the age effect of the transplanted cells on
the expression of surface antigen markers
of BM-MSCs. We demonstrated that the
young source of cells showed significant
expression of MSCs surface markers (CD9o
and CD73) across passages reaching at
least 50% of the cells by the fourth passage.
While steady expression was detected in
the old populationin different passages. In
accordance with our results, Khong et al,,
2019 described the expression of surface
markers in human BM-mesenchymal stem
cells from two age groups and reported
that all cells were positive for CD73 and
CD9o and were negative for CD34 and
CD4509- In addition, the influence of age
on stem cell growth and proliferation and
so the surface marker expression has been
proved by Ahamad et al., 2021 and Iwata et

al., 20216%3)- Aged BM-MSCs showed a sig-
nificant decrease in the expression of all
surface markers when compared to young
cells. However, Fafidan-Labora et al., 2015
declared that there is no statistically signif-
icant differences in the mesenchymal
markers, CD29 and CD90, among MSCs ag-
ing groups and they added that the chron-
ological age mainly influences directly on
the expression of proliferative markers
Ki67 and CD117 32

Conclusion

In conclusion, according to our morpholog-
ical, ultrastructural, immunophenotypical,
and growth kinetic assessment, we recom-
mend that the most proper passage of BM-
MSCs for cell transplantation is P2-P3 ob-
tained from a young group of rats.
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Fig. (7): A &B: A stacked Line chart showing a comparison of growth curves of old, and young rat
bone marrow-derived mesenchymal stem cells (BM-MSCs) in serial passages between zero and four.
A: means of cumulative cell counts (x10%) in growth curves of each sample of old, and young cells over
time up to passage four. B: means of cell counts (x10%) in growth curves of old, and young cells for
each sample across four passages. C: Bar chart showing BM-MSCs doubling time in hours (Td) of old
and young rats across the four passages. *** Very highly significant difference between old and young
BM-MSCs in P1, P3 and P4 (p <0.000). * Significant difference between old and young BM-MSCs in P2
(p <0.038). D: Bar chart showing mean cell density/ cm? of old and young rats across the five passages
based on cell input and total cell output showing highly significant difference between young and old
MSCs, a p-valueis < 0.00001. Also, a significant difference was found between young and old BM-MSCs
on and across each passage, p < 0.05. E: Bar chart showing BM-MSCs daily proliferation rate of old and
young rats across the four passages that were based on passage timing and final increase of cell count.
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*** Very highly significant difference between old and young MSCs in P1 and P4 (p <0.000). ** Highly
significant difference between old and young BM-MSCs in P2 and P3 (p <0.001 & 0.003).
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