
Abstract

Background: Gastric stem cells (GSCs) can be isolated
from the mucosa of the stomach. They are multipotent stem
cells having the ability to proliferate and differentiate into
numerous cell lineages when cultured on suitable media. The
ability of the gastric stem cells to proliferate and differentiate
gives a hope for their potential use in the future as a line for
cell therapy.

Aim of Study: This study was carried out to isolate GSCs
from the mucosa of the stomach of the adult male albino rats,
culture these GSCs in suitable medium to allow for their
proliferation and characterization.

Material and Methods: The GSCs were isolated from the
rat stomach, cultured in a suitable medium for proliferation
then characterized and identified morphologically and immu-
nohistochemically.

Results: The GSCs were isolated from the rats' stomach,
proliferate in Fetal bovine serum (FBS) enriched DMEM F-
12 media with antibiotics to prevent the bacterial and fungal
growth and proliferation. The GSCs were identified morpho-
logically by the presence of long cytoplasmic processes and
the formation of colonies. They were identified immunohis-
tochemically by their positivity for CD44 and Nestin antigens
and negativity against CD34 antigen.

Conclusion: The GSCs can be easily isolated from the
stomach of rats, cultured in DMEM F-12 medium with 10%
FBS to proliferate rapidly forming large colonies.

Key Words: Stomach – Gastric stem cells – Rats – Isolation
– Culture.

Introduction

THE human body consists of more than two hun-
dred of the cell types that form the different body
tissues and organs [1]. All the cells are derived
from a single totipotent cell that is the zygot that
has all characters required for its viability and
reproduction [2]. Stem cells are immature cells
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derived from the three germ layers of the embryonic
disc (Ectoderm, endoderm and mesoderm) and
present in the different body tissues with prolonged
regeneration and multiplication capacity to replace
the damaged daughter cells and, according to their
origin, they can differentiate into multiple cell
types or even all cell types of the body [3]. They
can be artificially grown and transformed into
specialized cell types and show the criteria of
different cell types such as muscular, epithelial,
liver and nerve cells [4].

The stem cells can also fix into damaged tissues
to replace the damaged cells providing new hopes
for treatment of different chronic diseases such as
paralysis, Alzheimer disease and gastric peptic
ulcer. In recent years, many researchers studied
how to isolate, culture and proliferate the stem
cells from numerous human and animal tissues
including the epithelium of the gastrointestinal
tract. These previous studies proved the ability of
the stem cells to proliferate and differentiate when
cultured on suitable media. Then, these cells can
potentially be used in the curative treatment of
some diseases [5].

The stem cells undergo two types of cell divi-
sion; symmetrical and asymmetrical divisions. In
the symmetric division, the stem cell divides into
two identical daughter cells both of which have
the properties of the stem cell. In the asymmetric
division, the stem cell divides into (a) One stem
cell that replaces its mother cell and undergoes
more divisions and (b) A progenitor cell that un-
dergoes more differentiation to give a mature
functioning cell [6,7].

Types of stem cells:
A- Embryonic stem cells (ESCs): They are

pluripotent stem cells derived from the inner cell
mass of the blastocyst and can differentiate into
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Histologically, the wall of the stomach consists
of five layers from superficial to deep; mucosa
that is the innermost layer, submucosa, musculosa,
subserosa and serosa. The gastric mucosa, consists
of a simple columnar epithelium, lamina propria
of connective tissue and muscularis mucosa of
smooth muscle fibers [18].

The gastric stem cells are present in the epithe-
lium and lamina propria of the mucosa of the
stomach. The epithelium of the stomach undergoes
continuous regeneration from the epithelial stem
cells throughout life to replace the damaged cells
[19,20].

Material and Methods

A- Site of this study: This experimental study was
carried out in

1- The rats were purchased from and dissected in
the Medical Research Center, Faculty of Med-
icine, Ain Shams University, Cairo.

2- The isolation and culturing of the gastric stem
cells were carried out in the Pancreatic research
center, Faculty of Medicine, Ain Shams Univer-
sity, Cairo.

B- Time of the study: From March to May 2021.

C- Equipment for cell culture:
1- Petri-dishes, flasks and disposable one use

pipettes were used for culturing and sub-
culturing the gastric stem cells and preparation
and storage of the growth medium. They were
transparent, biologically inert and nontoxic. All
the instruments were sterilized by dry heat in
the oven at about 160ºC for one hour [21].

2- Laminar flow cabinet (NUAIRE, Biological
Safety Cabinets Class II Type, USA) [22].

3- Standard air/CO2 incubator (NUAIRE CF Auto-
flow CO2 Water jacketed Incubator, USA) [22].

4- Water bath (Polyscience) [23].

D- Reagents for cells extraction, culture and dif-
ferentiation:

- Dulbecco's Modified Eagle's Medium with Ham's
F12 (DMEM-F12) was used as a culture medium
for proliferation of the gastric stem cells (Dul-
becco's Modified Eagle's Medium with 4.5g/L
Glucose, with L Glutamine, Cat. N: BE 12-604
F, Lonza. B 4800 Verviers, Belginum). It was
stored at 4ºC [24].

- Human platelet lysate: Was added to the culture
medium as a nutrient for the actively dividing
stem cells. It was stored at 70ºC [25].

all cell types giving a good hope for cell-
replacement therapies but with ethical problems
[8].

B- Adult stem cells (Somatic stem cells): They
are undifferentiated cells, found in all body tissues,
they proliferate and divide continuously to replenish
the dying cells and repaire the damaged tissues so,
they can potentially divide to regenerate the entire
organ from a few cells. Unlike the embryonic stem
cells, the use of the human adult stem cells has no
ethical problems, so can be used easily in research
and therapy, as they are derived from adult body
tissues not from the embryonic cell mass [9]. There
are many types of the adult stem cells that include:
1- Neural stem cells (NSCs): Found in the central

nervous system [10].
2- Mesenchymal stem cells (MSCs): In numerous

tissues such as the lungs, wall of GIT, bone
marrow blood, olfactory mucosa and the umbil-
ical cord. They are an interesting source for
potential cellular therapy as they have good
plasticity, self-renewing ability and possibility
of their cellular transplant. Also they have the
possibility to differentiate to other specific cell
types according to the culture conditions and
environment in damaged tissue area because
the resident cells lead MSCs to differentiate to
replace the damaged cells [11].

3- Mammary stem cells: Isolated from the human
and animal mammary gland [12].

4- Testicular stem cells (TSCs): Derived from the
spermatogonia and give hope for restoration of
the fertility of the infertile males [13].

5- Hematopoietic stem cells: In the bone marrow
and umbilical cord blood and give all the blood
cells [14].

C- Induced pluripotent stem cells (IPSCs): They
are adult stem cells reprogrammed in vitro to gain
the ability to give rise to all body tissues [15].

D- Fetal stem cells: In the organs of the fetus
[16].

The stomach is a muscular hollow part of the
gastrointestinal tract between the esophagus and
the small intestine. Its functions include storage
of food, digestion and acting as a chemical break-
down by means of enzymes and hydrochloric acid.
Anatomically, the stomach consists anatomically
of four parts from proximal to distal; cardia, fundus,
body and pylorus that consists of pyloric antrum
that is the dilated proximal part, pyloric canal that
is a cylindrical part and pyloric orifice that is
surrounded by the pyloric sphincter [17].
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- Antibiotics: 10.000u penicillin/ml and 10.000u
streptomycin/ml were added to the culture medi-
um to prevent the growth of the bacteria and
fungi [26].

- Trypsin/EDTA: 0.25% trypsin suspended in 0.05%
Disodium ethylene diamine tetra-acetate). Helped
the cells to get separate from each other and from
the floor of the culture [27].

- Phosphate buffered saline (PBS): Was used as a
sterile solution for washing [28].

E- Reagents for immunohistochemistry:

Monoclonal antibodies against the antigens
CD34, CD44 [29] and nestin [30] (Sigma) were used
to identify the GSCs.

F- Microscopes:

1- Light microscope (Nikon with Panasonic camera,
Japan).

2- Inverted phase contrast microscope (Olympus
BX 50 with premiere 88-500 digital camera,
Japan).

G- Isolation technique of the stem cells from the
gastric mucosa:

The isolation process was carried out under
stricktly sterile conditions using a laminar flow
hood, sterile gloves, overhead covers and masks
to avoid any contamination.

Ten adult male albino rats of 6 months' age and
200-250 grams weight each were purchazed from
and dissected in the medical research center, faculty
of Medicine, Ain Shams University under sterile
conditions then, the mucosa of the stomach was
harvested and separated into small pieces then
incubated in sterile falcon tubes with 0.1% colla-
genase type I for half an hour at 37°C when trans-
mitted to the pancreatic research center, faculty of
Medicine, Ain Shams University. Then these small
pieces were separated into separate cells by centri-
fuging them for 10 minutes at 2000 rpm then
allowed to precipitate [31].

H- Primary culturing technique of the gastric stem
cells:

The precipitates were cultured in petri-dishes
containing 10ml complete medium that consists
of Dulbecco's Modified Eagle's Medium with Ham's
F12 (DMEM-F12) [24] enriched with human platelet
lysate that is a nutrient for the dividing stem cells
[27] with addition of 1% penicillin/streptomycin
to prevent the bacterial growth [26]. The cells were
incubated in a humidified atmosphere containing

5% CO2, at 37°C. Three days later, the the culture
medium with the non-adherent cells were removed
and replaced by 10ml of a fresh complete medium.
The culture was viewed daily and the medium was
changed every 3 days to provide more nutrient and
to remove the waste products. After 12-15 days,
the cells became more than 80% confluent and the
colonies were evidently formed then the cells were
passaged into subcultures [32].

I- Sub-culturing technique:

The culture medium was removed by pipette
aspiration then the cultured cells were immersed
and washed in 10ml PBS for 3 times. Then the
PBS was removed and 1ml of trypsin-EDTA was
added to each Petri-dish to allow the cells to sep-
arate from the floor of the culture. The dishes were
incubated in the CO2 incubator at 37ºC. The Petri-
dishes were viewed every 5 minutes by the inverted
microscope to detect the detached cells (The de-
tatched cells were rounded and floating) and when
the cells started to be detached from the floor, the
dishes were shaken gently to accelerate the detatch-
ement [33]. When all the cells were detached, 5ml
of complete medium was added to the culture to
alleviate and counteract trypsin-EDTA activity.
Then, the cells were subcultured by dividing the
solution in Petri-dishes (One ml in each dish) then
10ml of a fresh complete medium were added for
each dish. The subcultures were incubated, moni-
tored and followed-up as the same as the primary
culture [34].

J- Viability testing:

The viable and dead cells were differentiated
at the beginning and the end of the culture by the
use of the vital stain trypan blue that stains the
dead cells only. The gastric stem cells were de-
tatched from the floor of the culture using trypsin
EDTA then, a cell suspension was prepared in a
complete medium, 89% DMEM-F12 with 10%
FBS and 1% penicillin/streptomycin. 100µl of a
solution of 0.4% trypan blue was added to 100µl
of the cell suspension in a test tube and left for 2
minutes then viewed by the flow cytometry. The
viable cells appeared as bright transparent circles
while the dead cells appeared blue in color with
irregular contour [35].

K- Characterization of the gastric stem cells:

Characterization of the gastric stem cells was
performed by using immunocytochemical mono-
clonal antibodies against surface antigens on the
rat gastric stem cells, these antigens are CD34,
CD44 [29] and Nestin [30].
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The gastric stem cells were fixed to the floor
of the petri dishes by chilled acetone: Methanol
(1:1) for ten minutes then the acetone and methanol
were washed by phosphate buffer saline. The sec-
tions then were treated by 0.3% hydrogen peroxide
in methanol for thirty minutes. The cells then
incubated with CD34, CD44 [29] and nestin [30]
monoclonal antibodies at room temperature for
thirty minutes then examined by the phase contrast
microscope.

Results

The gastric stem cells were isolated from the
mucosae of the stomach of ten adult male albino
rats then, the GSCs were cultured on suitable
medium to allow them to proliferate.

A- Viability assay:
Statistical analysis of the viable and dead gastric

stem cells showed a viability of 95.4±2.3% through
all passages with statistically significant p-value
(p<0.5) (Fig. 1).

2442 Separation & Culturing of Stem Cells from the Gastric Mucosa

Fig. (1): Percentage of viable GSCs from the gastric mucosa
of 10 male albino rats.
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B- The primary culture of the GSCs:

In the primary culture, the GSCs became spin-
dle shaped, with single nucleus and small proc-
esses and adhered to the dish floor after 3 daysn
(Fig. 2). The non-adherent cells were removed.
Three days later, the cells proliferate with elon-
gation of their cytoplasmic processes (Fig. 3).
Three days more later, more proliferation occurred
reaching about 50% confluency and colonies
appeared (Fig. 4).

At the end of the 2nd week after plating and
with continuous proliferation, the cultured cells
reached more than 80% of the full confluency
(Fig. 5).

Fig. (2): A phase contrast photomicrograph of the primary
cultured GSCs 3 days after seeding before wash.
Numerous attached cells with cytoplasmic processes
(A) and few floating cells (F). Scale bar 100µm.
X100.

Fig. (3): A phase contrast photomicrograph of the primary
cultured GSCs six days after seeding showing pro-
liferation of the GSCs (Arrows). Scale bar 100µm.
X100.

Fig. (4): A phase contrast photomicrograph of the primary
cultured GSCs nine days after seeding showing
proliferation of the GSCs (Arrows) with the presence
of cell colonies (C) and about 50% conflouency.
Scale bar 100µm. X100.



C- The subcultures of the GSCs.:
In the subcultures, the GSCs were polygonal

or spindle in shape, with numerous cytoplasmic
processes in the first (Fig. 6), second (Fig. 7) and
third passages (Fig. 8). The samples from all the
ten rats showed the uniformity in colony formation
and cellular shape.

D- The GSCs stained by Giemsa stain:
When stained with Giemsa stain, the GSCs

were polygonal with granular cytoplasm and central
round nuclei (Fig. 9).
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Fig. (5): A phase contrast photomicrograph of the primary
cultured GSCs two weeks after seeding showing
more proliferation of the GSCs with more than 80%
conflouency. Scale bar 100µm. X100.

Fig. (6): A phase contrast photomicrograph of the cultured
GSCs during the first passage showing polygonal
cells (Arrows) with cytoplasmic processes and 100%
confluency. Scale bar 100µm. X100.

Fig. (7): A phase contrast photomicrograph of the cultured
GSCs during the second passage showing polygonal
cells (Arrows) with cytoplasmic processes and about
100% confluency. Scale bar 100µm. X100.

Fig. (8): A phase contrast photomicrograph of the cultured
GSCs during the second passage showing polygonal
cells (Arrows) with cytoplasmic processes with more
than 90% confluency. Scale bar 100µm. X100.

Fig. (9): A photomicrograph of the GSCs stained with Giemsa
during the third passage. The cells have single nuclei
and granular cytoplasm. Scale bar 100µm. X 100.

E- Characterization of the rat gastric stem cells:

The gastric stem cells were identified immuno-
histochemically during the 3rd passage by using
monoclonal antibodies against rat antigents CD34,
CD44, and Nestin. They were positive for CD44
(Fig. 10) and Nestin (Fig. 11) in the form of brown
cytoplasmic staining. The GSCs were negative for
CD34 (Fig. 12).



Discussion

This study revealed the possibility to isolate,
proliferate and characterize the gastric stem cells
from the mucosa of the stomach of the adult male
albino rats. This was in correlation with the results
of previous studies where the GSCs have been
separated from the epithelium of the stomach of
the human and cultured successfully the GSCs to
study their response to the infection with helico-
bacter pylori [36]. Also, the GSCs have been pre-
viously described as rapidly proliferating cells [37]
and this was confirmed in our study where full
confluency of the GSCs in the culture was reached
in two weeks.

The GSCs were identified in this study through
their positivity for Nestin gene and this was in
agrement with the previous study done by previous
studies that studied the correlation between the
overexpression of the antigen nestin on the gastric
epithelium and the development of adenocarcinoma
of the stomach depending on the normal presence
of nestin as a protein antigen on the surface of the
epithelial cells of the stomach [38]. Also the posi-
tivity of the GSCs in this study against CD44 is in
correlation with the results of a previous sudy
detected that the GSCs are positive for CD44 as a
surface molecule expressed on the surface of the
gastric stem cells and used as a marker for identi-
fication of the gastric cancer stem cells [39].

Also the negativity of the GSCs proved in this
study was in line with the results of a previous
study detected that the surface marker CD34 is
expressed only on the surface of the haematopoietic
cells as in the lymphoid tissue so used as a surface
marker in the diagnosis of cases of leukemia [40].

Culturing the GSCs on DMEM-F12 supple-
mented by the human platelet lysate and 1% Pen-
icillin-Streptomycin that improves the cell viability
and proliferation was done in correlation with
previous studies where DMEN-F12 has been used
to culture the corneal stem cells derived from the
corneal stroma [41] and the umbilical cord mesen-
chymal stem cells [42]. Enriching the culture me-
dium with human platelet lysate was in line with
the results of a previous sudy proved that human
platelet lysate is very useful when added to the
culture medium as it contains a high level of growth
factors helping the proliferation of the cells also,
the human platelet lysate replaced the fetal bovine
serum (FBS) as a nuritive substance added to the
culture of the stem cells to promote the proliferation
of the cells [43]. The addition of 1% Penicillin-
Streptomycin antibiotics to the culture medium
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Fig. (10): A photomicrograph of GSCs during the third passage
with immunostaining against the antigen CD44. The
cells are positively brown stained. Scale bar 100µm.
X100.

Fig. (11): A photomicrograph of GSCs during the third passage
with immunostaining against the antigen nestin. The
cells are positively brown stained. Scale bar 100µm.
X 100.

Fig. (12): A photomicrograph of GSCs during the third passage
with immunostaining against the antigen CD34. The
cells are negatively sained for CD34. Scale bar
100µm. X100.



was done because the necessity to add these anti-
biotics to the cultur media was proved in the past
to prevent the bacterial growth [44,45].

In this study, most of the GSCs became attached
to the floor of the Petri dishes with spindle-shaped
and polygonal morphology with numerous cyto-
plasmic processes with the formation of cell colo-
neis in the primary culture. These findings were
in agrement with the results of studies done previ-
ously and proved that, the cultured stem cells show
plastic adherent properties with the formation of
cytoplasmic processes with the ability of the stem
cells to become adherent to the plastic culture
dishes with the formation of colonies with spindle
shape during the first cultures [46,47].

In the present study, the formation of clonies
indicated the ability of the GSCs to proliferate and
this was in correlation with the results of previous
studies detected that, the culture of the stem cells
derived from the gastric mucosa form colonies
with small cell bodies and long cytoplasmic proc-
esses [48].

In the current study, the vital stain trypan blue
that stains the dead cells with damaged cell mem-
brane was used in agrement with previous studies
to detect the number of the living and dead cells
as it leaks through the intact cell membranes into
inside the cells so, it stains the dead cells only [49].
The viability of the GSCs was more than 95%
through the different passages and this finding was
the same as the results of previous studies [50].

Conclusion:
According to the findings of this study, it is

possible to isolate stem cells from the gastric
mucosa then, these cells can proliferate when
cultured on the suitable media that consists of
DMEM-F12 enriched by FBS and supplemented
by 1% penicillin/streptomycin to produce large
number of gastric stem cells. The GSCs then can
be characterized through their positivity against
Nestin and CD44 antigens and negativity against
CD34 antigen. The large number of the GSCs
produced gives the hope of the possibility to use
these cells in the cell therapy for treatment of some
degenerative diseases.
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