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Abstract: Background and Objectives: Methotrexate (MTX) is an anti-folate drug that is widely used in the
treatment of rheumatic disorders and malignant tumors. The efficacy of MTX is often limited by its severe side
effects and toxic sequelae. Bone marrow derived mesenchymal stem cells (BM-MSCs) are a novel source for cell-
based therapy and regenerative medicine. Aim of the work: to investigate the possible therapeutic effect of BM-
MSCs therapy on MTX induced damage in brain and liver of female albino rats. Materials and Methods: Ten
Wister male albino rats of average 100 gm were served as donors for stem cells obtained from their bone marrow for
isolation of BM-MSCs. Forty Wister female adult albino rats of 200-250 gm were randomly and equally divided
into four groups (10 animals each). Group I (Control group): Female rats were injected with phosphate buffer saline
(PBS) and used to collect control brain & liver samples. Group II (MTX group): Female rats were injected
intraperitoneally with MTX (0.5 mg /kg twice a week) for four weeks. Group III (MSCs group): Female rats were
injected intraperitoneally with MTX as in group II for four weeks then received single intraperitoneal injection of
2x10° BM-MSCs suspended in PBS per rat and scarified after another four weeks. Group IV (Recovery
group): Female rats were injected intraperitoneally with MTX as in group II for four weeks then allowed to survive
for another successive four weeks without treatment then sacrificed. Results: Histological examination of the brain
sections of MTX treated groups (groups II & IV) revealed shrunken deeply stained pyramidal cells of the frontal
cortex with significant increase in the number of GFAP positive immuno-reactive astrocytes and caspase-3 immuno-
reactive pyramidal cells in the frontal cortex as compared to that of the control group. Liver sections of MTX treated
groups (groups II & IV) showed distorted hepatic architecture as most of the hepatocytes revealed vacuolated
cytoplasm. Mallory trichrome stained sections of these groups showed significant increase of collagen fibers
deposition comparable to that of the control group. Nevertheless, transplantation of BM-MSCs in group III led to
marked improvement of the frontal cortex. Moreover, few GFAP positive immuno-reactive astrocytes and caspase-3
positive immuno-reactive pyramidal cells were detected in the frontal cortex of rats in the same group. Remarkable
improvement was recorded in the liver sections of the same group as the normal hepatic architecture was restored. In
addition few collagen fibers were observed in Mallory trichrome stained sections. Conclusion: BM-MSCs
administration in MTX treated rats has enormous outcome in both brain and liver.
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1. Introduction: normal cells toward apoptosis [3]. Methotrexate drug-
Methotrexate (MTX) is a folate antagonist which induced oxidative stress is implicated as a mechanism
competitively inhibits dihydrofolate reductase enzyme of toxicity in different tissues and organ systems;
so it interferes with the nucleic acid synthesis. including nervous systems, liver, kidney, and
Methotrexate is used in the treatment of different types cardiovascular [4].
of cancer, autoimmune disorders, psoriasis, and Neuroimaging  studies of  patients on
medical termination of pregnancy [1]. It is also used in chemotherapy treatment showed disturbances in both
the treatment of sarcoidosis, vasculitis, inflammatory grey and white matter volumes with alterations in
bowel diseases, and severe refractory asthma [2]. certain memory-associated areas of the brain [5]. A
It was found that MTX declines the antioxidant considerable number of cancer survivors who were
defense of the cell leading cells to become sensitized treated with chemotherapy revealed impairments in
toward reactive oxygen species (ROS). Reactive cognition with respect to verbal and visually related
oxygen species play an extensive role in promoting memory tasks after chemotherapy course completion
cell toward apoptosis. Moreover, MTX which is used [6]. Although cancer patients usually complain of
in chemotherapy regimen does not distinguish normal cognitive impairments prior to chemotherapy
cells from malignant cells and hence promotes even treatment [7], there is a significant clue to suggest that
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chemotherapy treatment may induce cognitive deficits.
Specifically, such cognitive impairments can also
detect in cancer-free rats that were treated with drugs
such as MTX, cyclophosphamide, and 5-fluorouracil
[8,9].

With the widespread use of MTX, hepatotoxicity
is considered one of the most important and crucial
side effects. It has been reported that liver toxicity
may occur as well in particular high doses or even
following chronic administration of MTX [10].

Mesenchymal stem cells are a novel source for
cell-based therapy and regenerative medicine. MSCs
transplantation has been widely tested in different
clinical trials of cardiovascular, immunological, and
neurological diseases with satisfying outcomes. The
regenerative potential of MSCs is attributed to their
basic characteristics as stem cells and their therapeutic
potential as drugs. Moreover, MSCs have the ability of
self-renewal and differentiation into multiple cells
types. They also have migration potential which is
important in regenerative medicine due to numerous
injection routes according to the damaged tissue or
organ [11,12].

Therefore, the present study was conducted to
investigate the possible damage produced by MTX on
the brain and liver of female albino rats and to
evaluate the ameliorative effects of BM-MSCs in
alleviating this MTX induced damage.

2. Materials and methods:
Animals:

The experiments were performed on ten male
Wistar albino rats of average 100 gm and forty female
Wister adult albino rats weighting 200-250 gm. The
protocol was approved by the Institutional Animal
Ethics Committee for Faculty of Medicine, Ain Shams
University, Cairo, Egypt. The rats were maintained
under standard laboratory conditions with natural
light-dark cycle. They were allowed standard pellet
diet and tap water ad libitum.

Experimental grouping:

Ten Wistar male albino rats were served as
donors for stem cells obtained from their bone marrow
for isolation of BM-MSCs. Forty Wistar female adult
albino rats were randomly and equally divided into
four groups (10 animals each).

Group I (Control group): Female rats were
injected intraperitoneally with 0.5 ml PBS and used to
collect control brain and liver samples.

Group II (MTX group): Female rats were
injected intraperitoneally with MTX (0.5 mg /kg twice
a week) for four weeks according to Yozai et al. [13].

Group III (MSCs group): Female rats were
injected intraperitoneally with MTX as in group II for
four weeks and then received single intraperitoneal
injection of BM-MSCs (2x10° cells suspended in 0.5
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ml PBS) according to Maron et al. [14] and scarified
after another four weeks.

Group IV (Recovery group): Female rats were
injected intraperitoneally with MTX as in group II for
four weeks then allowed to survive for another
successive four weeks without any treatment then
sacrificed.

At the end of the experimental period, animals
were sacrificed using ether anesthesia. Brain and liver
specimens were collected and processed for
histological study.

Culture and characterization of BM-MSCs:

Bone marrow was harvested by flushing the
tibiaec and femurs of 6 weeks old male Wistar albino
rats with Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum
(purchased from Lonza Company, Switzerland). Bone
marrow cells were resuspended in complete culture
medium  supplemented with 1%  penicillin—
streptomycin  (purchased from Lonza Company,
Switzerland). Cells were incubated at 37°C in 5%
humidified CO2 and were examined daily with an
inverted microscope (Axiovert 100; Carl-Zeiss, Jena,
Germany) to follow-up the growth of the cells and to
detect any infection. Upon formation of large colonies
(80-90% confluence); usually after 10-12 days;
cultures were washed twice with PBS and the cells
were trypsinized with 0.25% trypsin in ImM EDTA
for 5 min at 37°C. The cell suspension was centrifuged
and the cell pellet was mixed with 0.1 ml of trypan
blue. Cell suspension was dispensed on top of a
hemocytometer slide. The number of viable and non-
viable cells was counted then viable cells were
subcultured at 4 x10° cells/em®* and wused for
experiments after the third passage. Mesenchymal
stem cells in culture were characterized by their
adhesiveness and fusiform shape. Streptavidin-biotin
immunoperoxidase technique was used to detecte
CD29 and CD44 (purchased from Labvision, New
York, USA) as a marker of MSCs [15].

Histological and immunohistochemical
examination:

Immediately after decapitation, female rats were
dissected then brain and liver; from different groups;
were quickly removed and fixed in 10% neutral
buffered formalin. After fixation, specimens were
dehydrated, cleared, and embedded in paraffin. Serial
sections of 5 pm thicknesses were cut and mounted on
clean slides. Brain sections were stained by
haematoxylin and eosin (H & E) and
immunohistochemical staining for both GFAP (to
detect astrocytes) and caspase3 (to detect apoptosis).
Both antibodies were purchased from Labvision, New
York, USA. Liver sections were stained by H & E and
Mallory trichrome stain [16].
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PCR detection of male-derived BM-MSCs:

Genomic DNA was prepared from liver tissue
homogenate of the rats in each group using
QIAamp® DNA Mini and Blood Mini KIT, Germany.
The presence or absence of the sex determination
region on the Y chromosome male (sry) gene in
recipient female rats was assessed by PCR. Primer
sequences for sry  gene (forward 5'-
CATCGAAGGGTTAAAGTGCCA-3', reverseS'-
ATAGTGTGTAG-GTTGTTGTCC-3") were obtained
from published sequences and amplified a product of
104 bp was purchased from (Sigma-USA). The PCR
conditions were as follows: incubation at 94°C for 4
min; 35 cycles of incubation at 94°C for 50 s, 60°C for
30 s, and 72°C for 1 min; with a final incubation at
72°C for 10 min. Separation of PCR products was
done using 2% agarose gel electrophoresis and stained
with ethidium bromide. Positive (male Wistar albino
rat genomic DNA) and negative (female Wistar albino
rat genomic DNA) controls were included in each
assay. Y chromosomes marker was detected as
transilluminated line [17].
Morphometric measurements:

In the brain sections, the following parameters
were measured:

1. The area percentage of immuno-reactive star-
shaped astrocytes stained by GFAP in the frontal
cortex.

2. The number of pyramidal cells with positive
brownish caspase-3 immuno-reaction in the frontal
cortex.

In the liver sections, the area percentage of
collagen content using Mallory trichrome stained
sections was measured.

All the measurements were taken at high-power
fields (HPFs) of magnification (x400).

From each group five different high power
fields/section for both brain and liver were chosen to
measure the mentioned parameters. An image analyzer
Leica Q win V.3 program installed on a computer in
the Histology & Cell Biology Department, Faculty of
Medicine, Ain Shams University was used. The
computer was connected to a Leica DM2500
microscope with built-in camera (Leica Microsystems
GmbH, Ernst-Leitz-StraBe, Wetzlar, Germany).
Statistical Analysis:

All the collected data were revised and subjected
to statistical analysis using one-way analysis of
variance performed with SPSS.21 program (IBM Inc.,
Chicago, Illinois, USA) analysis for variance
(ANOVA)-one way analysis and post-Hoc least
significant difference (LSD). The differences were
considered significant when p value was less than
0.05, and p value greater than 0.05 was considered non
significant. Summary of the data was expressed as
mean + standard deviation (SD).

3. Results:

Table 1. Mean+SD of area % of positive GFAP immune-reaction, number of caspase-3 +ve immuno-reactive
cells/HPFs, and area % of collagen fibers in different groups.

Group I Group II Group III Group IV
Mean £SD of area% of positive GFAP 08940 08 4.5+0.71 1.1+0.14 4.7+1.25
immune reaction ) ' (*A) (mO) (*A)
Mean £SD of number of caspase-3+ve 7141.16 46.8+3.86 9.8+ 1.83 47.1+2.78
immunoreactive cells o (*A) (mO) (*A)
73.2+3.36 20.4+3.3 74.4£2.7
Mean £SD of area% of collagen fibers 13.2+£2.5 (*A) (mO) (*A)

*Significant difference from group I. m Significant difference from group II.
A Significant difference from group III. O Significant difference from group IV.

Primary culture of bone marrow-derived
mesenchymal stem cells results:

On day 10, examination of primary culture of
BM-MSCs using an inverted light microscope showed
the attached cells appeared forming colonies with
granular cytoplasm and interdigitating cytoplasmic
processes (Fig. 1A). Characterization of the cultured
cells on day 10 using CD29 and CD44 revealed
positive brownish reaction in some of the attached
cells (Fig. 1B,1C) respectively.

Histological and morphometric results of the brain:

Haematoxylin and eosin stained sections of the
frontal cortex of rats of group I (control group)
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showed the layers of the cerebral cortex; the outer
molecular layer, the external granular layer, external
pyramidal layer, the inner granular layer, the inner
pyramidal, and the polymorphic layer (Fig. 1D). The
pyramidal cells of the external pyramidal layer
presented open face nuclei and basophilic cytoplasm.
The smaller neuroglia with small dark nuclei cells
were scattered in between the neuronal cells (Fig. 2A).
Frontal cortex sections of rats of group II (MTX
group) revealed shrunken pyramidal cells with deeply
acidophilic cytoplasm and intensely stained nuclei
(Fig. 2B). In the frontal cortex sections of the rats in
co-treated MTX with BM-MSCs group (group III),
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marked improvement was recorded as nearly all of the
pyramidal cells exhibited open face nuclei (Fig. 2C).
Brain sections of rats in group IV (recovery group)
showed marked neuronal damage in the frontal cortex
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“ Fig.1D

as the pyramidal cells appear shrunken with deeply
acidophilic cytoplasm and intensely stained nuclei
with peri-neuronal halos. The interstitium appeared
appears highly vacuolated (Fig. 2D).

Figure 1: (A) Primary culture of BM-MSCs on day ten showing attached cells forming colonles w1th granular
cytoplasm and interdigitating processes (1) (Inverted microscope X 200). (B) Tertiary culture of BM-MSCs on day
ten showing some of the attached cells reveal positive brownish immune-reaction for CD-29 (1) (Inverted
microscope, Streptavidin-biotin peroxidase X200). (C) Tertiary culture of BM-MSCs on day ten showing some of
the attached cells exhibit positive brownish immune-reaction for CD-44 (1) (Inverted microscope, Streptavidin-
biotin peroxidase X200). (D) Section of the frontal cortex showing the upper five layers of the frontal cortex: the
outer molecular layer I, external granular layer II, external pyramidal layer III, inner granular layer IV, inner
pyramidal layer V, and polymorphic layer VI (Group I H & E X100).

Immunohistochemical analysis using GFAP
antibodies in the control group I demonstrated few
cytoplasmic immuno-reactive astrocytes dispersed in
between the pyramidal cells of the frontal cortex (Fig.
3A). However, brain sections of rats of group II
showed significant increase (P<0.05) in the number of
GFAP immuno-reactive astrocytes in the frontal
cortex as compared to that of the control group I (Fig.
3B) (Table 1). Sections of the frontal cortex of rats in
group III (BM-MSCs group) displayed few GFAP
immuno-reactive astrocytes (Fig. 3C) as there was
significant decrease (P<0.05) in their number
comparable to that of group II (Table 1). Whereas,
Group IV (recovery group) exhibited significant
increase (P<0.05) in the number of astrocytes with
positive cytoplasmic immune-reaction in the frontal
cortex as compared to that of group III (Fig. 3D)
(Table 1).
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Immunohistochemicl analysis of caspase-3 in the
control group I displayed few cells with positive
nuclear immune-reaction in the frontal cortex (Fig.
4A). MTX treated rats in group II showed significant
increase (P<0.05) in the number of caspase-3 immune-
reactive pyramidal cells of the frontal cortex as
compared to that of group I (Fig. 4B) (Table 1).
Meanwhile, BM-MSCs administration in group III
revealed significant decrease (P<0.05) in the number
of caspase-3 immune-reactive pyramidal cells
comparable to that of group II (Fig. 4C) (Table 1).
The frontal cortex of rats in group IV (recovery
group) displayed significant increase (P<0.05) in the
number of caspase-3 positively stained pyramidal cells
as compared to that of group III (Fig. 4D) (Table 1).
Histological and morphometric results of the liver:

Examination of H & E stained sections of the
control liver (group I) revealed intact classical hepatic



Stem Cell 2017;8(1)

http://www.sciencepub.net/stem

lobules; hepatocytes were arranged in the form of
branching and anastomosing plates radiating from the
central veins and were separated by blood sinusoids
which were lined by flat endothelial cells. The
hepatocytes displayed acidophilic cytoplasm with
single central rounded vesicular nuclei whereas, some
of the hepatocytes appeared binucleated (Fig. SA). In
MTX treated rats (group II); histopathalogical
changes were detected in the form of distorted hepatic
architecture as most of the hepatocytes revealed
vacuolated cytoplasm together with areas of
mononuclear  cellular infiltration  (Fig.  SB).
Administration of BM-MSCs in group III revealed
remarkable improvement as the normal hepatic
architecture was restored and the hepatocytes appeared
nearly similar to that of the control rats (Fig. 5C).
Nevertheless, sections of the recovery group (group
IV) still displayed marked affection of the liver tissue
as there was loss of the usual hepatic architecture. The
hepatocytes presented with highly vacuolated
cytoplasm and deeply stained nuclei. Blood sinusoids
appeared dilated (Fig. SD).

In Mallory trichrome stained sections, the liver
parenchyma of the control group (group I) appeared

to be supported with a stroma of very delicate
meshwork of collagen fibers. Few collagen fibers
appeared surrounding the central veins, in portal area,
and in capsule (Fig. 6A). However, MTX treatment in
group II resulted in significant increase (P<0.05) in
the area percentage of collagen fibers as compared to
that of the control group I (Fig. 6B) (Table 1). In
liver sections of co-treated MTX with BM-MSCs
group (group III), there was significant decrease
(P<0.05) in the area percentage of collagen fibers
comparable to that of group II (Fig. 6C) (Table 1).
Whereas, liver sections of group IV exhibited
significant increase (P<0.05) in the area percentage of
collagen fibers as compared to that of group III (Fig.

6D) (Tablel).
PCR detection of male-derived BM-MSCs in liver
sections:

The SRY gene which was used as Y

chromosome marker was detected in male rats from
which BM-MSCs were isolated. It was also expressed
in female rats which were received male derived BM-
MSCs in MSCs group (group III). However, Y
chromosome marker was not detected in the control
group, MTX group, and recovery group (Fig. 7).
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Figure 2: (A) Section of the frontal cortex showing the pyramidal neurons with their open face nuclei (1). Neuroglia
appears in between the pyramidal neurons with their smaller dark nuclei (curved arrow) (Group I). (B) Section of the
frontal cortex showing most of the pyramidal cells appears shrunken with intensely acidophilic cytoplasm and
deeply stained nuclei (1) (Group II). (C) Section of the frontal cortex showing nearly all of the pyramidal cells
appear with open face nuclei (1) (Group III). (D) Section of frontal cortex showing most of the pyramidal neurons
appears shrunken and revealed deeply acidophilic cytoplasm and darkly stained nuclei with peri-neuronal halos (1).
Notice the vacuolated interstitium (A ) (Group IV). (H & E X 640)
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Figure 3: (A) Section of the frontal cortex showing few scattered GFAP positive astrocytes (1) (Group I). (B) Section of the
frontal cortex showing numerous GFAP immune-reactive astrocytes (1) with long cytoplasmic processes (Group II). (C) Section
of the frontal cortex showing only few dispersed astrocytes appear with GFAP immune-reaction (1) (Group III). (D) Section of
the frontal cortex showing many astrocytes with positive immune-reaction for GFAP (1) (Group IV). (Avidin biotin peroxidase

for GFAP X 640)
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Figure 4: (A) Section of the frontal cortex showing caspase-3 immune-reaction in the nuclei of few pyramidal cells (1) (Group I).
(B) Section of the frontal cortex showing positive brownish caspase-3 immune-reaction in many pyramidal cells (1) (Group II).
(C) Section of the frontal cortex showing only few scattered pyramidal cells appear with positive caspase-3 immune-reaction (1)
(Group IITI) (D) Section of the frontal cortex showing most of the pyramidal cells exhibit positive caspase-3 immune-reaction (1)

(Group IV). (Avidin biotin peroxidase for caspase-3 X 640)

105



Stem Cell 2017;8(1) http://www.sciencepub.net/stem

’ o By il W

| : SO ENSRRT O i 00 g L P

Figure 5: (A) Section of the liver showing plates of hepatocytes radiating from the central vein (C.V) and separated by blood
sinusoids (S). The hepatocytes have central, rounded, vesicular nuclei with acidophilic cytoplasm (1) and some of them appear
binucleated (A) (Group I). (B) Section of the liver showing distorted hepatic architecture as most of the hepatocytes reveal
vacuolated cytoplasm (7). Mononuclear cellular infiltration (A) could be obviously seen. Notice the central vein (C.V) (Group
II). (C) Section of the liver showing restoration of the normal hepatic architecture as the plates of hepatocytes appear radiating
from the central vein (C.V). The hepatocytes appear with vesicular nuclei and acidophilic cytoplasm (1) and separated by blood
sinusoids (S) (Group II). (D) Section of the liver showing distorted hepatic architecture as the hepatocytes exhibit highly
vacuolated cytoplasm and darkly stained nuclei (1). Blood sinusoids appeared dilated (S). Notice the central vein (C.V) (Group
IV). (H & E X 640)
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Figure 6: (A) Section of the liver showing few collagen fibers (1) appear surrounding the portal area (P) (Group I). (B) Section
of the liver showing extensive deposition of collagen fibers (1) appear around the portal area (P) (Group II). (C) Section of the
liver showing few collagen fibers (1) could be seen round the portal area (P) (Group III). (D) Section of the liver showing
massive collagen fiber (1) deposition around the portal area (P) (Group IV). (Mallery trichrome X640)
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Figure 7: Showing presence of Y chromosome in
male rats from which BM-MSCs were isolated (lane
1) and female rats treated with BM-MSCs in group III
(lane 5). Y chromosome marker is not expressed in
female rats of the control group I (lane 3), group II
(lane 4) and group IV (lane 6). M: PCR marker (U.V.
trans-illumination).

4. Discussion:

Methotrexate is a drug of choice and most widely
used for the treatment of various types of cancers and
autoimmune diseases [1]. Its clinical use is limited due
to its several side effects as neurotoxicity,
hepatotoxicity, nephrotoxicity, and gastrointestinal
toxicity [18, 19, 20, 21].

The current study revealed several histological
changes in the frontal cortex and liver in both groups
which were treated with MTX; group II and group IV.
The mechanism of MTX toxicity can be explained by
its ability to competitively inhibit dihydrofolate
reductase enzyme hence it interferes with the nucleic
acid synthesis and cell proliferation, which results in
cell apoptosis [22]. Methotrexate-induced apoptosis is
considered to be mediated by the up-regulation of p53
and p2l proteins and expression of the CD95
receptor/ligand system [23]. The oxidative stress is
another well-known mechanism that plays a vital role
in MTX toxicity [10] which consequently results in
shape and structural changes of the nucleus by causing
DNA fragmentation and denaturation hence the
initiation of apoptosis [22].

It has previously been assumed that systemic
chemotherapy could not cross the blood brain barrier
and so would have few side effects on the brain.
Currently, it has been delineated that many
chemotherapy agents; including MTX; can access the
brain in significant concentrations, when administered
in high doses [24]. Additionally, systemic
chemotherapy can elicit extensive cognitive
malfunction; often referred to as "chemobrain"; a
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condition that can persist for a long time after
treatment [25].

The present study was conducted on the frontal
cortex which is critically implicated in several aspects
of learning and memory. The frontal cortex is also
involved in working memory and concerned in the
temporal ordering of spatial and non-spatial events as
well as to the organization and planning of responses
[26]. In MTX treated groups; group II and group IV,
considerable histological changes were detected in the
frontal cortex as the pyramidal cells appeared
shrunken with deeply acidophilic cytoplasm and
intensely stained pyknotic nuclei. These findings
suggested MTX induced neuro-degenerative changes
and was confirmed by a significant increase in the
number of caspase-3 immune-reactive cells as
compared to that of the control group. In agreement,
anticancer drugs were recorded to adversely affect the
self-renewal potential of the neural progenitor cells
and also chromatin remodeling [27]. Additionally,
Yang et al. [28] detected that MTX treated mice
exhibited a significant depression-like behaviors and
memory defects together with an increase in active
caspase-3 expression in the hippocampus. Bhojwani
et al. [29] added that, the mechanism of chemotherapy
induced neurotoxicity is likely attributable to either
disruption of CNS folate homeostasis and/or direct
neuronal damage.

Astrocytes are cellular residents of CNS involved
in preserving the neuronal function and homeostasis
and, like microglia, respond to many CNS insults [30].
In the current study, the frontal cortex of MTX treated
rats displayed a significant increase in the area
percentage of astrocytes immuno-reaction expression
and these findings were similar to [31,32,30].

Concerning MTX induced hepatotoxicity; several
histological changes were detected in both groups II &
IV (MTX-treated groups) as there was distorted
hepatic architecture, vacuolated hepatocytes, and
inflammatory cells infiltration. Similar results were
also reported by [33, 10, 34]. Barker et al. [35] added
that, prolonged use of MTX leads to retention of
polyglutamate forms of the drug in the hepatocytes
with subsequent intracellular storage of MTX resulting
in slowing of the drug clearance and providing a depot
that extends the duration of the drug exposure.

Regarding the area percentage of collagen fibers
in MTX treated groups (group II and group IV); the
current study reported a statistically significant
increase in this parameter comparable to that of the
control group. Similar results were also observed by
Tousson et al. [36]. Such hepatic fibrosis seemed to
be attributable to direct toxic effect of MTX as it
induces proliferation of the hepatic fibrous connective
tissue stroma [37]. Also, Hytiroglou et al [38]



Stem Cell 2017;8(1)

http://www.sciencepub.net/stem

reported that MTX is well known to cause liver
fibrosis in some patients, which might progress to
cirrhosis.

Examination of the frontal cortex of co-treated
MTX with BM-MSCs group (group III) showed nearly
all of the pyramidal cells appear healthy with open
face nuclei together with a significant decrease in the
area percentage of astrocytes immune-reaction
expression in comparison to that of MTX treated
groups (groups II & IV). Additionally, a significant
decrease in the number of caspase-3 immune-reactive
cells was detected in this group comparable to that of
both groups II & IV. Similarly, Zickril et al. [39]
demonstrated that human cord blood MSCs therapy
revealed ameliorating effects on Adriamycin induced
chemobrain in an experimental rat model. Moreover,
Donega ef al. [40] also noticed decline in the amount
of GFAP +ve expressing cells after 15 days of MSCs
treatment in ischemic brain injury in mice, which
suggests the ability of MSCs to diminish gliosis.
Accordingly, intrathecal administration of MSCs by
lumber puncture might be useful for treatment of brain
injuries, such as stroke, or neurodegenerative disorders
[41]. Another study demonstrates that stem cells
isolated from the adipose tissue and umbilical cord
release trophic/neuroregulatory factors that improve
the metabolic viability and neuronal cell densities in
primary cultures of hippocampal neurons [42].
Furthermore, Da Silva et al [43] delineated that
MSCs have been shown to selectively migrate to and
settle in injured tissue and this “homing” capacity can
explain the ability of stem cells to reach delicate sites,
such the brain or the heart. Many mechanisms have
been put forth to explain MSCs' homing behaviour.
For instance, MSCs’ migration is influenced by
several chemokines and growth factors [44]. Another
mechanism is the adhesion of MSCs to the injured
tissue endothelium due to vascular cell adhesion
molecule (VCAM) expression in a manner similar to
the homing mechanism of leukocytes [45].

Moreover, the ability of neurotherapeutic drugs
to cross the blood brain barrier (BBB) is crucial for
their proper potency [46]. Recent researches have
indicated that MSCs might already possess the ability
to cross the BBB [47]. Steingen et al. [48] identified
the mechanisms through which this occurs. They
suggested that, after coming into the contact with
endothelium, MSCs leave the blood stream and
integrate into the endothelium via the adhesion
molecules VCAM-1/VLA-4 and Bl integrin. After
crossing the endothelial barrier, MSCs invade the host
tissue by the use of plasmic podia. Furthermore,
Matsushita et al. [49] reported that, despite the
presence of tight junctions in the BBB, MSCs; similar
to lymphocytes; seem to influence tight junction
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barrier  properties to their transient
abolishment.

In addition, evidence suggests that MSCs protect
and repair the damaged CNS via multiple
mechanisms. For example, MSCs implanted into
mouse hippocampus were found to enhance the
proliferation, migration, and differentiation of native
neural stem cells (NSCs) through chemokines that
released by MSCs themselves or indirectly through
activating the surrounding astrocytes [43]. Another
mechanism is the neural differentiation potential of
MSCs into neuron-like and glial-likes cells [50].
MSCs also show immunomodulatory capacities by
interacting with a wide range of immune cells;
probably through a cell-to-cell contact mechanism;
therefore they are able to suppress the proliferative
response of the lymphocytes [S1]. Donega ef al. [40]
hypothesized that MSCs stimulate microglia
polarization towards M, phenotype; which promote
tissue repair and anti-inflammation.

Furthermore, MSCs act as an implanted
biopharmacy as they synthesize and release a broad
range of bioactive molecules [52] such as anti-
inflammatory cytokines, trophic and growth factors,
interleukin IL-6, IL-7, IL-8, IL-11, IL-15, macrophage
colony-stimulating factor, and stem-cell factor [53],
which consecutively activate endogenous restorative
mechanisms within the injured tissues.

Examination of liver sections of co-treated MTX
with MSCs group showed restoration of the normal
hepatic architecture together significant reduction in
the area percentage of collagen fibers in the liver
sections of this group comparing to this of both groups
IT & IV. Similarly, Prockop et al. [54] detected that
MSCs can repair hepatic tissues through
differentiation into the phenotype of the damaged cells
and secretion of cytokines and growth factors which
enhance the repair of hepatic cells and regulate the
local immune system, apoptosis, fibrosis, and
angiogenesis. Furthermore, it has been demonstrated
that bone marrow MSCs conditioned medium has
antiapoptotic and pro-mitotic effects on cultured
hepatocytes [55]. Berardis et al. [S55] added that,
systemic infusion of MSCs conditioned medium could
inhibit hepatocyte cell death and enhance liver
regeneration in vivo, in a rat model of acute liver
injury. Additionally, Jin ef al. [56] reported that MSCs
transplantation could regenerate the reduction in
hepatic protective genes. It was also determined that in
ischemic/perfusion damage to liver, MSCs
transplantation could induce suppression of oxidative
stress and apoptosis in rats. Moreover, MSCs have
been shown to be effective in reducing the fibrotic
area in lung and heart with good outcomes [57, 58].
This effect was attributable to their secretory profile as

leading
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they are known to secrete several anti-fibrotic
molecules such as hepatocyte growth factor [S55].

Conclusion and recommendations

Our previous results revealed deleterious effects
of MTX on the structure of both the brain and liver.
Nevertheless, it was assumed that BM-MSCs
transplantation in MTX treated rats has enormous
outcomes in the brain and liver.

Further researches are still required for better
understanding the mode of action of BM-MSCs and
their trophic effects on the injured tissue. Moreover,
investigations are also needed concerning the timing
of cells' administration and the threshold number of
transplanted cells in order to be able to employ them
efficiently in the clinical applications.
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