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Abstract
Purpose: This study evaluated the influence of human mesenchymal stem cells (h-MSCs) and/or vitamin E (vit 

E) on experimental hepatocellular carcinoma (HCC).

Methods: Eighty five rats were divided into; group 1: twenty rats served as control group and group 2: sixty five
rats received Diethyl Nitrosamine (DENA) followed by carbon tetra chloride (CCl4) to induce HCC. Five rats were 
scarified after 2 months to assess the induction of HCC. The other sixty rats were further subdivided into; group 
2: fifteen HCC were untreated rats, group 3: fifteen HCC rats were treated by injection of 107 h-AMSCs, group 4: 
fifteen HCC rats were treated by vitamin E and group 5: fifteen HCC rats were treated by injection of 107 h-AMSCs 
and vitamin E. Histological, arginase-1 immunohistochemical examination were assessed and serum albumin and 
α-fetoprotein were estimated. 

Results: Histopathological examination of group 2 revealed presence of anaplastic carcinoma, focal nodular 
hyperplasia. Group 5 showed improvement in histopathological picture relative to group 3 and 4. Positive arginase-1 
IHC reaction was observed in group 2 with decrease reactivity in all other groups. 

Conclusion: Combined treatment with h-AMSCs and vitamin E has tumor suppressive effect with ameliorating 
HCC histopathological picture and liver function.
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Introduction
Hepatocellular Carcinoma (HCC) is the fifth most common primary 

liver cancer. The annual number of discovered cases of HCC worldwide 
is over one million. Globally, HCC is the third leading cause of cancer 
related death, preceded only by the lung and stomach cancers [1,2]. The 
incidence of HCC has been increasing in Egypt in the past 10 years [3]. 
HCC contributes to 14.8% of all cancer mortality in Egypt. Effective 
and established chemotherapeutic agents for HCC are unavailable with 
high rate of recurrence. The prognosis of HCC is still poor [4]. A recent 
research report characterized a new immunohistochemical biomarker, 
arginase-1, as a potential marker of hepatocellular differentiation in 
both surgical pathology and cytopathology specimens. Arginase exists 
in two isoforms, namely arginase-1 and arginase-2, both of which 
are considered for the hydrolysis of arginine to ornithine and urea 
in the urea cycle. Arginase-1 demonstrates high levels of expression 
within the liver, while arginase-2 levels are highest in the kidneys and 
pancreas and are very low in the liver [5,6]. Mesenchymal Stem Cells 
(MSCs) are known as a self renewal multipotent and exhibit high 
potential efficacy for differentiation into different cells/tissue lineages, 
including cartilage, bone, adipose tissue, tendon, and ligament [7]. 
Human Amniontic Mesenchymal Cells (hAMSCs) exhibit properties 
that make them an attractive choice as a cell-mediated therapy in 
human malignancies [8]. hAMSCs are adult stem cells that exhibit 
rapid proliferation ex-vivo, and can be differentiated into cell types 
derived from all three primary germ layers of the embryo in the culture. 
hAMSCs can be expanded from the discarded placenta after birth, and 
they possess low immunogenicity allowed them to be used in a range 
of clinical applications [9]. The inhibition of tumor growth by MSCs 
has been observed in different types of animal models. In experimental 
models of Lewis lung carcinoma and B16 melanoma (mouse melanoma 
cell line), Maestroni et al. were the first to report that the co-injection of 
mouse MSCs with melanoma cells inhibited growth of primary tumor 

[10]. The anti-proliferative action of MSCs was reported in a model of 
colon carcinogenesis in rats, in which the co-injection of MSCs with 
tumor cells in a gelatin matrix implanted subcutaneously led to growth 
inhibition. In addition, this implantation triggered a more pronounced 
infiltration of monocytes and granulocytes [7].

Among all the natural health supplements, Vitamin E 
(α-Tocopherol) exhibits the most intensively studied cancer preventive 
agent because of its antioxidant property [11]. It refers to a compound, 
which is able to donate electron and neutralize free radicals, resulting 
in scavenging and preventing cell injuries. Polyphenol antioxidants, 
like anthocyanines and tannins, possess the unpaired electron which 
is delocalized by resonance of aromatic rings to cause better stability 
and less reactivity rather than by other antioxidants. Furthermore, the 
toxicity of polyphenols is less than that of destroyed free radicals [12]. 
There is a hypothesis that oxidative DNA damage lights up the initial 
stage of carcinogenesis. For instance, hydroxyl radicals hurt DNA and 
create a series of structurally changed purine and pyrimidine bases 
with a high degree for mutagenicity. However Vitamin E as a natural 
dietary antioxidant may possess anticancer activities on their own by 
inhibiting protein kinase C7 [13,14]. We aimed to assessarginase-1 as 
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an early diagnostic molecular biomaker in HCC. We also investigated 
the suppressive antitumor genesis effects of h-AMSCs on progression 
of HCC and the ameliorative influence of Vitamin E in increasing the 
therapeutic efficacy of the stem cells in HCC treatment. 

Methods
Animal groups

Eighty five adult male white albino rats with matched age (6 
months) and weight (200-250 gm) were included in the study. Animals 
were inbred in the experimental animal unit, Faculty of Medicine, Cairo 
University. Rats were maintained according to the standard guidelines 
approved by the Institutional Animal Care and Use Committee of 
Cairo University.

Animals were fed on a semi-purified diet that contained gm/kg: 
200 casein, 555 sucrose, 100 cellulose, 100 fat blends and 35 mineral 
mix [15]. They were divided into:

Group 1 (Control group): 20 rats received normal balanced diet 
and 3 ml/kg body weight castor oil twice weekly for 5 months, animals 
were scarified according to experiment schedule at 2,3,4 and 5 months; 
five rats in each scarification parallel with other groups.

HCC induced groups: 65 rats received a single intraperitoneal 
injection of Diethyl Nitrosamine (DENA) at a dose of 200 mg/kg body 
weight followed by twice weekly subcutaneous injections of carbon 
tetra chloride (CCl4) at a dose of 3 ml/kg body weight [16]. Five rats 
of that group were scarified after 2 month; blood samples and liver 
specimen were collected to assess the induction of HCC. The other 60 
rats were further subdivided into:

Group 2 (HCC untreated group): 15 rats were untreated and 
served as positive control model and scarified according to experiment 
schedule.

Group 3 (HCC/h-AMSCs treated group): 15 rats treated by 
a single injection of 107 human amniotic-MSCs/rat intravenously 
(through tail vein) and scarified according to experiment schedule [17].

Group 4 (HCC/vitamin E treated group): 15 rats treated by oral 
administration of 10 mg/kg α-tocopherol acetate ( Vitamin E) dissolved 
in 2 ml/kg body weight castor oil daily and scarified according to 
experiment schedule [18,19].

Group 5 (HCC/h-AMSCs and vitamin E treated group): 15 rats 
treated by injection of 107 human amniotic-MSCs (through tail vein) 
and oral 10 mg/kg body weight α-tocopherol acetate (Vitamin E) 
dissolved in 2 ml/kg body weight castor oil daily and scarified according 
to experiment schedule.

Both histological and immunohistochemical examination of liver 
tissue, in addition to serum levels of albumin and α-fetoprotein were 
estimated in all groups.

Human mesenchymal stem cells isolation

Human amniotic membranes were mechanically separated from 
placentas taken from normal full-term uncomplicated elective cesarean 
sections after obtaining a written informed consent. They were 
transported in cold phosphate buffer saline (PBS; Gibco/Invitrogen, 
Grand Island, New York, USA) solution in a thermally insulated 
container on ice. The amniotic membrane was washed extensively 
with PBS to remove contaminating debris and red blood cells. Then 
the amniotic membrane was minced with scissors and subjected 
to enzymatic digestion with collagenase II in PBS for 60 minutes at 

37°C with gentle agitation, mechanical filtration through a strainer 
and cultured under standard conditions. The separated cells were 
centrifuged for 10 minutes at 200×g rpm at 10°C. Isolated MSCs were 
cultured on 25 ml culture flasks in Minimal Essential Medium (MEM) 
supplemented with 15% Fetal Bovine Serum (FBS) and incubated for 
2 hours at 37°C and 5% CO2. Adherent MSCs were cultured in MEM 
supplemented with 30% FBS, 0.5% penicillin, streptomycin and at 37°C 
in 5% CO2 in air [20].

Labeling stem cells with GFP

At 4th passage, MSCs were harvested and labeled with green 
fluorescent protein (GFP) (amaxa GmbH, amaxa Inc. Europe/World 
USA Scientific Support) [13]. Human MSC were nucleofected using the 
human MSC Nucleofector Kit and a plasmid encoding the fluorescent 
protein GFP according to manufacture instructions. GFP in human 
amniotic–MSCs (labeled stem cells in vitro) and in unstained rat liver 
tissues (for tracing of labeled h-MSCs in vivo) was analyzed using 
inverted fluorescence microscopy (Leica, Germany).

Histopathological examination

Liver tissues were collected and divided into two sections. The 
first section was frozen dissected and unstained for tracing of injected 
labeled cells with GFP. The second section was washed with PBS and 
fixed overnight in 40 g/L paraformaldehyde at 4°C. Serials 5 μm sections 
of the dissected liver tissues were stained with hematoxylin and eosin 
(H&E) [21] and Masson trichrome stain [22] for histopathological 
studies.

Immunohistochemical staining procedure for arginase-1

Four-micron thick sections of the formalin-fixed, paraffin-
embedded tissue blocks of all the studied specimens were investigated 
for the presence of a rabbit polyclonal antibody against arginase-1 of 
rat origin (H-52: sc 20150, Santa Cruz, Europe) at a dilution 1:200 
with a labelled streptavidin- biotin-peroxidase complex technique. 
Briefly, Tissue sections were deparaffinized and hydrated in xylene and 
descending grades of alcohol. After rinsing in PBS, antigen retrieval 
was performed by treating the tissue sections with citrate buffer, pH 6.0 
for 10 min in a 700-W microwave oven. The endogenous peroxidase 
activity was blocked by incubating the slides in 3% hydrogen peroxide 
for 5 to 10 min, and then washed in buffer. This is followed by 
incubation with the primary antibody (arginase-1) for one hour at 
room temperature. The antibody reaction was detected with the avidin-
biotin detection kit using Diaminobenzidine (DAB) as chromogen. 
Sections were counterstained with hematoxylin for 15 seconds before 
checked under microscope. Normal liver tissues was used as positive 
control, while negative control was done using the same tissue (normal 
liver), omitting the primary antibody. All steps were performed in a 
humidity chamber to prevent drying of the tissues [23]. 

Only cytoplasmic or cytoplasmic and nuclear reactivity was 
considered as positive staining for arginase-1. Immunoreactivity was 
observed by two pathologists. 

Morphometric study

Using Leica Qwin 500LTD (Cambridge UK) computer assisted 
image analyzer. Area percentage of Arginase-1 immunopositive cells 
were measured in liver sections for all groups. The measurements were 
done in 10 high power fields (HPF) using binary mode.

Serum biochemical assessment

Venous blood was withdrawn from the rats retro-orbital veins 
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Three months post HCC induction, liver tissues of adult rats 
group (2): Showed hepatocytes with lots of fatty vacuoles, small groups 
of polymorphic, hyperchromatic malignant hepatocytes with moderate 
cellular and nuclear atypia (Figure 4B). After five months post HCC 

of all groups to assess serum albumin and α-fetoprotein (AFP) using 
colorimeter kits (Randox laboratories limited, Country Antrim, 
UK) and ELISA (provided by Diagnostic Systems Laboratories, 
Inc., Webstar, Texas, USA.) respectively according to manufacture 
instructions.

Statistical analysis

Statistical analysis was carried out using SPSS v. 15 software. All 
data were expressed as means ± standard error of mean (SEM). Data 
were analyzed by one-way analysis of variance (ANOVA). Individual 
comparisons were made by Duncan's multiple range test using post hoc 
test of one-way ANOVA to determine the similarities and differences 
of mean values between different groups significantly. P values of less 
than 0.05 were considered statistically significant [24]. 

Results
Stem cells characterization 

Under an inverted microscope (Leica, Germany) undifferentiated 
(h-AMSCs) were typical of adherent spindle and fibrocyte-like at one 
week culture and reached 80-90% confluence at 2 weeks culture (Figures 
1A and 1B respectively). Flow cytometric analysis of the MSCs at the 
4th passage showed that these cells were positive for CD105 (97.99%) 
and negative expression of hematopoietic/endothelial markers CD45 
(1.34%) and CD133 (1.44%) (data not shown). These results indicated 
that relatively purified (h-AMSCs) were isolated. Before cells injection, 
GFP-labeled h-AMSCs were analyzed and confirmed for their green 
auto fluorescence for in vivo cells tracing (Figure 2A). Frozen sections 
of h-MSCs injected liver tissues in all rats groups showed that the 
GFP-labeled cells were integrated within liver tissues (Figure 2B). That 
finding indicated homing of h-MSCs to injured liver tissues. 

Histopathological changes

H&E stain: Examination of the liver sections of adult control rats 
group (1) showed normal hepatic architecture, with hepatic cords 
radiating from the central vein extending toward the portal tract and 
separated by hepatic sinusoids. The hepatocytes formed a pericentral 
zone around the central vein and a periportal zone around the portal 
tract. They appeared polygonal and contained granular acidophilic 
cytoplasm and rounded vesicular nuclei. Some hepatocytes were 
binucleated (Figure 3). 

Alternatively histopathology of liver tissues of adult rats of group 
(2): HCC induced group, showed regenerative nodules surrounded by 
fibrotic tissue, chronic inflammatory infiltrate with proliferating small 
bile ducts and hepatocytes showed fatty degeneration with vacuolated 
cytoplasm (Figure 4A).

Figure 1: (A): h-AMSCs at one week of culture (30-40% confluent), (B): 
h-AMSCs at two weeks of culture (80-90% confluent).

100 nm100 nm

a b

Figure 2: (A): Labeling of h-AMSCs with GFP fluorescent dye (in vitro), (B): 
Homing of the injected labelled mesenchymal stem cells by detecting GFP 
fluorescent dye in the rat liver (in vivo) 5 months post experimental duration.

Figure 3: Photomicrograph of liver tissue of adult rat (Group 1: Control group) 
showing normal hepatic architecture (H&E; 200X).

A B

C D

Figure 4: Photomicrograph of liver tissue of adult rat (Group 2: HCC-induced 
group): (A) after 2 months showing regenerative nodules surrounded by 
fibrotic tissue (arrow), proliferating bile ducts (♦) and hepatocytes showing 
hydropic changes (H). (B) after 3 months showing malignant cells (M) with 
variable degrees of cellular atypia and a lots of fatty vacuoles (arrow). (C) 
after 5 months showing solid growth pattern (T) surrounded by thick fibrous 
bands (arrow) (H&E; 200X) and (D) after 5 months showing a  solid growth 
pattern with large tumor nodules separated by thick fibrous bands (Masson 
trichrome; 200X).
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8C and 8D respectively). There was no obvious difference in immune-
positive staining between group (5) (HCC treated with h-AMSCs and 
Vit E) and control group (Figure 8E).

induction, liver tissues of the same group showed solid growth pattern 
in the form of large tumor nodules surrounded by thick fibrous bands. 
The malignant nature of such tumor gives a complete destruction of the 
original liver architecture (Figures 4C and 4D).

Improvement of histopathological picture after one month post 
h-AMSCst reatment, group (3): The liver tissue of adult rat of this 
group revealed moderate reversible hepatocytes damage and reduced 
fibrotic thickening surrounding the portal tracts. Some areas showed 
mild degenerative changes with presence of some inflammatory 
infiltrates and few neoplastic cells (Figure 5A). After 5 month post 
h-AMSCs treatment, liver tissue of the same group showed normal 
architecture with few degenerated areas and congestion between 
sinusoids were perceived (Figure 5B).

Liver tissues of group (4) (treated with Vit. E): Showed mild 
recovery with new cell formation appeared limited to the marginal 
parts of the liver tissue. All the examined specimens of this group, 
showed many degenerated areas fatty replacements, dilated sinusoids 
and venous congestion. Some promising regenerative areas were 
perceived (Figures 6A and 6B).

Rat liver tissues in group (5) (HCC treated with h-AMSCs and 
Vit. E): Were attained the best results in comparison to all other treated 
groups. The liver tissues showed preserved liver architecture with 
normal appearance. Hepatocytes were radially arranged from central 
vein with eosinophilic cytoplasm and central basophilic nuclei No 
mononuclear inflammatory infiltrate was observed. Slight dilation of 
some sinusoids and mild degenerated areas were determined (Figures 
7A and 7B).

Masson’s trichromestain: Examination of liver sections of the 
control group(1) of adult rats, showed minimal collagen fibers around 
central vein. Group (2) HCC induced without treatment, showed 
apparent increase in collagen fibers content. It was observed around 
tumor nodules in the form of thick blue fibrous bans separating the 
nodules from one another (Figure 4D).

Immuno-histo chemical stain

 Anti-arginase-1 stained liver sections: Liver sections of control 
group (1): revealed brown immune-positive staining in the cytoplasm 
in all cells of the liver tissue (Figure 8A). Group (2) (HCC induced): 
revealed apparently increased immune-positive reactivity of arginase-1 
in nucleus and cytoplasm as compared to control group and all other 
experimental groups (Figure 8B). However group (3) (HCC treated 
with h-AMCs) and group (4) (HCC treated with Vit E): showed 
arginas-1 immuno-positive staining in malignant cells only (Figures 

A B

Figure 5: Photomicrograph of liver tissue of adult rat (Group 3: HCCgroup 
treated with h-AMSCs): (A)  after 3 months  showing moderate reversible 
liver cell damage in the form of degeneration (d) with presence of some 
inflammatory infiltrates (arrow) and neoplastic cells (arrow head). (B) after 
5 months  post treatment liver tissue showed normal architecture with few 
degenerated areas (arrow) and congestion (H&E; 200X).

A B

Figure 6: Photomicrograph of liver tissue of adult rat (Group 4: HCC group 
treated with Vit. E): (A and B) after 5 months showing lots of degenerated 
areas (arrow), dilated sinusoid and venous congestion (arrow heads) (H&E; 
200X).

A B

Figure 7: Photomicrograph of liver tissue of adult rat (Group 4: HCC group 
treated with h-AMSCs and Vit. E): (A) after 4 months showing more or less 
normal liver architecture; mild degenerated areas are still observed. (B) after 
5 months showing readily arranged hepatocytes with eosinophilic cytoplasm 
and central basophilic nuclei (H&E; 200X).

Figure 8: Photomicrograph of liver tissue in all studied groups at five months 
post experimental duration showing difference in immune-positive stain of 
anti-arginase-1 in nucleus and cytoplasm of the hepatocytes denotes increase 
of reactivity in HCC group (2)  (Figure 8B) more than control group (1)  (Figure 
8A), while HCC treated with h-AMSCs group (3)  (Figure 8C) and HCC treated 
with Vit E group (4) (Figure 8D) showed arginase-1 positive reactivity only in 
neoplastic cells similar to control group (1)  and HCC treated with h-AMSCs 
and Vit. E group (5) (Figure 8E). (Anti-arginase; 200X).
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The above findings proved the specificity of anti-arginase-1 stain 
for early diagnosis of HCC and the therapeutic potential effect of 
h-AMSCs and Vit. E in treatment of induced HCC. The mean percent 
area of arginase-1 positive hepatocytes in all studied groups was 
presented in Figure 9. The highest percent area for arginase-1 positive 
hepatocytes was in HCC induced group.

Laboratory investigations

Measurements of serum albumin level in all the studied groups 
were shown in Table 1. There was no significant difference in the mean 
albumin levels between HCC treated group with combined MSCs and 
Vit E and control group. The mean serum albumin in HCC group 
showed a significant decrease (p>0.05) when compared to control 

group, HCC group treated with MSCs and HCC group treated with 
combined MSCs and Vit E. The mean serum albumin level in HCC 
group treated with MSCs showed a significant increase when compared 
to HCC group treated with Vit. E on 5 months post-treatment duration 
(Figure 10).

Measurements of serum AFP level in all studied groups were shown 
in Table 2. There was no significant difference in the mean AFP level 
in control, HCC treated with MSCs and HCC treated with combined 
MSCs and Vit E. The mean serum AFP in HCC group showed highly 
significant increase (p>0.05) when compared to all other groups. Mean 
serum level of AFP in Vit.E treated group showed a significant decrease 
when compared to control, HCC treated with MSCs and HCC treated 
with combined MSCs and Vit E. (Figure 11). 
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Figure 9: Histogram comparing the mean area percent of arginase-1 immuno-positive cells in the control and experimental groups.
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Figure 10: Showed histogram presented the different concentrations of albumin in plasma of rats in all treated groups compared to normal control and all treated 
groups.

Groups Months Control HCC HCC+MSC HCC+Vit E HCC+Vit E+MSC
3 4 ± 0.194ad 2.22 ± 0.305b 2.84 ± 0.261bc 3.44 ± 0.177ac 4.24 ± 0.163d

4 4.04 ± 0.369a 1.25 6± 0.169b 2.52 ± 0.302c 3.22 ± 0.272c 4.14 ± 0.081 a

5 4.26 ± 0.150a 1.054 ± 0.037b 3.5 ± 0.294d 2.58 ± 0.152c 4.64 ± 0.237a

Values are mean ± SEM 
Values with different superscript letters are significantly different (P<0.05).

Table 1: Albumin level (g/dl) in all studied groups in different months.
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Histopathological examination of liver tissues in group2 
that received DENA and CCL4 was the only one which revealed 
development of HCC, this was shown by the presence of tumor nodules 
formed of solid cords, small groups of polymorphic, hyperchromatic 
malignant hepatocytes with moderate cellular and nuclear atypia. On 
the other hand, injection of h-AMSCs in HCC induced rats, led to the 
improvement of the histopathological picture with minimal reversible 
liver cell damage represented in the form of degenerative areas, 
dysplastic hepatocytes along with a great part of the tissue showing 
normal liver architecture, few malignant cells were still observed in 
groups (3 and 4). These results reinforced by the suggestion of previous 
studies constitute the first evidence, that h-AMSCs have the potential 
to survive and integrate into the adult mouse liver and to differentiate 
into functional hepatocytes [34]. This confirms the potential role of 
h-AMSCs as an effective stem cell based therapy. It has been reported 
that cells derived from amniotic fluid can integrate into an area of 
tissue damage and express markers specific to the target cell lineage 
in rodent models of lung and brain injury [35]. Furthermore it was 
previously published that transplanted hAMSCs can survive for more 
than 90 days in injured tissues which give a prolonged duration for 
easier regeneration and tissue repair [36].

h-AMSCs and Vitamin E treated group showed the best results 
over all experimental groups. Histological features of the liver tissues 
in animals treated with combined h-MSCs and Vit. E resemble to a 
greater extent to that of normal control. These findings suggested that, 
the oral administration of Vitamin E together with h-AMSCs may 
increase the efficiency of the stem cells by increasing their proliferative 
effect.

The co-supplementation of Vit. E with h-AMSCs, prevented 
free radicals induced damage to the liver tissues, by avoiding lipid 
per-oxidation through scavenging hydroxyl radical and enhancing 
immune responses. Furthermore, it increased their ability of inhibiting 
oxidative DNA damage of regenerated cells, thus giving excellent 

Discussion
Malignant hepatocytes transformation may occur through 

repetitive liver injury in a context of inflammation, cirrhosis and 
oxidative DNA damage [25]. MSCs can represent a hope for cancer 
therapies through their potential of inhibiting tumor cells from 
regeneration in different types of animal models [26]. Human bone 
marrow MSCs home to sites of hepatocellular carcinoma in rats and 
were able to suppress hepatocarcinogensis [27]. 

In the present study we aimed at using human amniotic MSCs 
(h-AMSCs) as a new approach in studying their effect in HCC therapy. 
It has been reported that (h-AMSCs) consistently express CK18 over 
a long period of culture and furthermore they can express AFP and 
HNF-4α during the later passages of culture [28]. Consequently, it 
was hypothesized that they can be easily differentiated into hepatic 
lineage cells. h-AMSCs have been shown to exhibit high differentiation 
potential and high proliferative activity, both characteristics of stem-
ness [29,30]. Regarding the immunophenotype, h-AMSCs place 
themselves once again between adult MSCs and ESCs, since they are 
positive for surface markers characteristic of mesenchymal and/or 
neural stem cells and also express Octamer Binding Transcription 
Factor (OCT4), NANOG and Stage-Specific Embryonic Antigen-4 
(SSEA-4). For instance, they were induced to undergo adipogenic, 
osteogenic, neurogenic differentiation and oocytes like cells [31]. 
Moreover, h-AMSCs expressing the stem cell marker OCT4, they can 
differentiate into cells of all three embryonic tissue layers [30,32].

In the present study h-AMSCs were identified by detection of 
CD105 surface marker, their fusiform shape, adherence and their 
ability to differentiate into osteocytes and adipocytes. Homing of 
h-AMSCs in liver was confirmed byhoming of MSCs labeled by GFP 
in injured liver. Experimental findings suggested that the induction 
of parenchymal damage is a prerequisite for successful homing and 
repopulation with stem cells [33].

Groups Months Control HCC HCC+MSC HCC+Vit E HCC+Vit E+MSC
3 4.084 ± 0.187a 35.1 2 ±  5.8b 4.538 ± 1.017a 6.58 ± 1.013a 4.88 ± 1.160a

4 2.952 ± 0.087a 54.94  ±  1.953b 3.252 ± 0.356 a 6.754 ± 0.719c 2.78 ± 0.281a

5 3 ± 0.213 ac 54.42  ±  0.644b 3.37 ± 0.340c 3.93 ± 0.46c 1.994 ± 0.070a

Values are mean ± SEM 
Values with different superscript letters are significantly different (P<0.05).

Table 2: Showed AFP level (ng/ml) in all studied group in different months.
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Figure 11: Showed histogram presented the different concentrations of AFP in plasma of rats in all treated groups compared to normal control and all treated groups.
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results in controlling HCC induced in that group [37]. The increased 
resistance to oxidative stress detected in cells expressing MDR 
phenotype is most likely due to an increase in antioxidant defense of 
Vit. E provided in the treatment. As Vitamin E has a role in decreasing 
the over–expression of P-glycoprotein functions as an ATP dependent 
efflux pump that extrudes cytotoxic drugs from inside of tumor cells 
[38,39]. Vitamin E played an obvious role resulted in a significant 
reduction of chromosomal damage and prevention of hepatic tumor 
formation [18].

The histopathological results of liver tissue in Vit. E treated group 
after induction of HCC showing minimal tissue recoveryand that lead 
us to the discovery that Vit. E alone can’t regulate the damage caused 
by DENA and CCl4.

The decreased serum levels of AFP and increased albumin levels in 
HCC group treated with h-AMSCs and Vitamin E in comparison to all 
other groups, indicate their efficacy in amelioration of the malignant 
status as well as improving the liver function of HCC model.

Many studies have reported the inhibition of albumin in 
hepatocarcinogensis [40]. In general, the incidence of hepatocellular 
carcinoma recurrence is high in patient with advanced liver fibrosis 
[41]. In vitro and in vivo studies have demonstrated that Vit. E promotes 
albumin synthesis. Recent studies showed that increase in albumin 
level with reduced AFP expression because expecting that Vit E would 
inhibit hepatocyte proliferation and hence hepatocarcinogensis [42].

On the other hand, albumin inhibited the phosphorlylation of Rb 
proteins P 780 and P807 /811. Furthermore, the expression of p21 and 
p57 increases significantly in the presence of albumin, suggesting that 
albumin induces the expression of P21 and P57 to inhibit Rb protein 
phosphorylation, thereby arresting the cell cycle in the G1 phase. These 
results suggest that the albumin itself suppresses the proliferation of 
hepatocellular carcinomas [43]. 

In the present study arginase-1 immunostaining was used as 
sensitive and specific IHC biomarker for hepatocellular neoplasms. The 
increased Agr-1 immunostaining which was recorded in HCC induced 
group more than control and other groups, aid on verifying that the 
induced lesions were HCC. However control group showed positive 
Arg-1 in cytoplasm only without showing any positive reaction in 
the nucleus of all cells. On the other hand all other treated groups 
showed positive cytoplasmic and nuclear immuniostaing only in 
neoplastic cells. The obtained results coincide with the findings of other 
investigators, who reported the high expression of Arg-1 immuniostain 
with high sensitivity and specificity for HCCs ranging from 96.0%-
99.0% respectively [23].

The increase in Arg-1 immuniostaing in neoplastic cells was 
greater than normal value and it is worth mentioning that the caused 
inborn error in urea cycle was the main factor that caused increased 
hepatocyte damage due to the high liver toxicity.

Recent studies has postulated that the essential role of stem cells 
microenvironment niche in preventing carcinogensisis by providing 
signals to inhibit proliferation and promote cell differentiation [44]. 
Our evidence was in postulating that microvesicles tumor cells 
secreting proteins can activate signaling pathways facilitating h-AMSCs 
migration to tumor site and the destruction of tumor cells.

Meanwhile the surface marker profile of h-AMSCs cells and 
their expression of the transcription factor Oct4 advocate that they 
represent an intermediate stage between pluripotent ES cells and 
lineage-restricted adult stem cells. In addition to their low potentiality 

in inducing tumor in vivo, giving them great advantage to be used as 
cell based therapy agent in our study.

Most current strategies in cell therapy and tissue engineering were 
to use cells obtained from biopsies of patient’s tissues. However, for 
some applications autologous cells from an appropriate tissue cannot 
be readily obtained or expanded in culture. Stem cell lines that can be 
propagated easily with maintained genetic stability, and can be induced 
to differentiate into desired specialized cells may offer an alternative 
source [29].

The use of h-AMSCs in the present study is for the acquisition 
of lineage-specific functionality of these cells differentiated in vitro 
hepatocyte-like cells. 

Several novel findings regarding role of MSCs in cancer 
development and/or therapy are summarized from several studies 
[45]: MSCs can behave as potent antigen-presenting cell (APCs) and 
could be exploited as new therapeutic tool in cancer therapy in order to 
amplify immune responses against tumor–specific antigens [46].

It was recently demonstrated that MSCs had potential 
inhibitory effects on tumor cell growth in vitro and vivo without 
immunosuppression, by inducing apoptotic cell death and G0/G1 
phase arrest of cancer cells [47].

According to the above mentioned basis it was reported that MSCs 
help in the arresting of cancer cell cycle and the increase of albumin 
concentration in serum blood by the help of Vitamin E administration 
which had in turn arrested G1phase of malignant cells stopping its 
proliferation. h-AMSCs together with Vitamin E could be a promising 
treatment in HCC. 

An increasing number of reports have suggested that Microvesicles 
(MVs) derived from MSCs, which are therapeutically beneficial as 
a treatment, can serve as a cell free regenerative option for multiple 
diseases [48]. This is due to the fact that MVs contain a variety of 
molecules, including proteins, microRNAs, and mRNAs, and are 
associated with biological processes in a content molecule-dependent 
manner [49].

For my own knowledge this is the first molecular research to 
study influence of combined MSCs and Vit. E treatment and using 
the arginase-1 as an early diagnostic biomarker tool in experimental 
induced HCC.

In conclusion, the present findings demonstrated that h-AMSCs 
and Vitamin E have tumor suppressive effect in chemically induced 
hepatocarcinogensis as evidenced by using argainse-1 sensitive 
immunohistochemistry biomarker for early diagnosis of HCC. Further 
studies are recommended regarding different signaling effects of 
h-AMSCs derived microvesicles as considering that, microvesicles 
are the new theoretical mechanisms in biological therapeutic effects 
of MSCs. Above and beyond, future studies should be directed at 
the studying and identification of molecular role of Vitamin E in 
prevention of HCC.
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