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The Effect of Intra-articular versus Intravenous Injection of
Mesenchymal Stem Cells on Experimentally-Induced Knee Joint
Osteoarthritis

Aya Mostafa, Horeya E. Korayem, Ereny Fekry, Somaya Hosny
Department of Histology, Faculty of Medicine, Suez Canal University, Ismailia, Egypt

Background: Osteoarthritis (OA) is a chronic degenerative debilitating disease, primarily affects joints, particularly weight-bearing areas.
The surface layer of the articular cartilage breaks down and wears away leading to rubbing of bones, pain, swelling, and joint stiffness.
Aim and Objectives: This study investigates the possible therapeutic effects of intra-articular versus intravenous injection of umbilical cord
blood mesenchymal stem cells (UCB-MSCs) against mono-iodoacetate-induced OA of the knee joints in male albino rats, using histological
and immunohistochemical techniques. Materials and Methods: Thirty male adult albino rats were randomized into five groups as follows:
Group (I) and (I): Served as control. Group (III): Osteoarthritic group. Group IV: Osteoarthritic and intraarticularly-injected MSCs. Group V:
Osteoarthritic and intravenously-injected MSCs. Animals were sacrificed 1 month after stem cell injection, the right knee was prepared for
histological techniques (Hematoxylin and Eosin and Toluidine blue stains) and immunohistochemical technique (Bax stain). Prussian blue stain
was used to assess homing of MSCs in Groups IV and V. Results: Knee joint surface was irregular, fissured, and fragmented in Group III. In
Groups IV and V, affected area was filled with newly formed tissue. Toluidine blue showed a decrease in matrix staining in Group III compared
to both control and MSCs-treated groups. Chondrocytes in Group III showed strong Bax immunoreactivity and this reaction decreased in
Group IV and V; however, Group V immunoreactivity was more than Group IV. Prussian blue stain showed labeled UCB-MSCs in many
chondrocytes in Group IV and few chondrocytes in Group V. Conclusion: Intraarticularly-injected UCB-MSCs showed better healing of knee
OA than intravenously-injected UCB-MSCs.
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INTRODUCTION

Osteoarthritis (OA) is characterized by progressive loss of
joint motion, deformities, and degenerative changes.["?! The
surface layer of articular cartilage breaks down and wears
away, which causes rubbing of bone, pain, swelling, and
joint stiffness.?!

There are surgical and chemical models of OA. Surgical models
need skillful surgical intervention.*> However, chemical
models include noninvasive procedures through single knee
joint injections of immunotoxins, inflammatory agents, papain,
collagenase, or mono-iodoacetate (MIA).[%”) Intra-articular
injection of MIA disturbs chondrocyte glycolysis by
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inhibiting glyceraldehyde-3-phosphatase dehydrogenase.
Neovascularization, chondrocyte death, subchondral bone
necrosis, and inflammation can also occur.®!

Mesenchymal stem cells (MSCs) are an attractive alternative for
the treatment of OA due to their trophic, immunomodulatory,
and anti-inflammatory effects.”! Intra-articular injection of
MSCs may become a new cell therapy for OA.!'% It helps
in cartilage regeneration of animals subjected to MIA
treatment.!'!]
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Intravenous injection of MSCs showed therapeutic effects,
varying from significant improvement to no effect, and hence,
its results remain inconclusive.!'?

Umbilical cord blood-derived MSCs (UCB-MSCs) are a
promising alternative to bone marrow as they are abundant,
easy to be harvested, and noninvasive.!'?!

Most of the previous studies have investigated articular
cartilage repair using bone marrow-derived MSCs and
not UCB.I" Moreover, up to our knowledge, no available
histological studies compared the effect of intra-articular versus
intravenous injection of UCB-MSCs on MIA-induced OA.

MaTeriALs AND METHODS

Thirty adult male albino rats weighing 180-250 g were
used in this study. Rats were randomized into five groups
as follows:

Group I (control I): animals of this group received single
intra-articular injection of 50 ul of physiological saline in the
right knees.!"") Group II (control II): received single intravenous
injection of 50 ul physiological saline in their tails. Group I1I:
osteoarthritic group; animals received single intra-articular
injection of 1 mg of MIA dissolved in 50 ul physiological
saline in the right knees.' Group IV: (osteoarthritic and
intraarticularly-injected MSCs); animals received single
intra-articular injection of 1 mg of MIA dissolved in 50 ul
physiological saline in the right knee. Seven days later, they
received single intra-articular injection of 10° UCB-MSCs in
50 ul of phosphate-buffered saline (PBS) in the right knees.!'”!
Group V: (osteoarthritic and intravenously-injected MSCs);
animals received single intra-articular injection of 1 mg of
MIA dissolved in 50 pl physiological saline in the right knees.
Seven days later, they received single intravenous injection of
10° UCB-MSCs in 50 pl of PBS in their tails.

Procedure of intra-articular injection!'®

1. Animals were anesthetized using ketamine (40 mg/kg)

2. Their right knees were shaved and sterilized using 70%
ethyl alcohol

3. The right knees were flexed at a 90° and injected through
the infrapatellar ligament using a syringe with a 30-G
needle.

Steps of isolation and culture of stem cells

1. Human UCB was collected from normal volunteers after
taking their written informed consent at the Obstetric
Emergency Room of Suez Canal University Hospitals.
Blood collection was made before the expulsion of the
placenta. The umbilical vein was cleansed with alcohol
followed by betadine. Then, the blood was collected in
50 ml graded sterile plastic Falcon tubes each contains
10 ml of citrate phosphate dextrose anticoagulant!'®!

2. The culture media were prepared as follows; 500 ml
MEM + 50 ml FBS + 5 ml Penicillin-Streptomycin”!

3. Workplace preparation: The laminar flow and the CO2
incubator were swabbed with Ethyl Alcohol (70%)

4. Processing of UCB samples: UCB sample was diluted
in a proportion of 1:1 in a Dulbecco’s PBS(Biowest).
The diluted UCB sample was layered into sterile
centrifuge tube containing Ficoll-Hypaque solution. After
centrifugation, the buffy coat containing the low-density
mononuclear cells (MNCs) was isolated

5. MNCs were cultured in flasks, then 5 ml of prepared culture
media were added to each flask, incubated in the CO,
incubator at 37°C and humidified atmosphere containing
5% CO,. After overnight incubation, nonadherent cells
were removed, and fresh media were added to the
culture flask, media were changed every 3 days and
cellular growth assessed continuously under an inverted
microscope

6. Forlabelingof MSCs, each flask of cultured cells was injected
once with 1 ml of superparamagnetic iron oxide (SPIO)
contrast agent 25 pug Fe/ml (feridex) (Bayer Health Care
Pharmaceuticals). Then, flasks were incubated at 37°C/5%
CO2 for 24 h27

7. For the subculture of MSCs; when the Feridex-labeled
MSCs reached 80% confluence, the media were discarded
from the flask. Adherent cells were washed twice with
pre-warmed PBS to remove any SPIO, and then the
wash solution was discarded. Trypsin was added to each
flask for cellular detachment. Then, cell suspension was
collected in falcon tubes and then was centrifuged.

The cell pellet was counted using automated counting
device, where the nucleated cell count/ml = No. X
10 (as No. = The number of nucleated cells counted by the
automated counter).!'”’

After 1 month of stem cells injection, the animals in all
groups were anesthetized using ketamine and sacrificed
by decapitation. Specimens from the right knee (lateral
femoral and tibial condyles with subchondral bone) were
cut by a sharp blade and then were fixed in 10% neutral
buffered formalin for 2 days then put in 10% EDTA for
2 weeks.?!! The solution was changed every 3 days until
the softening of the specimens was achieved. Dehydration
through graded alcohol and clearing with xylene was done.
Then, specimens were embedded in paraffin and 5 um
sagittal sections were obtained. Sections were stained by
Hematoxylin and Eosin (H and E) for demonstration of the
general architecture of the articular joint,*?! and toluidine
blue for demonstration of the cartilaginous proteoglycan (PG)
content of the articular cartilage of the knee joint.[?*]
Immunohistochemistry for downregulation of the protein
expressed by Bax (pro-apoptotic protein marker) was assessed
to clarify the apoptosis of the chondrocytes.* Qualitative
and quantitative assessments were performed. Qualitative
assessment was conducted by examining ten serial sections
from each animal at high power field (x400 and x1000)
to look for surface irregularity, chondrocytes shape
(shrunken — disorganized), nuclei (pyknotic, karyorrhectic,
karyolytic), cytoplasm (pale, vacuolated), tidemark (incomplete
or absent), and subchondral bone (erosions or cracks).
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Quantitative measurements were done on 5-um thick sections
using an image J-based analysis system. Three sections per
animal were used to assess the following: (a) the mean articular
cartilage thickness in toluidine blue-stained sections. (b) The
mean optical density for the PG content of the articular
cartilage matrix in the toluidine blue-stained sections,
and (c) the pro-apoptotic immunoreactivity of chondrocytes
in BAX-immunohistochemical-stained sections.

To assess the homing of MSCs in cell-treated groups
(Groups IV and V), the slides were stained with Prussian blue.

All experimental procedures of animals used for the current
study were approved by the Ethical Committee of the Faculty.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS 20 software, IBM
Corporation). A one-way analysis of variance test was
performed to compare between the groups followed by post
hoc test. The studied groups’ differences were only statistically
significant when P < 0.05.

ResuLts

Examination of H and E stained knee joint sections of the animals
of the two control groups showed normal articular cartilage.
The articular surface was intact and smooth. The chondrocytes
in the superficial zone had a small elongated, elliptic, and
flattened shape, with the long axis parallel to the surface.
Those located deeper (in the transitional zone) were nearly
spherical or rounded [Figure 1a and b]. Some cells were found
in small groups forming cell nests [Figure 2a and b]. H and E
stained sections of the knee joint from group III showed

marked histopathological changes. The knee joints of all
animals (100%) [Table 1] in this group showed thin irregular
fibrillated articular cartilage [Figure lc]. The normally
arranged four zones could not be seen in osteoarthritic
cartilage. Most of the animals (83%) showed chondrocytes
with vacuolated cytoplasm and shrunken/pyknotic or
karyorrhectic nuclei [Figure 2¢]. The tidemark was incomplete
or absent in many animals (67%) [Table 1] and the upper part
of subchondral bone showed few erosions and vertical cracks
in 83% of the animals [Figure 2¢]. Group IV (osteoarthritic and
intraarticularly-injected MSCs) showed an almost smooth
and intact articular surface in many animals (67%) of this
group [Figure 1d], the rest of the animals had some surface
irregularities. Chondrocytes, with basophilic cytoplasm and
round open face nuclei, were found inside their lacunae in
addition to cell nests similar to control groups [Figure 2d].
Few cells with pyknotic nuclei were seen in only 17% of
the animals. Tidemark and subchondral bone had nearly
normal appearance in all animals of this group [Figure 2d].
In Group V (osteoarthritic and intravenously-injected MSCs),
many animals (67%) had irregularities of the articular
surface [Figure le] and 50% of the animals, had pyknotic
nuclei in many chondrocytes [Figure 2e]. Chondrocytes with
vacuolated cytoplasm were also seen in some animals (33%).
Tidemark was incomplete in some animals (50%) and
subchondral bone showed vertical cracks [Figure 2¢]. The rest
of the animals (33%) showed nearly normal articular cartilage
appearance.

Toluidine blue sections of the control group showed
homogenously deep blue stained matrix of the articular
cartilage. The extracellular matrix (ECM) showed densely
stained areas closely surround the chondrocytes (territorial

Figure 1: (a) A photomicrograph of knee joint from control Group A showing chondrocytes (C), tidemark (T) and subchondral bone (H and E, x400).
(b) A photomicrograph of knee joint from control Group B showing chondrocytes (C), tidemark (T) and subchondral bone. (H and E, x400).
(c) A photomicrograph of knee joint from osteoarthritic group showing disorganized irregular articular surface (3<). Incomplete tidemark is also
shown (T). (Hand E, x400). (d) A photomicrograph of knee joint from osteoarthritic and intraarticularly-injected mesenchymal stem cells group showing
almost normal chondrocytes (C), tidemark (T) and subchondral bone. (H and E, x400). (e) A photomicrograph of knee joint from osteoarthritic and
intravenously-injected mesenchymal stem cells group showing irregular surface. Chondrocytes have pyknotic nuclei (A ).Tidemark (T) is incomplete

and subchondral bone showed vertical cracks [1] (Hand E, x400)
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zone) and the stain showed decreased intensity in between
the chondrocytes (inter-territorial zone) [Figure 3a and b].
Toluidine blue sections of the osteoarthritic group showed
thin articular cartilage in comparison to control groups [Table
3]. The articular surface was fibrillated and irregular. The
blue-stained matrix of the articular cartilage was less intense
than that of the control groups [Figure 3c]. Osteoarthritic and
intraarticularly-injected MSCs group showed that the newly
formed matrix in the upper part of the cartilage had less blue
staining intensity than that in the lower part [Figure 3d].
The same finding was detected in the osteoarthritic and
intravenously-injected MSCs group [Table 2 and Figure 3e].

BAX immunostaining of Group I and II showed
almost negative immunoreactivity in the cytoplasm of
chondrocytes [Figure 4a and b]. Osteoarthritic group
showed a strong positive brownish color reaction in the

cytoplasm of chondrocytes [Figure 4c]. In Osteoarthritic
and intraarticularly-injected MSCs group, there was a
decrease in the brown cytoplasmic immunoreactivity of the
chondrocytes compared to osteoarthritic group [Figure 4d].
The immunoreactivity in the cytoplasm of the chondrocytes
in the osteoarthritic and intravenously-injected MSCs
group was slightly less than osteoarthritic group and more
than osteoarthritic and intraarticularly-injected MSCs
group [Table 2 and Figure 4e].

Prussian blue stain (of iron oxide-labeled cells) for detecting
homing of labeled UCB-MSCs in Group IV and V showed
the labeled UCB-MSCs in the form of intracellular blue
staining in many chondrocytes in osteoarthritic and
intraarticularly-injected MSCs group [Figure 5a], and in few
chondrocytes in osteoarthritic and intravenously-injected
MSCs group [Figure 5b].

Figure 2: (a) A photomicrograph of knee joint from control (A) group showing many chondrocytes (C), with open face nuclei and clear basophilic

cytoplasm, inside their lacunae. Cell nests are also shown (H and E, x1000). (b) A photomicrograph of knee joint from control (b) group showing
many chondrocytes (C), with clear basophilic cytoplasm, inside their lacunae. Cell nests are also shown (H and E, x1000). (c) A photomicrograph
of knee joint from osteoarthritic group showing chondrocytes with karyorrhectic nuclei (1). Some chondrocytes showing vacuolated cytoplasm
with shrunken nuclei (A) (H and E, x1000). (d) A photomicrograph of the knee joint from osteoarthritic and intraarticularly-injected mesenchymal
stem cells group showing almost normal chondrocytes, with open face nuclei and basophilic cytoplasm, inside their lacunae (C). Cell nests are also
shown (H and E, x1000). (e) A photomicrograph of the knee joint from osteoarthritic and intravenously-injected mesenchymal stem cells group
showing many chondrocytes with pyknotic nuclei (1) (H and E, x1000)

Table 1: The frequency distribution of the histopathological changes in the articular cartilage in the different
experimental groups

Groups Histopathological changes

Surface Chondrocytes Incomplete/  Subchondral

|rreg°|./|lar|ty Pale/vacuolated Pyknotic/karyolytic/ abse:t gde h bone o
(%) cytoplasm (%)  karyorrhectic nuclei (%)  ™af (%) changes (%)

Group I (control A) 0 0 0 0 0
Group II (control B) 0 0 0 0 0
Group III (osteoarthritic) 100** 83%:* 83*+ 67 83**
Group IV (OA and intraarticularly-injected MSCs) 33# 17 17 17 0%
Group V (OA and intravenously-injected MSCs) 67 33 50 50 33

OA: Osteoarthritis, MSCs: Mesenchymal stem cells. *Statistically significant compared to control A group, *Statistically significant compared to control B
group, *Statistically significant compared to osteoarthritic group
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Discussion

H and E stained sections in osteoarthritic group, in the current
study, showed irregularity and fibrillation of the articular
surfaces. Many chondrocytes showed degenerative/necrotic
changes. The tidemarks were incomplete/absent and
subchondral bone showed erosions with vertical cracks.
These results are consistent with those of Kim et al.*> study
in which rats were received 2.5 mg MIA injected into the
infrapatellar ligament of the knee joints resulting in severe
irregular abrasions of the articular surfaces with rough edges
around the femur and the tibia. Furthermore Jacer et al.*®
reported articular surfaces fibrillations, decreased cartilage
thickness and loss of tidemarks integrity in the knee joints of
osteoarthritic rats, 6 weeks after OA induction by intra-articular
injection of collagenase I1.

In our study, there was a significant decrease in the cartilage
thickness and the optical density of matrix PG in toluidine

d “

blue-stained sections in the osteoarthritic group compared to
other groups. These results were supported by Niu et al.?”)
who found, after surgical transection of the anterior cruciate
ligaments in the femorotibial joints of rabbits that the
cartilage thickness decreased in addition to fading or totally
disappearance of the toluidine blue stain from the surface to
the deep layers as OA grade increases.

The BAX immunohistochemical-stained sections of
osteoarthritic group showed the strong brownish color
reaction of the chondrocytes compared to other groups.!*®
also found significantly increased levels of BAX-positive
cells in rats of the surgically-induced osteoarthritic group than
other groups after 16 weeks of modeling. Our BAX results
could be explained by the fact that MIA caused apoptosis
of chondrocytes via the mitochondrial pathway,* as BAX
is a promoting cell-apoptotic factor.’®*!) The infiltration of
inflammatory cytokines into the chondrocytes leads to a
decrease of mitochondrial membrane potential due to the

Figure 3: (a) A photomicrograph of knee joint from control (A) group showing homogenously deep blue articular cartilage. The territorial zones are more
densely stained than inter-territorial zones (Toluidine Blue, x400). (b) A photomicrograph of knee joint from control (B) group showing homogenously
deep blue articular cartilage. The territorial zones are more densely stained than interterritorial zones (Toluidine Blue, x400). (c) A photomicrograph
of the knee joint from osteoarthritic group showing thinning of the articular cartilage compared to control groups. The blue matrix staining is less than
control groups (Toluidine Blue, x400). (d) A photomicrograph of knee joint from osteoarthritic and intraarticularly-injected mesenchymal stem cells group
showing that the blue staining of the newly formed matrix in the upper part (1) of the cartilage is less intense than that in the lower part (M) (Toluidine Blue,
%x400). (e) A photomicrograph of knee joint from osteoarthritic and intravenously-injected mesenchymal stem cells group showing that the blue staining
of the newly formed matrix in the upper part (1) of the cartilage is less intense than that in the lower part (M) (Toluidine Blue, x400)

Table 2: Mean optical density of proteoglycan content in toluidine blue and immunoreactivity of BAX - immunohistochemical

stained sections in different study groups

Group Mean+SD

Density of toluidine blue Density of BAX
Group I (control group A) 73.15+7.26 0.44+0.22
Group II (control group B) 67.63+£8.34 0.56+0.15
Group III (osteoarthritic group) 14.57+£10.14** 43.96+9.75%
Group IV (osteoarthritic and intraarticularly-injected MSCs) 60.80+9.45% 7.86+3.19%S

Group V (osteoarthritic and intravenously-injected MSCs)

39.164+9.37#3 23.55+8.23"#S

SD: Standard deviation, MSCs: Mesenchymal stem cells, BAX: Bcl-2-associated X protein. *Statistically significant compared to control A group (P=0.000).
*Statistically significant compared to control B group (P=0.000). *Statistically significant compared to osteoarthritic group (P=0.000). *Statistically significant

difference between intra-articular and intra-venous MSCs groups (P=0.000)
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Figure 4: (a) A photomicrograph of knee joint from control (A) group showing almost negative cytoplasmic immunoreactivity of
chondrocytes (BAX immunostaining, x1000). (b) A photomicrograph of the knee joint from control (B) group showing almost negative cytoplasmic
immunoreactivity of chondrocytes (BAX Immunostaining, x1000). (c) A photomicrograph of the knee joint from osteoarthritic group showing strong
cytoplasmic immunoreactivity of the chondrocytes in the form of brownish color reaction (1). (BAXimmunostaining, x1000). (d) A photomicrograph of
the knee joint from osteoarthritic and intraarticularly-injected mesenchymal stem cells group showing decreased brownish cytoplasmic immunoreactivity
of chondrocytes compared to the osteoarthritic group (7). (BAX immunostaining, x1000). (e) A photomicrograph of the knee joint from osteoarthritic
and intravenously-injected mesenchymal stem cells group showing brownish cytoplasmic immunoreactivity of chondrocytes slightly less than

osteoarthritic group and more than intraarticularly-injected mesenchymal stem cells group (1) (BAX immunostaining, % 1000)

Figure 5: (a) A photomicrograph of the knee joint from osteoarthritic
and intraarticularly- injected mesenchymal stem cells group showing
iron oxide-labeled human umbilical cord blood-mesenchymal stem cells
which appear as intracellular blue staining in the form of dots in many
chondrocytes (1) (Prussian blue, x1000). (b) A photomicrograph of the
knee joint from osteoarthritic and intravenously- injected mesenchymal
stem cells group showing iron oxide-labeled human umbilical cord
blood-mesenchymal stem cells which appear as intracellular blue staining
in the form of dots in few chondrocytes (1) (Prussian Blue, x1000)

opening of small holes in the inner mitochondrial membrane.
This triggers cyt-c (proapoptotic) migration from mitochondria
to the cytoplasm, leading to the formation of complex
apoptosome. The formed apoptotic body caused activation of
caspases, resulting in chondrocyte apoptosis,****! which was
showed as increased levels of BAX-positive cells in our results.

In osteoarthritic and intraarticularly-injected MSCs (IV) group,
H and E stained sections showed almost smooth and intact
articular surfaces. Chondrocytes, tidemark, and subchondral
bone appeared similar to those of the control groups.!'!! It was
demonstrated that the intraarticularly injected HUC-MSCs
7 days after induction assisted MIA-treated chondrocytes in
recovering from impaired proliferation and increased apoptosis
and helped in regeneration of hyaline cartilage.

In our study, few animals of this group showed surface
irregularities and few pyknotic nuclei. These findings could
be explained by the possibility that MSCs might deposit in
the joint space without attaching to the surface of the injured
cartilage. Furthermore, the mobility of the joint might damage
MSC:s affecting their biological activity and reduce their ability
of cartilage repair.[343

In Toluidine blue-stained sections of this group, we found
almost intact articular surfaces and increased blue staining of
the matrix. There was a statistically significant increase in the
optical density of PG content and articular cartilage thickness
compared to the osteoarthritic group.

These results are consistent with those of Miki et al.% study
in which a surgically-induced cartilage defect was created
in the medial femoral condyle of dogs’ knees. They found
marked PGs accumulation and a considerable amount of
chondrocyte-like cells after combined intra-articular injection
of synovium-derived MSCs and hyaluronic acid 7 weeks
postsurgery. These results could be due to differentiation
potential of the intraarticularly-injected stem cells when
these cells differentiate into chondrocytes, they change their
morphology, express chondrogenic differentiation markers, and
produce an ECM that contains acidic PGs, which stain positive
for toluidine blue, the positive blue areas and intensity of
toluidine blue staining indicated the existence of acidic PGs.”

BAX immunohistochemical-stained sections of this group, in
our study, showed a significant decrease in the immunoreactivity
of'the chondrocytes compared to the osteoarthritic group. This
can confirm the decrease in the apoptotic activity observed in
the histopathological analysis of the cartilage in this group.
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Table 3: Mean articular cartilage thickness in different
experimental groups in toluidine blue stained sections

Mean+SD
226.4101+33.044
218.31+31.505
85.613+14.337%
200.41+38.055%

Group
Group I (control Group A)

Group II (control Group B)
Group III (osteoarthritic group)
Group IV (osteoarthritic and
intraarticularly-injected MSCs)
Group V (osteoarthritic and 142.46+26.914"#5
intravenously-injected MSCs)

*Statistically significant compared to control A Group (P=0.000),
*Statistically significant compared to control B Group (P=0.000),
“Statistically significant compared to osteoarthritic group (P=0.000),
SStatistically significant difference between intra-articular and intravenous
MSCs groups (P=0.000). SD: Standard deviation, MSCs: Mesenchymal
stem cells

MSCs have been shown to prevent or reduce apoptosis in a
variety of in vitro or in vivo models. Production of stromal
cell-derived factor-1 alpha (SDF-1 alpha) and secreted
frizzled-related protein 2 was reported to participate in the
antiapoptotic function of MSCs.B*®!

In osteoarthritic and intravenously-injected MSCs (V) group,
H and E stained sections of some animals showed irregularities
of the articular surfaces and many chondrocytes had pyknotic
nuclei. However, the rest of the animals showed nearly normal
articular cartilage appearance. Our results are in concordance
with many studies that used MSCs for the treatment of systemic
arthritis.® It was demonstrated that intravenous infusion of
MSCs, significantly reduced the severity of systemic collagen
[I-induced arthritis, 35 days post infusion in the injected
mice than PBS-treated mice.*" It was mentioned that MSCs
can exert systemic anti-inflammatory effects following IV
administration in inflammatory disorders such as OA.

However, MSCs have been given intravenously in animal
models of autoimmune arthritis and lead to different therapeutic
effects, varying from significant improvement to no effect.['”]
This could be explained by some studies which reported that
MSCs didn’t migrate into the joints, but they found to be
located in the spleen.[ !4

In Toluidine blue-stained section, in this group of our study,
irregularities of the articular surface were seen. The blue
staining of the matrix and the optical density of PG content and
the articular thickness were slightly increased compared to the
osteoarthritic group. This may be explained by the intravenous
route of administration and the resulting few cells detected in
the affected joints, which lead to chondrogenic differentiation
and increase matrix PG content.

BAX immunoreactivity of the chondrocytes in this group
was slightly less than the osteoarthritic group and more than
intraarticularly-injected MSCs group. Our findings were
similar to those of Hussien et al.*) who showed a significant
decrease in Bax immunoreaction in islets of Langerhans of
diabetic rats after two successive intravenous injections of
MSCs (2 weeks apart) compared to diabetic group. This could

be explained by the antiapoptotic and anti-inflammatory effects
of MSCs. Many studies reported similar findings.*++]

CoNCLUSION

Intraarticularly-injected UCB-MSCs showed better healing of
knee OA than intravenously-injected UCB-MSCs. Therefore,
UCB-MSC therapy might be used as a therapeutic agent in
osteoarthritic patients.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Bottegoni C, Muzzarelli RA, Giovannini F, Busilacchi A, Gigante A.
Oral chondroprotection with nutraceuticals made of chondroitin
sulphate plus glucosamine sulphate in osteoarthritis. Carbohydr Polym
2014;109:126-38.

2. Maldonado M, Nam J. The Role of Changes in Extracellular Matrix
of Cartilage in the Presence of Inflammation on the Pathology of
Osteoarthritis. Bio Med Research International 2013;2013:1-10.
Doi: 10.1155/2013/284873.

3. Mamidi MK, Das AK, Zakaria Z, Bhonde R. Mesenchymal stromal
cells for cartilage repair in osteoarthritis. Osteoarthritis Cartilage
2016;24:1307-16.

4. Longo UG, Loppini M, Fumo C, Rizzello G, Khan WS, Maffulli N,
et al. Osteoarthritis: New insights in animal models. Open Orthop J
2012;6:558-63.

5. Thysen S, Luyten FP, Lories RJ. Targets, models and challenges in
osteoarthritis research. Dis Model Mech 2015;8:17-30.

6. Bove SE, Calcaterra SL, Brooker RM, Huber CM, Guzman RE,
Juneau PL, et al. Weight bearing as a measure of disease progression
and efficacy of anti-inflammatory compounds in a model of
monosodium iodoacetate-induced osteoarthritis. Osteoarthritis Cartilage
2003;11:821-30.

7. Im HJ, Kim JS, Li X, Kotwal N, Sumner DR, van Wijnen AlJ, et al.
Alteration of sensory neurons and spinal response to an experimental
osteoarthritis pain model. Arthritis Rheum 2010;62:2995-3005.

8. Pitcher T, Sousa-Valente J, Malcangio M. The monoiodoacetate
model of osteoarthritis pain in the mouse. J Vis Exp 2016;(111).
doi: 10.3791/53746.

9. de Girolamo L, Kon E, Filardo G, Marmotti AG, Soler F, Peretti GM,
et al. Regenerative approaches for the treatment of early OA. Knee Surg
Sports Traumatol Arthrosc 2016;24:1826-35.

10. Zhong L, Huang X, Karperien M, Post JN. The regulatory role of
signaling crosstalk in hypertrophy of MSCs and human articular
chondrocytes. Int J Mol Sci 2015;16:19225-47.

11. Chang YH, Wu KC, Liu HW, Chu TY, Ding DC. Human umbilical
cord-derived mesenchymal stem cells reduce monosodium
iodoacetate-induced apoptosis in cartilage. Ci Ji Yi Xue Za Zhi
2018;30:71-80.

12. MacDonald GI, Augello A, De Bari C. Role of mesenchymal stem cells
in reestablishing immunologic tolerance in autoimmune rheumatic
diseases. Arthritis Rheum 2011;63:2547-57.

13. Lo WC, Chen WH, Lin TC, Hwang SM, Zeng R, Hsu WC, et al.
Preferential therapy for osteoarthritis by cord blood MSCs through
regulation of chondrogenic cytokines. Biomaterials 2013;34:4739-48.

14. Wong KL, Lee KB, Tai BC, Law P, Lee EH, Hui JH. Injectable cultured
bone marrow-derived mesenchymal stem cells in varus knees with
cartilage defects undergoing high tibial osteotomy: A prospective,
randomized controlled clinical trial with 2 years’ follow-up. Arthroscopy
2013;29:2020-8.

15. Guzman RE, Evans MG, Bove S, Morenko B, Kilgore K.

.Journal of Microscopy and Ultrastructure | Volume 9 | Issue 1 | January-March 2021




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mostafa, et al.: Effect of MSC on knee joint osteoarthritis

Mono-iodoacetate-induced histologic changes in subchondral bone
and articular cartilage of rat femorotibial joints: An animal model of
osteoarthritis. Toxicol Pathol 2003;31:619-24.

. Ogbonna AC, Clark AK, Malcangio M. Development of monosodium

acetate-induced osteoarthritis and inflammatory pain in ageing mice.
Age (Dordr) 2015;37:9792.

. Horie M, Choi H, Lee RH, Reger RL, Ylostalo J, Muneta T, et al.

Intra-articular injection of human mesenchymal stem cells (MSCs)
promote rat meniscal regeneration by being activated to express Indian
hedgehog that enhances expression of type II collagen. Osteoarthritis
Cartilage 2012;20:1197-207.

. Bieback K, Netsch P. Isolation, culture, and characterization of

human umbilical cord blood-derived mesenchymal stromal cells. In:
Mesenchymal Stem Cells. Methods in Molecular Biology. New York:
Humana Press; 2016. p. 245-58. Available from: https:/link.springer.
com/protocol/10.1007/978-1-4939-3584-0 14. [Last accessed on
2018 Jul 23].

. Zhang X, Hirai M, Cantero S, Ciubotariu R, Dobrila L, Hirsh A, et al.

Isolation and characterization of mesenchymal stem cells from human
umbilical cord blood: Reevaluation of critical factors for successful
isolation and high ability to proliferate and differentiate to chondrocytes
as compared to mesenchymal stem cells from bone marrow and adipose
tissue. J Cell Biochem 2011;112:1206-18.

Roeder E, Henrionnet C, Goebel JC, Gambier N, Beuf O, Grenier D,
et al. Dose-response of superparamagnetic iron oxide labeling on
mesenchymal stem cells chondrogenic differentiation: A multi-scale
in vitro study. PLoS One 2014;9:¢98451.

Ying B, Maimaiti AK, Song D, Zhu S. Myrtol ameliorates cartilage
lesions in an osteoarthritis rat model. Int J Clin Exp Pathol
2015;8:1435-42.

Piskin A, Gulbahar MY, Tomak Y, Gulman B, Hokelek M, Kerimoglu S,
et al. Osteoarthritis models after anterior cruciate ligament resection and
medial meniscectomy in rats. A histological and immunohistochemical
study. Saudi Med J 2007;28:1796-802.

Wei FY, Lee JK, Wei L, Qu F, Zhang JZ. Correlation of insulin-like
growth factor 1 and osteoarthritic cartilage degradation: A spontaneous
osteoarthritis in guinea-pig. Eur Rev Med Pharmacol Sci
2017;21:4493-500.

Zhou Y, Liu SQ, Yu L, He B, Wu SH, Zhao Q, et al. Berberine
prevents nitric oxide-induced rat chondrocyte apoptosis and cartilage
degeneration in a rat osteoarthritis model via AMPK and p38 MAPK
signaling. Apoptosis 2015;20:1187-99.

Kim WK, Chung HJ, Pyee Y, Choi TJ, Park HJ, Hong JY, et al.
Effects of intra-articular SHINBARO treatment on monosodium
iodoacetate-induced osteoarthritis in rats. Chin Med 2016;11:17.

Jacer S, Shafaei H, Soleimani Rad J. An investigation on the regenerative
effects of intra articular injection of co-cultured adipose derived stem
cells with Chondron for treatment of induced osteoarthritis. Adv Pharm
Bull 2018;8:297-306.

Niu HJ, Wang Q, Wang YX, Li DY, Fan YB, Chen WF. Ultrasonic
reflection coefficient and surface roughness index of OA articular
cartilage: Relation to pathological assessment. BMC Musculoskelet
Disord 2012;13:34.

Wang X, Tang D, Shen P, Xu H, Qiu H, Wu T, et al. Analysis of DNA
methylation in chondrocytes in rats with knee osteoarthritis. BMC
Musculoskelet Disord 2017;18:377.

Jiang L, Li L, Geng C, Gong D, Jiang L, Ishikawa N, et al. Monosodium
iodoacetate induces apoptosis via the mitochondrial pathway involving
ROS production and caspase activation in rat chondrocytes in vitro.
J Orthop Res 2013;31:364-9.

Falah M, Najafi M, Houshmand M, Farhadi M. Expression levels of the

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

BAKI and BCL2 genes highlight the role of apoptosis in age-related
hearing impairment. Clin Interv Aging 2016;11:1003-8.

Musumeci G, Castrogiovanni P, Trovato FM, Weinberg AM,
Al-Wasiyah MK, Alqahtani MH, et al. Biomarkers of chondrocyte
apoptosisand autophagy in osteoarthritis. IntJ Mol Sci2015;16:20560-75.
Liang S, Sun K, Wang Y, Dong S, Wang C, Liu L, ef al. Role of
Cyt-C/caspases-9,3, Bax/Bcl-2 and the FAS death receptor pathway
in apoptosis induced by zinc oxide nanoparticles in human aortic
endothelial cells and the protective effect by alpha-lipoic acid. Chem
Biol Interact 2016;258:40-51.

Shao X, Chen Q, Dou X, Chen L, Wu J, Zhang W, et al. Lower range of
molecular weight of xanthan gum inhibits cartilage matrix destruction
via intrinsic bax-mitochondria cytochrome c-caspase pathway.
Carbohydr Polym 2018;198:354-63.

Hofmann S, Knecht S, Langer R, Kaplan DL, Vunjak-Novakovic G,
Merkle HP, et al. Cartilage-like tissue engineering using silk scaffolds
and mesenchymal stem cells. Tissue Eng 2006;12:2729-38.

Xia T, Yu F, Zhang K, Wu Z, Shi D, Teng H, et al. The effectiveness
of allogeneic mesenchymal stem cells therapy for knee osteoarthritis in
pigs. Ann Transl Med 2018;6:404.

Miki S, Takao M, Miyamoto W. Intra-articular injection of
synovium-derived mesenchymal stem cells with hyaluronic acid can
repair articular cartilage defects in a canine model. Stem Cell Res
Ther 2015;5:1-6. doi:10.4172/2157-7633.1000314. Available from:
https://www.omicsonline.org/open-access/intraarticular-injection-
of-synoviumderived-mesenchymal-stem-cells-withhyaluronic-
acid-can-repair-articular-cartilage-defects-in-a-canine-model-
2157-7633-10003 14.php?aid=63036. [Last retrieved on 2019 Mar 24].
Zhu'Y, Wu X, Liang Y, Gu H, Song K, Zou X, ef al. Repair of cartilage
defects in osteoarthritis rats with induced pluripotent stem cell derived
chondrocytes. BMC Biotechnol 2016;16:78.

Wang F, Yasuhara T, Shingo T, Kameda M, Tajiri N, Yuan WJ,
et al. Intravenous administration of mesenchymal stem cells exerts
therapeutic effects on parkinsonian model of rats: Focusing on
neuroprotective effects of stromal cell-derived factor-lalpha. BMC
Neurosci 2010;11:52.

Gu'Y, Shi S. Transplantation of gingiva-derived mesenchymal stem cells
ameliorates collagen-induced arthritis. Arthritis Res Ther 2016;18:262.
Li F, Niyibizi C. Engraftability of murine bone marrow-derived
multipotent mesenchymal stem cell subpopulations in the tissues of
developing mice following systemic transplantation. Cells Tissues
Organs 2016;201:14-25.

Augello A, Tasso R, Negrini SM, Cancedda R, Pennesi G. Cell therapy
using allogeneic bone marrow mesenchymal stem cells prevents tissue
damage in collagen-induced arthritis. Arthritis Rheum 2007;56:1175-86.
Djouad F, Bouffi C, Ghannam S, Noé€l D, Jorgensen C. Mesenchymal
stem cells: Innovative therapeutic tools for rheumatic diseases. Nat Rev
Rheumatol 2009;5:392-9.

Hussien NI, Ebrahim N, Mohammed OM, Sabry D. Combination
of Obestatin and Bone Marrow Mesenchymal Stem Cells Prevents
Aggravation of Endocrine Pancreatic Damage in Type II Diabetic Rats.
Int J Stem Cells 2017;10:129-43.

Sayed WM, Rashed LA. Therapeutic role of bone marrow-derived
mesenchymal stem cells in cyclophosphamide-induced cardiotoxicity in
adult male albino rat: A morphological and immunohistochemical study.
TheEgyptianJournalofHistology2016;39:281-93.Availablefrom:https://
www.ingentaconnect.com/content/wk/tejoh/2016/00000039/00000003/
art00006. [Last accessed on 2019 Apr 23].

Zhou J, Sun JJ, Yang HL, Cen JN. Transplantation of bone marrow
mesenchymal stem cells inhibits apoptosis in injured rat spinal cord. Int
J Clin Exp Med 2016;9:5107-16.

Journal of Microscopy and Ultrastructure | Volume 9 | Issue 1 | January-March 2021 -




