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Hepatic fibrosis is a progressive disease with serious clinical complications that arise from abnormal propagation and activation
of multiple inflammatory pathways. Nilotinib is an oral tyrosine kinase inhibitor with antifibrotic activity. Mesenchymal stem
cells (MSCs) are blank cells and can differentiate into specific cell types. They have the potential to repair and regenerate cells.
MSCs have a special paracrine fashion where they produce special exosomes, microvesicles, and cytokines like IL-6,
transforming growth factor-beta (TGF-β), and HGF as well as hepatic stellate cell suppressors. This paracrine fashion can
decrease collagen deposition, enhance antifibrotic, anti-inflammatory, and angiogenic activity in vitro and in vivo. In our
study, the rat’s hepatic stellate cells (HSCs) in addition to different normal cell lines were treated with Nilotinib alone and in
combination with liver mesenchymal stem cells conditioned medium (LMSCs-CM) for 24 h. Mono and combined therapy
antifibrotic and cytotoxicity effects were evaluated using different parameters including α-SMA, cytochrome c, P53 expression,
collagen deposition, DNA content, oxidative stress parameters, cell viability, and apoptosis by flow cytometry analysis. Our
results showed that Nilotinib and LMSCs-CM in combination had a significantly potent antifibrotic and anti-inflammatory
effect on activated hepatic stellate cells than Nilotinib alone; otherwise, this combination showed the best safety with minimal
cytotoxicity on different normal cell lines.
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1. Introduction

Liver fibrosis is a common pathological outcome of different
chronic liver diseases, like hepatitis B and C virus infection,
alcoholic liver disease, and nonalcoholic steatohepatitis
(NASH) that may cause cirrhosis and liver tumors. Extracel-
lular matrix proteins (ECMs), including collagen type I, are
the key event in hepatic fibrous scar formation. Mainly, myo-
fibroblast activation is responsible for this fibrous scar forma-
tion and the increased deposition of ECMs [1]. Moreover,
activated hepatic stellate cells (HSCs) and portal fibroblasts
are classified as collagen-generating cells in the damaged
liver. HSCs are activated through fibrogenic cytokines like
TGF-β1 and angiotensin II. Thus, reversal or regression of
fibrosis depends on the inhibition of fibrogenic cell accumu-
lation and preventing ECM deposition [2].

Tyrosine kinase inhibitors (TKIs) compete with adeno-
sine triphosphate (ATP) for the binding sites and then
decrease TK phosphorylation hindering tumor cell prolifera-
tion [3]. Nilotinib is a second-generation TKI that plays a
role in the regression of hepatic fibrosis; it reduces collagen
formation and enhances liver fibrogenolysis [4].

Mesenchymal stem cells (MSCs) were obtained from var-
ious tissues like bone marrow, adipose tissue, and liver. MSCs
had multipotent differentiation, immunomodulatory charac-
teristics, and self-renewal capacity, allow the replacement of
injured hepatocytes, enhance hepatocyte renewal, and sup-
press HSCs activation or stimulate their apoptosis. Thus,
MSCs are considered an appealing therapeutic method. [5].
Moreover, MSCs have a paracrine fashion where they form
distinct exosomes and microvesicles, in addition to large
amounts of antiapoptotic agents like interleukin (IL-6) and
insulin growth promoter (IGF-I) and anti-inflammatory
agents like interleukin 1 receptor antagonist (IL-1Ra) [6].
MSC conditioned medium (MSC-CM) includes special exo-
somes, growth agents, and cytokines that have an anti-
inflammatory impact, inverse hepatic fibrotic state, and
improve liver recovery [7].

Liver mesenchymal stem cells (LMSCs) create a high level
of proangiogenic, anti-inflammatory, and antiapoptotic cyto-
kines. Furthermore, LMSCs express albumin, CD26, and
CK8 giving engagement to hepatocyte-like cell transdifferen-
tiation, gaining various hepatic functions like cytochrome
P450, albumin, and urea formation [8]. Additionally,
LMSCs-conditioned medium (LMSC-CM) contains high
levels of IL-10 and tumor necrosis factor- (TNF-) α that
decrease HSCs and collagen-I deposition, as well as IFN-γ
production, to provoke antifibrotic activity [9]. Thus,
LMSC-CM is a hopeful therapeutic tool for different hepatic
diseases. In our study, we presented new intuitions regarding
the antifibrotic effect of Nilotinib alone or combined with
conditioned media in addition to cytotoxicity evaluation.

2. Materials and Methods

2.1. Laboratory Animal. Ten male (Sprague-Dawley) rats,
weighing 450 to 700 g (20-30 weeks), were used for HSCs iso-
lation (heavy and aged rats were used as it had a high content
of cells). Liver MSCs were isolated from fifteen female Wistar

rats weighing 60 g to 80 g (3-4 weeks). The animals were kept
under a light-dark cycle (12 : 12 h), 21 ± 2°C, and 50 ± 5% rel-
ative humidity with food and water ad libitum. This research
was conducted at Liver Research Institute and Hospital
(ELRIAH) (Sherbin-El Mansoura-Egypt) in the duration
between March 2018 and June 2019. Ethical rules relating
to laboratory animals’ trials and treatment were agreed upon
and followed under the ELRIAH Experimental Animals Eth-
ical Committee (No. ELRIAH/EAEC/CRL/TCU/3/02, 2018).
Rats were brought from the Medical Experimental Research
Center- (MERC-) El Mansoura-Egypt.

2.2. Isolation of MSCs and Conditioned Media Production.
Rats were exposed to overdoses of thiopental anesthesia
according to their body weight followed by cervical disloca-
tion; then, LMSCs were isolated using the method described
previously [10, 11]. After 3 passages, cells were cultivated
(10000 cells/cm2) and preserved in complete culture media
(DMEM supplemented with 10% FBS, 1% antibiotic-antimy-
cotic, 1% nonessential amino acids, and 1% L-glutamine) for
a day. The LMSCs were washed 3 times using PBS and pre-
served for a day in serum-free basal media. Then, the super-
natant was obtained for centrifugation (1500 × g for 10min)
and concentrated 50-fold using ultrafiltration units (5 kDa
cut-off) (Millipore, Bedford, MA, USA). The obtained
MSC-CM was preserved at -80°C until use.

2.3. Hepatic Stellate Cell Preparation and Activation. Rats
were exposed to overdoses of thiopental anesthesia according
to their body weight followed by bilateral thoracotomy; then,
rats’ primary HSCs were isolated using digestive enzymes
(collagenase and pronase) followed by cell suspension den-
sity gradient centrifugation. HSC cells were cultured in Dul-
becco’s modified Eagle’s medium (DMEM). HSCs kept in the
culture at 37°C, 5% CO2, and 100% humidity; cells become
active after seven days of initial culture [12].

2.4. MTT Assay (Viability Test). HSCs, LMSCs, WI-38
(human lung fibroblast), MDBK (cow normal kidney), and
CHO-K1 (normal ovary of an adult Chinese hamster) were
cultured in DMEM at 37°C and CO2 5% with FBS 10% and
penicillin 100U/mL. Evaluation of viability using the MTT
Kit [13] which assesses cell metabolic activity depends on
the reduction of MTT dye to violet formazan crystals by suc-
cinate dehydrogenase inside living cell mitochondria. The
cells were cultured in a plate (96-well) (Greiner, Frickenhau-
sen, Germany) (6000 cells/well) and then preserved at 37°C
and 5% CO2 for a day. The medium was discarded, and var-
ious concentrations (10-50μM) of Nilotinib (formerly
AMN107; Tasigna®, Novartis, Basel, Switzerland) were dis-
solved in DMSO and added in the wells. Each concentration
of Nilotinib was incubated twice, one with ordinary serum-
free media and the other with liver mesenchymal stem cell
conditioned media. After another incubation with the same
conditions, the medium was discarded, and 100μL MTT
(2mg/mL) was added and preserved 3h at 37°C. The pro-
duced purple formazan crystals were suspended in 50μL of
DMSO. Then, the plate was incubated (15min, at 37°C, 5%
CO2). Cell viability was calculated at 570nm using an
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Infinite® 200 PRO plate reader. DMSO was used as a solvent
with a concentration of less than 0.2%. The half-maximal
inhibitory concentration (IC50) and selectivity index (SI)
were calculated. All in vitro tests were performed in triplicate.

2.5. Apoptosis Flow Cytometric Analysis. HSCs were treated
with Nilotinib alone and Nilotinib +MSC-CM at the concen-
tration of IC50 for 24h. The cells were labeled with annexin
V–fluorescein isothiocyanate (AV-FITC) apoptosis kit (Mil-
tenyi Biotec GmbH) and propidium iodide (PI) (Miltenyi
Biotec GmbH). The cells were washed twice by PBS and fluo-
rescence intensity assayed by MACS Quant Flow Cytometer
and Miltenyi Biotec GmbH.

2.6. Cytotoxicity Assay Using Trypan Blue. Trypan blue selec-
tive staining of dead cells followed by the microscopic inves-
tigation is considered a common routine technique to detect
cellular viability [14]. An equal volume of HSCs suspended in
FBS mixed with Trypan blue solution 0.4% (Sigma). After
5min, an aliquot of the mixture was checked in a Neubauer
chamber at 20°C, and then, viable and nonviable cells within
four big squares in the four corners were counted through
phase-contrast microscopy [15]. Cell viability (in %) was
evaluated as follows:

Total viable cells unstainedð Þ
total cells stained and unstainedð Þ

� �
× 100: ð1Þ

2.7. Quantification of Collagen Deposition. Collagen was
quantified using a Sircol red assay kit (Biocolor, Belfast,
Northern Ireland) as follows. HSCs treated with Nilotinib
with or without liver MSC-CM at the concentration of IC50
were prepared. The medium was removed; 0.5M cold acetic
acid (1mL/well) was added to harvest the collagen extract.
200μL of the cold collagen concentration and isolation solu-
tion that contained polyethylene glycol in Tris-HCl pH7.6
was added and mixed well with the collagen extract. This
mix was incubated overnight at 4°C. Tubes were centrifuged
at 12,000 r.p.m. for 10 minutes; then, very carefully, the
supernatant was removed, and 1mL of Sircol dye reagent
was added followed by absorbance measurements.

2.8. α-SMA, P53, and Cytochrome c Western Blotting
Analyses. HSCs were treated with Nilotinib alone and in
combination with MSC-CM at the concentration of IC50,
washed with ice-cold PBS, and cells lysed in lysis buffer (Cell
Signaling, Beverly, MA) for 20min, and then centrifuged at
12,000 g (at 4°C, 10min). Whole-cell protein extract pre-
pared from treated cells. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis was used for protein
(30~50μg/lane) separation; then, proteins were transferred
to a polyvinylidene fluoride (PVDF) membrane (Millipore,
MA, USA) and determined by the primary anti-α-SMA,
P53 antibodies, and horseradish peroxidase-conjugated sec-
ondary antibodies. Moreover, cytosolic and mitochondrial
cytochrome c fractions were separated by cytochrome c
releasing apoptosis kit (Abcam, Cambridge, UK), where cells
centrifugated and washed using PBS. Cells were resuspended
in the cytosol buffer mix containing DTT with protease

inhibitor and then homogenized in an ice-cold Dounce tissue
grinder. Then, the homogenate was centrifuged (at 700 × g, at
4°C for 10min). The supernatant was centrifuged at 10,000 g
for 30min to collect the cytosolic fraction. The pellets resus-
pended in the buffer mix of mitochondrial extraction and
kept as a mitochondrial fraction. Both mitochondrial and
cytosolic fractions were analyzed using cytochrome c mono-
clonal antibody [16]. The immune complexes were visualized
with an enhanced chemiluminescence kit (Millipore, Bed-
ford, MD, USA) and (β-actin) used as an internal control.

2.9. Intracellular Reactive Oxygen Species (ROS). HSCs were
treated with Nilotinib alone and in combination with MSC-
CM at the concentration of IC50 were resuspended in PBS
for homogenization on ice followed by centrifugation to
remove cellular debris. 50μL of each sample was added to
50μL of hydrogen peroxide working solution into the micro-
plate well. The microplate well contents were mixed well and
incubated for 30 minutes at 20°C in darkness. The plate
absorbance was evaluated using a microplate reader at
550 nm.

2.10. DNA Content Measurement. HSCs cells were treated
with Nilotinib with or without liver MSC-CM for a day at
the concentration of IC50. Cells lysed in NaH2PO4/-
Na2HPO4 50mmol/L, pH7.4, NaCl 2mol/L, and EDTA
2mmol/L, and the DNA was assessed as described by
Labarca and Paigen [17], where all cell lysates were mixed
with 0.1μg/mL bisbenzimide (Hoechst 33258) in 10mM
Tris-HCl, 0.2M NaCl, and 1mM ethylenediaminetetraacetic
acid (EDTA) (pH7.5) followed by fluorescence evaluation
with excitation at 356nm and emission at 458nm.

2.11. Statistical Analysis. Descriptive statistics calculated in
the form of mean ± standard deviation (SD). The statistical
significance was determined by one-way ANOVA and
Tukey’s post hoc test, and the effect size statistics were
assessed by partial eta squared by the SPSS software (version
22). A level of P<0.05 was defined as statistically significant.

3. Results

3.1. Nilotinib and MSC-CM Cytotoxic Activity. To investigate
the cytotoxic effect of Nilotinib alone and in combination
with MSC-CM on HSCs and normal cell lines, different Nilo-
tinib concentrations (10-50μM) were used in cell treatment
for a day, and their survival rate was estimated using MTT
kit. Each concentration was incubated twice, one with ordi-
nary serum-free media and the other with liver mesenchymal
stem cell conditioned media. The results showed that Niloti-
nib alone and in combination with MSC-CM induced HSC
death depended on the dose, IC50, and SI values calculated
as shown in Table 1. Nilotinib in combination with MSC-
CM had a small IC50 value (10μM) and high SI (values: 4.5
to >5) compared with Nilotinib alone (IC50 = 25μM and SI
= 0:6 to 1:6) which indicated that the combination of Niloti-
nib + MSC-CM had high potency and selectivity to the acti-
vated HSCs with minimal cytotoxicity on the liver, lung,
ovary, and kidney cell lines.
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3.2. Nilotinib and MSC-CM Treatment Effect on HSC
Apoptosis. We evaluated the effect of Nilotinib alone and in
combination with MSC-CM on HSC apoptosis at the con-
centration of IC50 using annexin V-FITC and PI staining
(Figure 1(a)). Results reported a significant decrease in the
percentages of viable cells compared with the control group,
and both apoptotic and necrotic cell percentages were mark-
edly increased after treatment with Nilotinib alone and in
combination with MSC-CM. Treatment with Nilotinib and
MSC-CM represented a higher reduction in the percentage
of viable cells in addition to a significant increase in late apo-
ptotic cell percentages than Nilotinib alone (Figure 1(b)). Iso-
lated HSC and LMSC images are shown in Figure 1(c).

3.3. Effect of Nilotinib and MSC-CM on α-SMA, Cytochrome
c, and P53 Expression in HSCs. To evaluate the impact of
Nilotinib and MSC-CM treatment on activated HSCs, the
intracellular expression of α-SMA was examined by western
blotting. We observed a significant decrease in α-SMA
expression, an indicator of HSC activation (Figure 2(a)), after
treatment with Nilotinib with or without MSC-CM. Activa-
tion of HSCs increased collagen synthesis and deposition,
but all treatment regimens had a marked (P < 0:001) sup-
pression of collagen deposition in activated HSCs. The pro-
tein expression of p53 increased significantly in HSCs after
24 h of treatment with Nilotinib alone and in combination
withMSC-CM (Figure 2(a)). Moreover, DNA content in cells
decreased significantly (P < 0:001) in all treated groups com-
pared with the control group due to DNA damage and p53
protein elevation. The treatment of Nilotinib + MSC-CM
had a more significant reduction (P < 0:001) in the α-SMA
expression, collagen deposition, and DNA content and a
more significant increase in p53 protein expression com-
pared to Nilotinib alone. Furthermore, the protein expres-
sion of (cytosolic) cytochrome c (Figure 2(a)), but not
(mitochondrial) cytochrome c (Figure 2(b)), increased signif-
icantly after treatment with Nilotinib with or without MSC-
CM, but Nilotinib + MSC-CM treatment had a marked ele-
vation in the expression of (cytosolic) cytochrome c, but
not (mitochondrial) cytochrome c, compared with mono-
therapy and vice versa for (mitochondrial) cytochrome c.
Figure 2(c) shows the fold change of α-SMA/β-actin,
P53/β-actin, cytochrome c (cytosolic)/β-actin, and cyto-
chrome c (mitochondrial)/β-actin in HSCs.

3.4. Oxidative Stress, Collagen, and DNA Content. This study
showed a marked increase in ROS production as well as a
decrease in DNA and collagen deposition in all treated HSCs
(P < 0:001) compared to the control as shown in Table 2. The
combination treatment of Nilotinib + MSC-CM revealed a
more significant increase (P < 0:001) in ROS generation as

well as a more significant decrease in DNA content and col-
lagen deposition compared with Nilotinib alone.

3.5. Effect of Nilotinib and MSC-CM on Cell Viability. Viable
and dead cell percentages calculated using Trypan blue dye
staining. Nilotinib alone or in combination showed a marked
growth in dead cells% and marked reduction of viable cell
percentage (P < 0:001) compared to control. Moreover, Nilo-
tinib and MSC-CM combined treatment showed a more
marked increase in the percentage of dead cells and a marked
reduction in the percentage of viable cells (P < 0:001) com-
pared with Nilotinib alone (Figure 3(a)). Effect of Nilotinib
alone and combined with MSC-CM on HSCs morphology
showed in (Figure 3(b)).

4. Discussion

In the current study, we examined the antifibrotic impact and
safety measurements of Nilotinib + MSC-CM on activated
HSCs compared with Nilotinib alone. The current study is
the first study to evaluate the antifibrotic efficacy and safety
of this combination in vitro. Figure 4 shows the possible syn-
ergism between Nilotinib and MSC-CM to perform more
powerful antifibrotic action on activated rat HSCs with min-
imal cytotoxic impact.

HSCs, the main liver cells associated with the ECM pro-
teins accumulation, are incited by various cytokines like
platelet-derived growth factor (PDGF), TGF-β, TNF-α,
IGF-I, endothelin-1 (ET-1), and ROS [18]. Previous studies
demonstrated the role of HSC apoptosis during liver fibrosis
regression [19]. Consequently, selective elimination of acti-
vated HSCs by programmed cell death initiation may repre-
sent a therapeutic approach in liver fibrosis treatment.
Parallel to our results [20] reported that Nilotinib induces
apoptosis of HSCs, DNA fragmentation, and elevation of
the p53 protein expression. Our results agreed with previous
studies which approved that Nilotinib inhibits the activity of
TKs like PDGF receptors (PDGFRs) and nonreceptor TKs
like Abelson kinase (c-Abl) [21]. As a result, PDGF stimu-
lates fibroblast proliferation, and TGF-β stimulates the fibro-
genesis process, interfered by c-Abl via a non-Smad
mechanism. Moreover, Nilotinib suppresses collagen recep-
tors [22]. Therefore, Nilotinib had an antifibrotic effect via
3 pathways implicated in fibrogenesis.

Furthermore, our data agreed with [23] who reported
that Nilotinib hindered proliferation, migration, actin fila-
ment production, collagen deposition, and α-SMA composi-
tion. Moreover, Nilotinib provoked HSC apoptosis, which
associated with a reduction in Bcl-2 levels and an increase
in p53 levels. Our results were parallel to previous studies
by Shaker et al. [24] which showed that Nilotinib treatment

Table 1: IC50 and SI calculations.

Compounds Activated rat HSCs Liver MSC SI WI-38 SI MDBK SI CHO-K1 SI

DMSO — — — — — — — — —

Nilotinib 25 40 1.6 35 1.4 40 1.6 15 0.6

CM+Nilotinib 10 >50 >5 >50 >5 >50 >5 45 4.5
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resulted in the cleavage of caspases, and large DNA destruc-
tion correlated with the increase of p53 protein-induced HSC
apoptosis.

On the other hand, our results showed synergism
between Nilotinib and MSC-CM by fibrinogenesis decrease
and fibrinolysis increase, which executed more effective anti-
fibrotic activity against HSCs than Nilotinib alone (P value
<0.001). MSC-CM contains special exosomes, hepatocyte
growth factor (HGF), vascular endothelial growth factor
(VEGF), antiapoptotic factor IL-6, and anti-inflammatory
cytokines like IL-10 effective in the treatment of liver fibrosis
through inhibiting HSC activation also trigger HSC apopto-
sis and fibrinolysis. Moreover, MSCs produce matrix metal-
loproteinases which have a fibrinolytic activity and reduce

the ECM [6]. Parallel to our findings, previous results by
Yin et al. [25] showed that MSC-CM has supportive roles
in tissue repairing and recovery through attenuating inflam-
mation, enhancing proliferation, suppressing apoptosis, and
facilitating angiogenesis.

Various in vitro researches confirmed the capability of
MSCs to modify HSC activation indirectly by paracrine
methods as well as directly through cell-cell connections
[26]. Our study agreed with Chen et al. [27] who found that
bone marrow MSCs significantly suppress rat HSC prolifera-
tion and decrease α-SMA expression level and collagen depo-
sition, which promoted the recovery of damaged hepatocytes.
Moreover, a previous study by van Poll et al. [28] found that
soluble agents discharged by MSCs promote liver
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Figure 1: The effect of Nilotinib andMSC-CM treatments for 24 hr on early and late (lower and upper right quadrant, respectively) apoptosis
percentage, viable cells in the lower left and necrotic cells in the upper left quadrants (a). Percentage of viable and apoptotic cells (b). Images of
HSCs and LMSCs (c). The results showed as mean ± standard deviation, also all samples measured in triplicate. Statistically significant
differences indicated as ∗P < 0:001 versus the control group; #P < 0:001 versus the Nilotinib group.
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improvement in response to intense injury. For instance,
human MSCs-CM injection into rats with hepatic injury
improves liver function after 24 h, blocks the emission of liver

damage biomarkers, results in a 90% decline in apoptotic
hepatocellular damage, and a three-fold rise in whole prolif-
erated hepatocytes.
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Figure 2: The effect of Nilotinib and MSC-CM on α-SMA, cytochrome c, and P53 expression in HSCs. Western blotting assays were carried
out to show the expression of α-SMA and p53 protein (a) in addition to both cytosolic (a) and mitochondrial (b) cytochrome c expression in
HSCs. Western blotting was done by using an anti-β-actin antibody to assure an equal load of protein in every lane. Then, bolts were
photographed and quantitated for each sample, and the results were from 3 independent experiments. The fold changes of α-SMA,
cytochrome c, and P53 expression (c). Data are shown as mean ± standard deviation, and statistically marked differences are indicated as
∗P < 0:001 versus the corresponding control group; #P < 0:001 versus the corresponding Nilotinib group.

Table 2: Collagen expression, DNA content, and ROS in HSCs. The values were expressed asM± SD, and the effect size statistic was assessed
by partial eta squared in each group.

Group parameter Control Nilotinib Nilotinib + MSC-CM Partial η2 Sig.

Collagen expression (OD)

Mean ± SEM 0:80 ± 0:12 0:57 ± 0:12∗ 0:34 ± 0:08∗, #
0.818 0.006P1 0.090 0.005

P2 0.090

DNA content μg/100mL cell lysate

Mean ± SEM 508:9 ± 67:5 340:1 ± 76:6∗ 244:2 ± 61:4∗, #
0.791 0.009P1 0.054 0.008

P2 0.278

ROS (OD)

Mean ± SEM 0:18 ± 0:077 0:37 ± 0:23∗ 0:78 ± 0:09∗, # 0.808 0.007

P1 0.332 0.006

P2 0.035

P: probability. ∗Significant compared to the control group. #Significant compared to the Nilotinib group. P1 value for the control group. P2 value for the
Nilotinib group. η2: eta squared. Test: one-way ANOVA, post hoc Tukey, and effect size statistic were assessed by partial eta squared.
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Figure 4: The proposed mechanism by which MSCs-CM synergized Nilotinib antifibrotic effect and minimized cytotoxicity.
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Regarding MSC safety, our results were agreed with Lalu
et al. [29] who analyzed MSC clinical safety in 36 studies, and
they reported that MSCs had no tumorigenic potential or
side effects during treatment. Additionally, Karussis et al.
[30] found that MSC therapy in multiple sclerosis patients,
during a study lasting 25 months, had no observed serious
side effects. Most of the studies demonstrated that MSC sin-
gle transplantation is safe and does not stimulate an immune
response [31]. Long-termly studies are required to find any
side effects and approve safety. Finally, further studies are
needed to confirm this combination efficacy and safety. In
the current study, we showed the MSC-CM effect as a whole.
Thus, we recommend studying the special vital components
that control the antifibrotic efficacy.

5. Conclusion

Finally, we conclude that Nilotinib synergized with liver stem
cell conditioned media to achieve a safer and antifibrotic
effect on activated, but not quiescent, HSCs than Nilotinib
alone. Furthermore, long-termly toxicity examinations are
needed to detect any harmful impact concerning the Niloti-
nib + liver MSC combination.
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