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Abstract: Mesenchymal stem cells (MSCs) became in recent years a promising implement for cell thera-
pies. Our study described the isolation and characterization of liver mesenchymal stem cells (LMSCs). We
isolated LMSCs from the rabbit liver tissue from two groups: 20*" day's old fetuses and 4 days-old kittens.
LMSCs were characterized by flow cytometry, immunohistochemistry (IHC), and quantitative real-time-
polymerase chain reaction (QRT-PCR). Flow cytometry of the isolated LMSCs showed variable expression
of the cluster of differentiation markers (CD) including, CD105, CD106, CD11b, CD38, CD63, CD9, and
CD14. Fetal liver isolated LMSCs showed expression of CD105, CD106, CD9, and CD63 but no expression
of CD14, CD11b, and CD38 was observed. Absolute expression of LMSCs was performed by qRT-PCR anal-
ysis to detect cytoskeleton genes including, vimentin, nestin, and desmin in the experimental groups. In
vivo localization of stem cell markers such as CD105 (Endoglin), vimentin, and desmin was also distin-
guished in fetal and neonatal liver tissues using IHC.
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Introduction

Stem cells were specialized cells that had the ca-
pability of self-renewal. They produced daughter
cells that reserved the same characteristics as their
progenitor cells (1). MSCs became a common
source for organ transplantation because they had
the probability to differentiate along many line-
ages, their lower immunogenicity, and possess a
low oncogenic potential (2). When comparing
MSCs isolated from adult rabbit bone marrow and
fetal LMSCs, the latter had a superior growth rate,
clonogenic competency, and plastic adherence.
Recent studies showed that using fetal liver cells in
liver therapies and transplantation with a higher
proliferation capacity than adult tissue cells (3).

MSCs/stromal stem cells were first isolated
from the bone marrow (4). Although the bone
marrow was considered the common source for
MSCs, they could be isolated from other sources,
taking into consideration the differences in surface
markers, proliferation rates, and differentiation
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ability. Many types of research were directed to
isolate and characterize LMSCs to draw attention
to the liver as an alternative source for MSCs, par-
ticularly due to increase demand for liver therapies
and transplantation (4). LMSCs exhibited a distinct
morphology and expressed specific sets of CD
molecules. Flow cytometry and single cell-based
assays were reliable to characterize these cells. The
phenotypic pattern to identify the MSCs cells re-
quired expression of CD73, CD90, and CD105
and lack of CD14, CD34, CD45 (5), (6), (7) be-
sides CD29, CD44, CD146, and CD140 (8). Im-
munofluorescence or immunohistochemistry was
applied to determine the immune-phenotype of
liver hepatic stem cells, with confirmation by ei-
ther RT-PCR or immune-blotting (9).

This work showed the isolation of LMSCs
from rabbits to highlight the importance of the
liver as an alternative source of MSCs for liver
therapies and transplantation. In vivo localization
of LMSCs by IHC gave an indication for im-
portance of these cells in liver development.
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Material and methods

The research protocol was reviewed by the In-
stitutional Animal Care and Use Committee, Zag-
azig University No, ZU-IACUC/2/F/13/2021).
All surgical approaches were performed under
general anesthesia, and all efforts were made to
minimize animal pain.

Collection of liver samples

20™ day's old fetuses were harvested from 8
white New-Zealand pregnant does (weight, 2-4.5
kg, and age, 1.5-3 years) and collected from the
Faculty of Veterinary Medicine and Faculty of Ag-
riculture, Zagazig University farms. The pregnant
does were anesthetized with an intramuscular in-
jection of 35 mg/kg ketamine Hcl (KETALAR,
100mg/ml, Pfizer, NY) and 5 mg/kg xylazine
(Xylaject, 20mg/ml, ADWIA, Egypt). After lapa-
rotomy, the intact fetal sacs were collected in nor-
mal isotonic saline containers and transported to
the laboratory within 4-8 hours in the icebox. Un-
der the laminar flow cabinet, the extracted fetal liv-
ers were washed with phosphate-buffered saline
(PBS) (Biowest, USA) containing penicillin-strep-
tomycin sterile-filtered solution 100ml (Biowest,
USA). The same previous procedures were per-
formed on 8 neonatal 4 day's old kittens.

Isolation and culture of rabbit .MSCs

The liver samples were the moved into
100mm culture dishes, and the enzyme reaction
was dismissed by pooling the liver into 10 mL of
high glucose Dulbecco’s modified Eagle me-
dium (DMEM) (Cegrogen-biotech, Germany).
After mechanical disintegration of the liver tis-
sues, the liver homogenate was digested with 16
ml trypsin 0.25% and collagenase type IV 0.1%
(Sigma, USA) for about 15 min at 37°. The reac-
tion was ended by adding an equal volume of
complete DMEM. The cellular suspension was
filtered through a 200um pore size nylon mesh
filter to remove cellular undigested tissues and
then centrifuged at 5000 rpm/3 min and the cell
pellet was washed with 20 mL of PBS. Finally,
the cells were re-suspended in a complete expan-
sion medium of DMEM containing 20% fetal
bovine serum (FBS) (Biowest, South America),
1% penicillin/streptomycin, 1% L-glutamine,
and 2.5 pg/mL amphotericin. The cells were
then seeded overnight in 75cm? plastic screw-
capped-culture flasks at 37°C in a humid 5%

CO; incubator. LMSCs were propagated in cul-
ture for 5-7 days, replacing the culture medium
every 2 days, until 90% confluent. The culture
flasks were examined with an inverted micro-
scope (LEICA DMi 1, 20 and 40xs, Germany).
At confluence, cells were washed by PBS and de-
tached with 0.25% trypsin-EDTA (Cegrogen-bi-
otech, Germany). The viability of cell suspen-
sions was determined by mixing 100 ul cell sus-
pensions with 100 pl of 0.4% trypan blue solu-
tion (Lonza, USA). The previous steps were per-
formed according to (10) and (11) methods.

gRT-PCR

Total RNA was extracted for gene expression
of LMSCs from the cultured cells according to
the user’s manual of the easy-RED Total RNA
Extraction Kit for Liquid Samples (iNtRON Bi-
otechnology, South Korea). After extraction,
RNA was quantified using a NanoDrop (Thermo
Scientific, USA). First-strand cDNA was synthe-
sized using iScript™ cDNA Synthesis Kit-Bio-
Rad according to the manufacturer’s instructions
and subsequently diluted with nuclease-free water
to 10 ng/mL cDNA. Firstly we made Pooling of
cdna of different samples for the same gene.
Then we prepared serial dilution of the pooled
cdna as 1/10, 1/100, 1/1000, 1/10000, and
1/100000. After that, standard curve was plotted
and Y axis represented the dilution rate and X for
ct value. We calculated the number of copies of
the unknown samples form the standard curve
with a regression model. qRT-PCR amplification
mixtures (25 pL) containing 25 ng template
cDNA, master mix buffer (12.5 uL); (TOPreal™
qPCR 2X PreMIX, SYBR Green with low ROX);
(Enzynomics, Korea), and 300 nM forward and
reverse primers were run in duplicate and per-
formed on a QIAGEN RT-PCR (Rotor-Gene Q,
QIAGEN, USA) by using Rotor-Gene QQ Series
software. The sequence of primers and the size of
fragments in the gene bank are listed in table (1).

Flow Cytometry

A single-cell suspension with cell aliquots
(5x10* cells in 500 pl of FACS buffer) stained
with conjugated specific antibodies was incu-
bated for 20 min at 4°C in micro-titer plates. The
staining method was done under the instruction
leaflet that accompanied the antibody. Cells were
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washed twice with the washing buffer and ana-
lyzed by a FACScan flow cytometer (FACSort,
Becton Dickinson, Germany) for one-color anal-
ysis. Data were analyzed using Cell Quest Pro
software. As anti-rabbit-specific antibodies were
commercially unavailable, anti-human or anti-
mouse antibodies were purchased and tested for
immune reactivity in rabbit cells. LMSc were di-
rectly stained with Anti-hCD9M PE-conjugated,
Anti-mCD105 FITC-conjugated, Anti-hCD63
PE-conjugated, Anti-VCAM-1/CD106 FITC-
conjugated, Anti-CD11b/Integrin alpha M PE-
conjugated, Anti-CD14 PE-conjugated, and
Anti-CD38 PE-conjugated (all from R&D sys-
tems, Minneapolis, United States). Goat anti-rab-
bit polyclonal IgG antibody (10 uI./10° cells) was
used to block nonspecific antibody binding.

Immunobistochemistry

Eight liver specimens fixed in formalin or
Bouin's solution were used in this study. Sliced 5-
7um paraffin wax-embedded liver sections were
mounted on glass slides, then de-paraffinized and
re-hydrated by graded alcohol, as previously de-
scribed by (12). To retrieve the antigen, the liver
sections were kept in citrate buffer (PH 6.0) mi-
crowave digestion. Endogenous peroxidase was
blocked with 0.05% hydrogen peroxide-metha-
nol solution for 30 min. To block the non-spe-
cific staining, sections were incubated in 5% not-
mal goat serum (diluted by 1:20 PBS) for 1 hour.
The slides were incubated overnight at 4 C with
anti-CD105 unconjugated Polyclonal, anti-Vi-
mentin (V9) unconjugated monoclonal, and anti-
Desmin unconjugated monoclonal antibodies (all
from Invitrogen, Thermo Fisher Scientific). Dia-
mino-benzidine (DAB) was used as a chromo-
genic substance (brown in color). All sections were
counter-stained with hematoxylin. Image Analysis
Slides were digitalized using Olympus digital cam-
era (Olympus LC20- Japan) installed on Olympus
microscope (Olympus BX-50, Tokyo, Japan) with
1/2X photo adaptor, using 20x and 40x objectives.
The result images were analyzed on Intel® Core
I3® based computer using Video Test Morphol-
ogy 5.2 software (Russia) with a specific built-in
routine for IHC analysis and stain quantification.
Images from five slices per tissue were taken 200
um apart. Five visions per slice were randomly

chosen for assessment of positive cells using image
analysis software (JID801D).

Statistical analysis

Data were expressed as mean values * stand-
ard deviation (SD). The unpaired Student’s t-test
was employed to assess statistically significant
differences among the samples in the qRT-PCR
in fetal and neonatal groups, with a significance
level set at P < 0.01.

Results and discussion
Isolation and culture of fetal and neonatal LMSCs

LMSCs were maintained in DMEM supple-
mented with 20% FBS. Within 24 h after seeding,
the LMSCs attached to the culture flasks and
started spreading. In the first days of culture, the
LMSCs grew as small spherical shaped-colonies
before reaching the confluence (Fig.1).

After successive culture and enrichment by
complete media in culture flasks, plastic adherent
cells with fibroblastic (spindle) shape proliferated
on the third day of culture. Upon reaching the
fiftth day of culture, we found the culture flasks
containing a high number of elongated fibro-
blastic (spindle-shaped) cells and a low count of
rounded cells (Fig.1).

The previous observation showed high prolif-
eration and growth of LMSCs in the medium, es-
pecially cells of the fetal liver source. From the
foregoing findings, we noticed the classification
of the LMSCs into three patterns in cell culture;
small spherical shaped cells, colony-like aggrega-
tions, and a spindle-shaped or fibroblast-like
morphology. These findings were like the previ-
ously reported findings in rabbits (3), (12), and
(13) and (11) in humans.

When applying the viability test of rabbit
LMSCs, we found that they were negatively
stained for trypan blue dye, so they appeared as
white shining cells. Living cells could pump out
this dye and be thus negatively stained (Fig.1). We
performed this test once cells were harvested, af-
ter 5 days of culture and showed the confluence
of living cells (over 90%). The rapid proliferation
rate of these cells indicated their importance in
liver transplantation. In humans, (11) confirmed
our result but, they said that the confluence of the
cells was got after 7—10 days of culture.
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Table 1: The primer sequences used for qRT-PCR analysis

Gene Size (base pairs) primers sequences [forward (F) and reverse (R)]

F:5- TGGACATTGAGATCGCCACC-3

o :
Vimentin 36 bp R:5-GAGTGGGTGTCAACCAGAGG-3'
Decmin 1861 F:5- TTTGGCACCAAGGGCTCC-3

p R:5-CAGGAACTCCTGGTTCACGG-3'
Nestin 173 bp F:5 TTCCGGCTCAGAGGAAGAGT-3

R:5'-CACCCCCATTCACATGCTCT-¥
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Figure 1: (A) Showing 27 day of culture inverted microscopy of LMSCs isolated from fetal liver. (B), (C) Show-
ing 5% day of culture inverted microscopy of fetal LMSCs (C) was the magnification power of (B). (D) Showing
viability of LMSCs. Blue circle: dead cells. Red circle: live cells. The magnification power of (A) was L20X and
(B), (C), and (D) was L40x

D

@]

>

(=] (=]

Lk I —— = 3 1 ="

i | M2 o = ®- —

w3 —

2] 24 go ™

273 ‘ 2o 3 2w

“ng | | il -
] J o3 e
Q""MMH]W 'D':m'r W] T Q-: . SRR L= ke e o AU
0% 10! 1% 10° 109 107 10" 10% 10° 10 107 10" 10 10® 10? 10% 10! 10f 107 10

¢D9 PE ¢D63 PE ¢D105 ¢0106

Figure 2: Representative histograms of flow cytometric analysis of fetal LMSCs. Violet filled curve represented
positive cells for specific staining and non-filled line represented the negative control group. M1 referred to
population 1 and M2 was population 2. (A) Cells were immunostained with CD9-PE (positive) and CD11b-
PE (negative). (B) Cells were immunostained with CD63-PE (positive) and CD14-PE (negative). (C) Cells were
immunostained with CD105-FITC (positive) and CD38-PE (negative). (D) Cells were immunostained with
CD106-FITC (positive) and CD11b-PE (negative)
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Figure 3: Showing representative histograms of flow cytometry analysis of neonatal LMSCs. (A) represented
negative reaction with CD11b-PE (negative control). (B) Cells were stained by CD9-PE. (C) Cells were im-
munostained with CD105-FITC. (D) The histogram indicated positive cells for CD106-FITC. (E) Cells were
immunostained with CD63-PE
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Table 2: Absolute expression of desmin, nestin, and vimentin {no. of DNA copies log (10)} data expressed as
Meant SEM (Standard Error Mean) n=4. (F) referred to fetal and (P) referred to postnatal. Value carry *
superscript indicated a significant difference p < 0.01

Group
Genes F group P group P value
e
Desmin 1.81+0.37 2.46£0.32 0.2552
Nestin 1.93+0.30 3.15£0.10* 0.018
Vimentin 3.05%0.16 3.34£0.61 0.669
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Figure 4: (A), (B), (C) Showing Absolute expression of desmin, nestin, vimentin respectively (no. of DNA
copies log (10) data expressed as Mean = SEM n=4. (F) referred to fetal and (P) referred to postnatal, ns:non-
significance, * indicated a significant difference
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Figure 5: Prenatal (A, B) and postnatal (D, E) liver tissues, stained with CD105, showing a group of positive
liver and vascular endothelial cells with moderate or intense brownish cytoplasmic reactivities (green arrows).
The magnification power of (A) and (D) was 20x and of (B) and (E) was 40x. Estimated positive cells were
seen in micrographs (C), (FY), with the corresponding percentages of immune reactivity. PV: portal vein, BD:
bile duct, red arrows: blood sinusoids
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Percentage of CD105 positive cells and their averages in pre-natal and pos-natal liver tissue

Figure 6: An illustrative chart demon-
strating the percentage of positive
CD105 cells and their averages in pre-
natal (first four columns) and postna-
tal (last four columns) liver tissues
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Figure 7: Prenatal (A, B) and postnatal (D, E) liver tissues, stained with desmin, showing a group of positive
liver cells with moderate brownish cytoplasmic reactivities (green arrows). The magnification power of (A) and
(D) was 20x and of (B) and (E) was 40x. Estimated positive cells were seen in micrographs (C), (F) with the
corresponding percentages of immune reactivity. PV: portal vein, BD: bile duct, red arrows: blood sinusoids

Percentage of desmin positive cells and their averages in pre-natal and post-natal liver tissue

Figure 8: An illustrative chart demon-
strating the percentage of positive des-
min cells and their averages in prenatal
(first four columns) and postnatal (last
four columns) liver tissues
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Figure 9: Prenatal (A,B) and postnatal (D,E ) liver tissues, stained with vimentin, showing a group of positive liver
cells with weak or moderate brownish cytoplasmic reactivities (green arrows). The magnification power of (A) and
(D) was 20x and of (B) and (E) was 40x. Estimated positive cells were seen in micrographs (C) and (F), with the
corresponding percentages of immune reactivity. PV: portal vein, BD: bile duct, red arrows: blood sinusoids

Figure 10: An illustrative chart s
demonstrating the percentage -
of positive vimentin cells and
their averages in prenatal (first
four columns) and postnatal
(last four columns) liver tissues

Flow cytometry

Representative histograms (Figs. 2 and 3)
showed staining profiles of LMSCs for specific
antibodies. We stained LMSCs for mesenchymal
specific markers; CD105 and CD106 in prenatal
and postnatal livers. Positive expression of
CD105 was in harmony with previous descrip-
tions of (4) in rabbits, humans, and rats, besides
(13) and (16) in humans. But there were some
findings mentioned by (13) in rabbits cleared
CD105 was absent from rabbit MSCs, besides (9)
and (10) in humans. The positive expression of
CD106 was similar to previous reports in humans
(4). While (13) in rabbits disagreed with CD106

Percentage of vimentin positive cells and their averages in pre-natal and post-natal liver tissue

! 1 159 1613

positive expression, they confirmed that CD106
was absent from the rabbit and human MSCs. Be-
sides, (4) mentioned low expression of CD106 in
the rats. CD63 and CD9 (Exosomal markers)
were also expressed in fetal and neonatal LMSCs.
Hematopoietic and endothelial markers; CD11b,
CD38, and CD14 were negatively expressed in all
populations of rabbit hepatic stem cells. In rab-
bits, (14) approved our results, besides (4), (13),
and (10) in humans.qRT-PCR study

We used qRT-PCR analysis for the absolute
expression of superscripts of vimentin, nestin,
and desmin. Our result (Fig. 4) showed a signifi-
cant difference between the expression of nestin
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in prenatal and postnatal groups, while no signif-
icant difference between levels of both vimentin
and desmin (p<0.01). Columns showed the com-
bined mean values (n = 4) of fetal and neonatal
rabbit LMSCs for each gene (Table 2). From the
previously mentioned data, we could conclude
that rabbit LMSCs expressed vimentin, nestin,
and desmin. These results were in harmony with
(14) who reported the presence of desmin and vi-
mentin in rabbit MSCs but only vimentin ex-
pressed in human MSCs. Also (9) showed posi-
tive expression of vimentin in human MSCs. hu-
man MSCs were absent from desmin according
to (15) outcomes. In humans, (10) found that
MSCs expressed neither desmin nor vimentin.

Immunobistochemistry

CD105 was a type I membrane glycoprotein
located on cell surfaces and had a crucial role in
angiogenesis. Examined sections from fetal liver
tissues treated with the mesenchymal angioge-
netic marker CD105 revealed focal moderate
brownish cytoplasmic reactivity in a group of un-
differentiated mesenchymal cells of oval shapes
around portal area and in a poorly differentiated
vascular endothelium. Meanwhile postnatal liver
tissue demonstrated markedly differentiated,
strongly positive vascular and sinusoidal endothe-
lial cells with a dark brownish cytoplasmic sus-
tainability. These findings were in parallel with
(17), (18) in humans. Positive cells were estimated
using Image ] software to be around 11-12% of
fetal liver cells and 17-18% of neonatal liver cells
(Fig. 5). An illustrative chart demonstrated the
percentage of positive CD105 cells and their av-
erages in fetal and neonatal liver tissues (Fig. 6).

Desmin was a muscle-specific member of the
intermediate filament (IF). It was one of the ear-
liest known myogenic markers in both skeletal
muscle and heart. Examined sections from fetal
liver tissues treated with the mesenchymal myo-
genic marker desmin revealed focal moderate
brownish cytoplasmic reactivity in a group of un-
differentiated oval and star-shaped mesenchymal
cells. These cells were confined around the portal
area, particularly at the vicinity of undifferenti-
ated bile ducts. In humans, (19) proved our re-
sults. While (20) in rats and (19) in human noted
that immunoreactivity of desmin gradually de-
creased upon reaching mid-gestation period. Ne-

onatal liver tissue showed a remarkably differen-
tiated cell with a moderate positive cytoplasmic
reactivity to a group of aggregated spindle shaped
mesenchymal cells (hepatic stellate cells). They
were located around biliary and vascular struc-
tures (portal vein and hepatic artery) in the portal
area and in some of the interstitial spindle cells.
These findings were in accordance with those
mentioned by (21) in dogs. On reviewing the lat-
ter mentioned data, we concluded that desmin
(skeletal muscle marker) was also immuno-ex-
pressed in smooth muscles of bile duct and blood
vessels wall. Our result was approved by (20) in
rats. Positive cells were estimated using Image ]
software to be around 21-22% of fetal liver cells
and 20-21% of neonatal liver cells (Fig. 7). An il-
lustrative chart demonstrated the percentage of
desmin positive cells and their averages in prena-
tal and postnatal liver tissues (Fig. 8).

Vimentin, also known as fibroblast intermedi-
ate filament, was the major intermediate filament
found in non-muscle cells. These cell types in-
clude fibroblast, endothelial cells, macrophages,
melanocytes, Schwann cells, and lymphocytes.
Sections of fetal liver tissues treated with the vi-
mentin (mesenchymal-fibrogenic marker) re-
vealed focal weak brownish cytoplasmic reactiv-
ity in a group of undifferentiated mesenchymal
cells. They are oval, flattened or rounded-shaped
cells; located in sinusoidal cells (kupffer cells). In
humans, (19) confirmed our results. While neo-
natal liver tissue showed remarkably differenti-
ated cells with a moderate positive cytoplasmic
reactivity to a group of spindle shape mesenchy-
mal cells named as perisinusoidal cells (hepatic
stellate cells). They were aggregated around the
vascular structures in the portal area and in some
of the sinusoidal endothelial cells. This outcome
was in agreement with the findings of (21) in dogs
and (22) in rabbits. The latter authors confirmed
that the sinusoids and perisinusoidal cells were
also stained for vimentin. Positive cells were esti-
mated using Image | software to be around 5-6%
of fetal liver cells and 16-17% of neonatal liver
cells (Fig. 9). An illustrative chart demonstrated
the percentage of vimentin positive cells and their
averages in prenatal and postnatal liver tissues
were demonstrated in (Fig. 10).
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Conclusions

Immunophenotyping of Rabbit LMSCs was
identified by flow cytometry. Fetal and neonatal
livers were used here as a source of LMSCs. Both
sources LMSCs showed positive expression of
CD105 and CD106 but not expressed hemato-
poietic cells specific marker. gqRT-PCR analysis
for the absolute expression of vimentin, nestin,
and desmin (cytoskeletons) in fetal and neonatal-
MSCs was achieved. There was a significant dif-
ference between levels of expression of nestin in
both groups of the study. We summarized the
sites where LMSCs markers were expressed in-
side the liver tissue by the IHC technique to en-
sure the role of these cells in the developing liver.
Our observations revealed the importance of the
liver as a good source for the isolation of MSCs
especially fetal LMSCs that showing superior ex-
pansion on culture. The latter point ensured the
fetal LMSCs importance in organ transplantation.
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