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ABSTRACT

Liver disease is one of the major health problems in many
countries. Mesenchymal Stem cells have opened a new approach to
deal with liver fibrosis. Improvement of bone marrow derived
mesenchymal stem cellshoming after systemic injection of
disintegrin/like domain purified from Egyptian horned Cerastes
cerastes crude venomwhichwas shown byprevious study. This work
was designed to investigate the possible mechanism of disintegrin/like
domainin mesenchymal stem cells homing to fibrotic liver of CCly
treated mice. Quantitative gene expression was performed for stromal
cell-derived factor-loo to study homing of bone marrow derived
mesenchymal stem cells, transforming growth factor beta 1 to study
bone marrow derived mesenchymal stem cellshoming and
regeneration of liver cells and hepatocyte growth factor to study
regeneration of liver cells in CCly induced liver injury in white albino
mice. It was found that disintegrin/like domaincould increase homing
ofbone marrow derived mesenchymal stem cells as showed by the
significant increase in liver stromal cell-derived factor -la  gene
expression, transforming growth factor beta 1 as well as hepatocyte
growth factor genes expression compared to the non disintegrin/like
domaintreated CCly group.
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INTRODUCTION

Mesenchymal stromal cells (MSCs) are non-haematopoietic cells that
were first obtained from the bone marrow(Friedenstein et al.,
1974).There is great interest in using these cells in therapy ofwide
variety of clinical problems(Wang et al., 2015 and De Becker A, Van
Riet,2015).Mesenchymal stromal cells have immunomodulatory
effect, multipotentcapacity and tend to migrate to sites of tissue
injury(Chapel et al., 2003 andNasef et al., 2009). In addition, MSCs
can suppress inflammatory responses, reduce hepatocyte apoptosis,
increase hepatocyte regeneration, and rescue liver fibrosis(Eom et al.,
2015).Homing isa major problem in the field of cell-based therapy
which means the ability of cells to migrate into the site of injury.
Homing is a multistep process that includes cell attachment and
rolling in the vessel lumen, adhesion and extravasation across the
vascular  endothelium and migration through the tissue
stroma(Kholodenko et al., 2013).

Many potential factors are involved in stem cells migration and
homing into the injured liver have been characterized, such as stromal
cell-derived factor-1a (SDF-1a/CXCR4) axis, lytic enzymes as matrix
metalloproteinase (MMPs), hypoxia induced factor -1(HIF-1),
hepatocyte growth factor (HGF),inflammatory cytokines such as
(transforming growth factor beta 1(TGF-B1), interleukin-1p (IL-1P)
and tumor necrosis factor-o(TNF-a)(Sohni and Verfaillie, 2013).
Disintegrins are small cysteine-rich non-enzymatic proteins that are
created by the proteolysis of larger precursor of snake venom
metalloproteinase(Takeda et al.,, 2012). They have been found to
inhibit platelet aggregation, angiogenesis, metastasis and tumor
growth(Amiryan, 2011). The value of disintegrin/like domainobtained
from Egyptian horned Cerastes cerastes crude venom as hepato-
protective(Zaki et al., 2011)and potential stimulator of mesenchymal
stem cells homing was reportedin albino mice(Abd EL-Wahab et al.,
2014).

Stromal cell-derived factor-lo is constitutively expressed in healthy
liver. Its expression increases following acute or chronic liver
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injury.Stromal cell-derived factor-lo (SDF-1a)is able to activate two
chemokine receptors with various downstream signaling pathways,C —-X —
C chemokine receptor type 4 (CXCR4) and C —X —C chemokine receptor
type 7 (CXCR7).C -X —C chemokine receptor type7 is much more
expressed inliver sinusoidal endothelial cells (LSEC), while hepatic stellate
cells (HSC), mesenchymal stem cells, and tumor cells mainly respond by
CXCR4 expression(Liepelt and Tacke, 2016).

Hepatocyte growth factorhas pleiotropic effects on liver cells, influencing
cell proliferation, apoptosis, differentiation, motility, invasion and
angiogenesis(Weiskirchen, 2015). The positive role of HGF in facilitating
the differentiation of stem cells has been recognized as a rational approach
to improve the efficacy of MSC transplantation(Hahn et al., 2008).
Transforming growth factor beta 1lis a multifunctional
cytokine(Thenappan et al., 2011). Transforming growth factor beta lis
hypothesized to serve as the vital link among liver regeneration,
chronic injury, cirrhosis, and hepatocellular carcinoma(Thenappan et
al.,2010).1t is hypothesized that TGF-B1 may mediate SDF-10/CXCR4
axis-induced MSCs homing(Si et al., 2015).

This study investigated the possible mechanism by which disintegrin
/like domain could enhance the homing of labeled bone marrow
mesenchymal stem cells to CCly induced liver injury model in white
albino mice.

MATERIALS AND METHODS

Purification and isolation of disintegrin/ like domain:

Disintegrin /like domain was purified from Egyptian horned Cerastes
cerastes crude snake venom(Zaki et al., 2011)

Preparation ofbone marrow derived mesenchymal stem cells:
Freshly isolated and labeled bone marrow derived mesenchymal stem
cells (BM-MSCs)with PKH26 fluorescent dyewere obtained as
injectable preparations (2 x10° cells/ml) from Unit of Biochemistry and
Molecular Biology (UBMB)-Cairo University.

Experimental design:

Male white albino mice of average weight (25-30 g/mouse)were kept
in wire cages at animal house under standard conditions. Food and
water were available ad-libitum (fed freely with the quantity and
frequency of consumption of choice of animals). They were divided
randomly into 5groups, each of 8 animals(Abd EL-Wahab et al.,
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2014): Group 1 (control): Injected intra-peritoneally (i.p.) with normal
saline once weekly for 3 weeks in a dose of 0.8 ml/kg body weight
then sacrificed one week later; Group 2: Injected (i.p.)with CCly 0.8
ml (95%)/kg body weight once weekly for 3 successive weeksthen
sacrificed one week later; Group 3: Injected (i.p.)with CCly 0.8 ml
(95%)/kg once weekly for 3 successive weeks followed one week later
by (i.p.)injection of disintegrin/likedomain 0.3 mg/kg once weekly for
2 successive weeks then sacrificed one week later; Group 4: Injected
(i.p.)with CCly 0.8 ml/kg once weekly for 3 successive weeks
followed one week later by intra-venous injection of 0.5 ml labeled
BM- MSCs(2 x10° cells/ml once) (cells were injected intra-venous
into mice tail vein)then sacrificed3 weeks later; Group 5: Injected
(i.p.)with CCly 0.8 ml (95%)/kg once weekly for 3 successive weeks
followed one week later by intra-venous injection of0.5 ml labeled
BM-MSCs(2 x10° cells/ml)(cells were injected intra-venous into mice
tail vein) and (i.p.)injection of disintegrin/like domain 0.3 mg/kg then
sacrificed 3 week later.This work was approved by research ethics
committee, faculty of medicine- Ain shams university (NO. FWA
000017585).

All groupswere anaesthetized by ether and blood samples were
obtainedby periorbital route(Joanna et al., 2015)andsacrificed to
obtain the liver tissues.Hepatic specimens were treated for Real Time
PCR and histo-pathological studies.

Biochemical assays:

Serum alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and albumin levels were measured with a biochemical analyzer
(Roche Integra 800, Holliston, United States)(Bergmeyer et al., 1985).
RNA isolation and quantitative real-time RT-PCR:

RNA extraction from liver tissue samples was performed(Otto et al.,
1998). Total RNA was isolated using the SV(spin or vacuum) Total
RNA Isolation system (Promega, Madison, WI, USA);reverse
transcription (QuantiTect®Reverse Transcription kit) manufactured
by (QIAGEN, Germany);real-time quantitative PCR(Livak and
Schmittgen, 2002) (Quantitect SYBR green PCR kit; Qiagen) on a
Rotor-Gene® cyclersReal-Time PCR detection system. Specific PCR
primers were obtained from gene bank database and provided by
(Invitrogen analysis company)(tablel).
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Table 1: Gene primers used for detection

Gene Sense Antisense
HGF | AGCTCAGAACCGACCGGCTTGCAACAGGAT | TTACCAATGATGCAATTTCTAATATAGTCT
TGF-p1 CTTCAGCTCCACAGAGAAGAACTGC CACGATCATGTTGGACAACTGCTCC
SDF-1a CGCCAGAGCCAACGTCAAGC TTCGGGTCAATGCACACTTG
GAPDH TCAACAGCAACTCCCACTCTTCCA ACCCTGTTGCTGTAGCCGTATTCA

Examination of liver histo-pathology:

Liver tissue samples of each group were immediately fixed in 20 %
formaline then kept in paraffin, staining of thin transverse sections
with haemtoxylin and eosin stain was performed(Achliya et al., 2003).
Unstained liver tissue sections from the 4th and 5th groups were
examined with a fluorescence microscope to detect the BM- MSCs
stained with PKH26 (Abdel Aziz et al., 2011).The prepared and
stained sections were examined by a histopathologist as indicated in
acknowledgement.

Statistical analysis:

Data of biochemical assays were expressed as mean +SD. Significant
differences were determined by using one wayanalysis of
variance(ANOVA) for multiple comparisons using SPSS 20.0
computer Software. Results were considered significant at p< 0.05.
The results of Real Time PCRwere expressed as median and range.
Their distribution between different groups was tested using
Kruskal_wallis nonparametric test. Pairwise comparisons were done
using Mann-Whitney test with Bonferroni adjustment of obtained p
value.P value< 0.05 was considered statistically significant(Zwillinger
and Kokoska, 2000).

RESULTS

PKH26 fluorescent dyelabeledMSCs were observed in the liver tissues
obtained from the group injected with MSCs after CCly (group 4)
(figure 1) and the group injected with MSCs and disintegrin/ like
domain after CCly (group5) (figure 2)
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Figure (1): the PKH26 labeled bone marrow
derived mesenchymal stem cells appeared as red
auto-fluorescence after intravenous injection
into mice. The cells showed sporadic distribution

in the field confirming that these cells were
seeded into the injured liver tissue.

Figure (2): the PKH26 labeled bone
marrow derived mesenchymal stem cells
appeared as relative stronger and more
diffuse red auto-fluorescence after
intravenous injection into mice as
compared to (figure 1) suggesting that
these cells were more seeded into the liver

tissue.

Serum ALT and AST levels (U/L) were significantly increased in
CCly treated animals as compared to that in the control group (P
<0.01). Serum albumin levels (g/dl) were significantly decreased in
animals injected with CCly as compared to the control group (p<0.01)
indicating presence of liver damage (table 2).

Table 2:Comparison between group 1 and group 2 as regard
serum AST, ALT and albumin levels

Groups | No ALT(U/L) AST(U/L) Albumin(g/dl)
Groupl 8 55.3+20.4 92.7+13.3 39+03
Group2 | 8 131.3+52.7 367.3 £96.5 24+1.1**

The results were expressed as mean =+ standard deviation
(SD).**Significant at p<0.01; Group 1: control; Group 2: Injected
with CCly

SerumALT and AST levels were significantly lower in mice injected
with disintegrin/ like domain or labeled BM-MSCs or both after
CClyinjection, compared to that injected with CCly alone (p<0.01).
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Serum albumin levels were significantly increased in mice injected
with disintegrin/ like domain or labeled BM-MSCs or both after CCly,
compared to mice injected with CCly alone (p<0.05)(table 3).

Table 3: Comparison between group 2 and other groups as regard
serum ALT, AST and albumin levels

Groups no ALT (U/L) AST (U/L) Albumin (g/dl)
Group 2 8 131.3+52.7 367.3 +£96.5 24+1.1
Group 3 8 **63.2+19.1 | **178.3 £56.1 **33 +£0.3
Group 4 8 **60.6 £19.8 187.2 £70.2 *3.1 £0.1

* %
Group 5 8 **62.1 £25.1 | **163.5+£55.2 *3.0+0.1

The results were expressed as mean + standard deviation (SD).Significant at
*p<0.05and **p<0.01; Group 2: Injected with CCl,; Group 3: Injected with
CCl, followed by disintegrin/like domain; Group 4: Injected with CCly
followed by BM- MSCs; Group 5: Injected with CCl, followed by BM-
MSCs and disintegrin/like domain.Concerning hepatocyte growth factor
(HGF) gene expression; miceinjected with CCl, BM- MSCs and
disintegrin/like domainshowed the highest relative quantitative(RQ)
values.Stromal  cell-derived  factor-1a(SDF-1a)  gene  expression;
miceinjected with CCly,, BM- MSCs and disintegrin/like domainshowed the
highest RQ values.Transforming growth factor beta 1(TGF-B1)gene
expression;miceinjected with CClyand disintegrin/like domainwere showed
the highest RQ values (table 4).

Table (4): Relative quantification analysisas regard HGF,SDF-1a

andTGF-1.
Groups Hepatocyte Stromal cell- Transforming
growth factor derived factor- | growth factor beta
la 1
Median | Range | Median | Range | Median Range
1(saline) 0.35| 0.125- 1 0.75- 2.35 0.225-
2.35 14 6.825
2(CCly) 5.5 1.1- 2.8 | 14-41 53.6 45.175-
5.775 59.85
3(CCly+disintegrin) 70.1 | 61.975- 12.2 | 1.975- | 167545 | 1142.425-
139.575 17.25 2012.525
4(CCl4+MSCs) 5.5 1.35- 7.6 | 2.125- 2.8 0.925-
7.925 13.175 5.975
5 (CCL#+MSCs+ | 190.35 | 62.275- 254 | 18.175- 3.85 | 3.5-5.275
disintegrin) 317.275 28.5
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Miceinjected with CCly and disintegrin/like domainand miceinjected
with CCly, BM-MSCs and disintegrin/like = domainshowed
significantly increased expression (p<0.01) of HGF gene compared
tomice injected with CCls.Whereas, mice injected with CCly, BM-
MSCs and disintegrin/like domain showed significantly increased
expression (p<0.01) of HGF gene compared to mice injected with
CCly and BM-MSCs. Also,miceinjected with CCly, BM-MSCs and
disintegrin/like domainshowed significantly increased expression
(p<0.01) of SDF-1a gene compared tomice injected with CCl4.While,
miceinjected  with CCly, BM-MSCs and disintegrin/like
domainshowed significantly increased expression (p<0.01) of SDF-1a
gene compared to miceinjected with CCly and BM- MSCs.
Miceinjected  with  CClsand  disintegrin/like =~ domainshowed
significantly increased expression (p<0.01) of TGF-1 gene compared
to miceinjected with CCly. While,miceinjected with CCl; and BM-
MSCs andmiceinjected with BM- MSCs and disintegrin/like
domainafter CCly treatment showed significantly decreased expression
(p<0.05) compared to miceinjected with CClyand (p<0.01)compared
to miceinjected withCCly and disintegrin/like domain (table 5).

Table 5: Pairwise comparison between S5 groups as regard
HGF,SDF-10 andTGF-1.

p value
Group Versus Groups - SDF- | TGF-
1o B1
CCly 0.52 0.09 | *0.03
CCly+ disintegrin 091 0.16 | **0.01
1 (Saline) CCL+MSCs | 0.8 | 0.11| 7.13
CCly+ MSCs+ disintegrin Ogi **0.01 6.74

CCly+ disintegrin | **0.01 1.02 | **0.01

2 (CCly) CClg+ MSCs 4.01 141 | *0.02

CCly+ MSCs+ disintegrin | **0.01 | **0.01 | *0.02

CCly+ MSCs | **0.01 345 | **0.01

3 (CClt disintegrin) 00y T ViSCoy disintegrin | 172 | 0.06 | **0.01

4 (CCly+ MSCs) CCly+ MSCs+ disintegrin | **0.01 | **0.01 5.28

p<0.01DISCUSSION**p<0.05and *Significant at
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Abd EL-Wahab et al., (2014)observed thatdisintegrin/ like domain
can increase homing of BM-MSCslabelled with the PKH26 into
injured liver tissues of CCly treated mice. The current studyconfirmed
the same results as shown by difference between mice injected with
disintegrin/ like domain and MSCs and mice injected with MSCs in
PKH26 fluorescence dye studies.

In the presentwork, AST and ALT serum levels (U/L) were
significantly increased in animals injected with CCly as compared to
the control group. The results were consistent withAbd El-Wahab et
al. (2014)and Lee et al. (2017)studies, indicating hepatic
damage.While, the present study showed significant decrease of serum
ALT and AST levels in animals injected with MSCs and/ or
disintegrin/ like domain after CCly injection as compared to animals
injected with CCly alone. This goes with,Abd EL-Wahab et al.
(2014).

Data of present study showed also that serum albumin levels (g/dl)
were significantly decreased in animals injected with CCly compared
to control group. The results were consistent with Ahmed et al.
(2014)and Sahreen et al. (2015).There was significant improvement
in serum albumin levels in animals injected with disintegrin/ like
domain or labeled BM-MSCsor bothafter intra-peritoneal injection
with CCly compared to animals injected with CCly alone indicating
improvement of hepatocytes to produce albumin.This goes withZhao
et al. (2012)and Ahmed et al. (2014)who injected BM-MSCs (for 4
weeks) in animals treated with CCly.

In contrast, Abd EL-Wahab et al. (2014)reported no significant
improvement in serum albumin levels in animals injected with
disintegrin/ like domain or labeled BM-MSCs or both after injection
with CCly compared to animals injected with CCly alone. This
difference might be due to the difference in the time provided foreach
experiment; in present report 3 weeks were allowed to restore liver
function to synthesize albumin but in Abd EL-Wahab et al.
(2014)study only 1week was allowed then animals were
sacrieficed.As regard quantitative gene expression analysis, the
current work showed highest significant expression of SDF-1a levels
in mice injected with CCL, disintegrin/like domain
andMSCscompared to control group,mice injected withCCL, and
mice injected with CCL4 and MSCs.
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Liepelt and Tacke, (2016)demonstrated that SDF-1a contributed to
modulate liver injury and subsequent tissue regeneration by SDF-1a -
CXCRY7 interactions. Ling et al. (2016) showed the role of SDF-1a
/CXCR4 axis in the recruitment of BM-MSCs into thioacetamide
(TAA) induced liver injury.They revealed that SDF-1a can induce
BM-MSCs migration which is blocked by neutralizing anti-CXCR4
antibody in vitro and in vivo, SDF-1a /CXCR4 axis is involved in
BM-MSCs migration into the injured liver in vitro and in vivo.

The current study revealed that SDF-1a might regulate the recruitment
of MSCs in fibrotic liver and showed the probable synergistic effect
ofdisintegrin/like domain in increasing the homing of MSCs as shown
byfluorescence microscope.

The present study showed also significant increase of TGF-B1 gene
expression in mice injected with CCLs; compared to control
group.Consistent with current resultsMotawi et al. (2014)and Park et
al. (2015).Fan et al. (2013) verified that TGF-B1 is a pro-fibrogenic
cytokines in hepatic fibrosis. Linard et al. (2013),Shao et al.
(2014)andParket al. (2015) reported that MSCs have potential anti-
fibrotic effect through down-regulation of TGF-B1 expression.

In present study the expression of TGF-f1was significantly decreased
in mice injected with CCly and with MSCs and mice injected with
CCLy, disintegrin/ like domain and MSCs. But there is significant
increase of TGF-f1 gene expression in mice injected with CCLjand
disintegrin like/domain compared to control and mice injected with
CCL4. This suggests that disintegrin like/domain might increase
MSCs homing through TGF-B1 expression. This goes withSi et al.
(2015)who observed that TGF-B1 may be involved in repair of acute
kidney injury and also may promote MSCs homing in vitro by
influencing the expression of CXCR4.

The present study showed that mice injected with disintegrin
like/domain and mice injected with bothdisintegrin like/domain and
BM-MSCs after CCLytreatment had the highest significant expression
of HGF gene compared to all other groups.

The present results were consistent with Ogaly et
al.(2015)whoreported that there is decrease in HGF mRNA with CCL4
intoxication. Kim et al. (2005)showed that the anti-fibrotic effect of
HGF has been achieved through down-regulation of TGF-f1 and
inhibition of both the proliferation and activation of HSCs. Zhang et
al. (2014)found that HGFcan magnify the effect of adipose tissue-
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derived stem cells (ADSCs) with respect to its anti-apoptotic and anti-
fibrotic properties and the promotion of hepatocyte regeneration. In
the present study; the combination of disintegrin like/domain and BM-
MSCs showed the highest expression of HGF with down-regulation of
TGF-B1 expression.

Zhao et al. (2012)and Si et al.(2015)confirmed that there is a
relationship between the increase of HGF expression and the
migration of MSCs. This might indicate that disintegrin/ like
domaincould mediate MSCs homing through expression of HGF.

In the present study, histo-pathological examination of liver tissues
from the animal groups goes in agreement with studies showing
hepatotoxic effect of CCL, administration made byZaki et al. (2011),
Zhao et al. (2012)and Abd EL-Wahab et al. (2014).
Histo-pathological examination of liver tissues from animals injected
with CCL4 followed by disintegrin/ like domain or BM-MSCs showed
signs of healing and regeneration. Liver sections from animals
injected with both disintegrin/ like domain and BM-MSCs after CCL4
showed areas of apparent normal hepatocytes with its hexagonal
shape.

Preliminary work was done through tissue culture in which isolated
BM-MSCs were treated with disintegrin/ like domain for 48 hours.
The cells were examined for gene expression of CXCR4. The
experiment showed increase in CXCR4 expression in cultured MSCs
withdisintegrin/ like domain compared to untreated control MSCs
indicating that disintegrin/ like domain could enhance MSCs homing
through SDF-1a /CXCR4 axis.

CONCLUSION

This work proofs the reproducibility of disintegrin/ like domain on
liver injury and also demonstrated the possible mechanism of stem
cell homing to liver injured by CCly.
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