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ABSTRACT

Background: Stem cells (SCs) from adipose tissue are being studied as
part of regenerative medicine and used in vitro tissue engineering. Aim:
The study goal was to highlight the modifications of fragmented adipose
mesenchymal stem cells (AD-MSCs) on human hepatoma cell lines (HepG2
and Huh7) by inducing cell death (either apoptosis or necrosis). Materials
and Methods: This study explains the methods of isolating, identifying, and
characterization of fragmented frozen AD-MSCs. Also, investigate the
phenotype of AD-MSCs culturing cells obtained in Passage 3 using CD105
& CD90 as positive markers and CD45 as a negative marker. Two
Hepatoma cell line (HCC) cell lines were cultured in RPMI 1640/10%. The
viability and apoptosis of the HCC cell line were evaluated by MTT and
AO/EB methods, respectively. Results: Showed that, compared to CD45,
the percentages of brown dots in the AD-MSC nucleus and cytoplasm
increased for CD105 and CD90. HepG2 and Huh7 cells' growth and
apoptosis were affected by the perceived seeding of fragmented AD-MSCs.
Also, increasing the fragmented AD-MSC concentration (from 1:15 pl for
24 h to 1:30 pl for 48 h) in vitro decreased HCC cell line viability, in which
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Huh7 was more susceptible than HepG2 after 24—-48 h of incubation time (p
< 0.001), as assessed by MTT. Moreover, cell counting by AO/EB assays
appeared to initiate cell death, which increased in Huh7 cells compared to
HepG2 cells. Conclusion: New evidence suggests that fragmented AD-
MSCs could be highly efficient in preventing carcinogenesis by inducing

apoptosis in HCC cell lines.

INTRODUCTION
Cancer is one of the world's major diseases, risking human health [1]. Liver cancer is a
serious health concern due to its devastating impact on our lives. Currently, HCC
(hepatocellular carcinoma) has a high mortality rate is 95 % [ 2]. Due to an imbalance
between excessive cell growth and apoptosis, P53, one of the most relevant tumors
suppressor genes, is associated with HCC development [3]. HepG2 and Huh7 are two
immortalized hepatic tumor cell lines commonly used as models for hepatocytes,
although they only slightly imitate physiological liver function and tumor tissue in vitro
[4,5]. Since cell lines are similar to primary tissue, they are easy to be used , cheap, and
culturable scientific research. Further, the use of such cells in research provides unlimited
sources of biomaterials without the ethical implications associated with animal and
human tissues [5]. New targeted Therapeutic strategies are needed to prevent HCC
Development in the cirrhotic liver or limit metastasis. [3]. Regarding MSCs
(mesenchymal stem cells), their use in tumor-targeted therapy has been widely
considered an ideal method of delivering medication, which can improve therapeutic
response and reduce side effects [6]. Bone marrow mesenchymal stem cells (BM-MSCs)
are readily isolated and proliferated in vitro for use in mesodermal cell differentiation [7].
Since stem cells (SCs) can self-renew and differentiate into multiple cell lines, they are
widely used for in vitro tissue engineering [8]. In contrast to CD34, CD45, and HLA-DR
on hematopoietic cell surface, CD44, CD90, and CD105 are found on the cell surface of
mesenchymal stem cells (MSCs) [9]. Unlike other cells, they grow easily in the culture
dish and even exhibit plastic adhesion ability. Furthermore, they possess intrinsic
differentiation abilities and secrete plenty of growth factors and cytokines [10]. Thus, in
vitro co-culturing with tumor cells can inhibit tumor cell growth [11]. Over the past few

years, MSCs have shown suppressive effects on a variety of tumor types through the
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regulation of cell signaling, progression of the cell cycle, induction of apoptosis, and the
engraftment of immune cells [12]. New research indicates that MSCs can be genetically
engineered to produce antitumor molecules such as interferon (INF) and tumor necrosis
factor-related apoptosis inducing ligand (TRAIL) and that they could be used to generate
therapeutics such as cytokines, apoptosis inducers, and prodrugs [3]. AD-MSCs that
expressed TRAIL were active against myeloma in vitro and significantly increased
myeloma cell death [11]. Our current study illustrates a proposed a target therapy strategy
to see if fragmented AD-MSCs may cause cell death of hepatoma cell line (either
apoptosis or necrosis) and reducing the viability and proliferation of human HepG2 and

Huh7 cell lines in vitro

MATERIALS AND METHODS

2.1.Materials

Acridine orange, Ethidium bromide (AO/EB), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), RPMI-1640, fetal bovine albumin (FBS),
collagenase type Il Ethylenediaminetetraacetic acid (EDTA) and phosphate buffered
saline (PBS) were used in this study and purchased from Sigma-Aldrich (St. Louis, MO,
USA). The human HCC cell lines (HepG2 and Huh7) (Nawah-Scientific, Egypt) were
cultured in RPMI-1640 growth medium supplemented with 1% antibiotic mix (10.000 u
penicillin/ml, and 10.000 u streptomycin/ml ) and 10% FBS at 37 °C under an
atmosphere of 100% humidity and 5% CO..

2.2. Isolation and culture of AD-MSCs

Isolation of AD-MSCs from the fat tissue of healthy male rats were done following
the previous study done by Atia et. Al. [13] Briefly, the adipose tissue of adult male rats
was sliced into pieces, washed in sterile PBS. Following enzymatic digestion, the tissues
were treated with collagenase type Il (0.25 percent in PBS with 20% FBS) for 45
minutes. During digestion at 37°C, the Falcon tubes (50 mL) were rotated every 10
minutes for 20 minutes, after which the collagenase activity was stopped by adding FBS.

After centrifugation (micro, ultra —centrifuge,), the AD-MSCs were reconstituted in 12
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mL culture media. A cell strainer (40 mm) was used to filter the suspension before
plating it on 10-cm culture dishes. For approximately two weeks, the cells were cultured

at 37°C with 5% CO2. Three passages of AD-MSC transplantation were performed.
2.3. Cell Culture procedure.

The Cell lines (HepG2 and Huh7) were handled under aseptic conditions according
to the standard method with a 1% anti-biotic mix. Both cell lines were cultured in RPMI
1640/10%, FBS at (37 °C, 5% CO2 in a 100% humid atmosphere. Every 2-3 days, media
resupply under the same conditions was carried out. Cells were grown in plate culture

and used at the exponential growth phase for experiments.

2. 4. Study design

Human hepatoma cell lines were used in this study. HepG2 and Huh7 cell lines
are subdivided into three groups. G (1): as a control group for HepG2 or Huh7 cell lines
(2x10%cells/well) with DMSO 0.2%. G (2): HepG2 or Huh7 cell line (2x10%cells/well)
treated after 1 hour with fragmented frozen AD-MSCs (6x10%cells) at a concentration of
1:15 pL. G (3): HepG2 or Huh7 cell lines (2x10%ells/well) treated with fragmented
frozen AD-MSCs (6x10%cells) at a concentration of 1:30 pL.
2.5. Cell cultures of fragmented AD-MSCs, HepG2 and Huh7 cells preparation

When AD-MSCs reach to P3 of growth, cell culture flasks transferred from CO2
incubator to -80 C for freezing for two hours. Cell cultures were hit carfely and thawed at
room temperature. All contents of cell flasks were collected into centrifuge tubes and
centrifuged at 10000 rpm for 10 min. pellets of AD-MSCs were collected into 1.5 ml
eppendorf tubes and kept in -80 C for further use. Then pellet resuspended in 15 and 30
uL of RPMI 1640/10%, and FBS. The incubation of different concentrations of
fragmented frozen AD-MSCs on HepG2 and Huh7 cells were seeded in 96-well plates at
a density of (2x10°cells/well) [14].

2.6. Immunocytochemistry (ICC)
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Samples were treated in 4% paraformaldehyde for 20min. The cells were washed
three times for five minutes each with PBS. They were lysed in PBS with fresh 0.2%
Triton X100 for 5 min until being washed three times for 5 min each. Following the
protocol, a secondary antibody HRP Anti-Polyvalent (AEC) stain was also used.
Additionally, non-specific background staining was minimized by incubating the slides
for 10 min in a blocking buffer and then rinsing them twice with PBS. The slides were
then incubated for one hour at room temperature with primary antibodies against CD105,
CD90 (2:100), and CD45 (1:100) until they were washed four times for 5 minutes each
with PBS buffer. A 10-minute incubation at room temperature with the Ultra-Tek anti-
polyvalent stain was followed by four rinses. A few minutes later, the cells were
counterstained and cover slipped after adding DAB chromogen to the DAB substrate mix
as previously described [13,15].

2.7. Cell viability assay

In vitro, MTT were used to detect the effect of AD-MSCs on cell viability,
survival, and growth in a variety of human HCC cell lines. as previously described [16].
2x10°%cells/well of Hep G2 and Huh7 cells were seeded in 96-well plate and cultured for
1-2 days. Following incubation with 15 pL and 30 pL fragmented AD-MSCs, instead of
the 200 pl growth medium were used, supplemented with 50 pul of MTT (2 mg/ml) for 3
hours. In 200 pl of DMSO the crystals formed from the formazan reaction were dissolved
and measured the absorbance. A microplate reader (Bio Tek ELISA Plate Reader (Bio
Tek Instruments, Inc., Highiand Park, Winooski, VT 05404-0998, USA) was used to
measure absorbance at 570 nm wavelength after incubation. Cell viability is calculated as

a percentage of control cells exposed only to DMSO.
2.8. Dual fluorescent dye for AO/EB

The dual fluorescent dye Acridine orange/Ethidium bromide (AO/EB) assay was
performed to visualize apoptosis which emit green and orange fluorescence when they
bind to DNA in a cell suspension of 2.0 x 10° cells/ml following other research group
[17]. In 12 wells plate, HCC were incubated with fragmented AD-MSCs in suitable
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concentrations for 24 h. In summary, treated cells were washed in 200 pL of warm 1X
PBS, resuspended in 150 pL of AO/EB dye for 5 minutes, rinsed in 400 pL of 1X PBS,
centrifuged (micro, ultra —centrifuge) at 277 x g for 2 minutes at room temperature,
resuspended in PBS, and examined under a fluorescence microscope. A 20X objective
lens of NA 0.40 with total 200X magnification in  Olympus BX41 fluorescence
microscope with a 480/30 nm excitation filter and a 535/40 nm emission filter was used
for examining samples mounted with moviol/DABCO. Toup Tek ToupView, Version:
x86, Compatible with Windows XP/Vista/7/8/10, China, was used to capture the images
and differentiate between living and apoptotic cells with bright green indicating intact
nucleus. Apoptotic cells recognized as proapoptotic if chromatin is dense green and late

apoptotic if chromatin is orange, and necrotic if the nucleus is red .
2.9. Statistical analysis

The statically analysis for cell viability (apoptosis or necrosis) were analyzed using
Prism version 8.4.3 (686) (Graph Pad Software, San Diego, Inc., USA). A two-way
ANOVA with repeated measures was conducted, followed by the Student t-test (Student-
Newman-Keuls test T-test) multiple comparison tests to assess the differences between
the three classes, with significance determined at P < 0.05. The data were expressed as

mean + SE from at least three separate experiments.

RESULTS

3.1. Characterization of AD-MSCs.

AD-MSCs were observed to be circular and suspended since day 0 of culture Fig.1
(a). The cells formed thin attaching spindles another day after differentiation Fig.1 (b). In
passage one (P1), some AD-MSCs appeared spindly Fig.1 (c); in passage two (P2),
smaller colonies formed Fig.1 (d); and in passage three (P3) fibroblastic cells appeared
Fig.1 (e). The immunocytochemistry of AD-MSCs at P3 for CD105 is illustrated in Fig.
2 (a & b) and CD90 Fig. 2 (c & d) showed a strong positive detection as brown dots in

nuclei and cytoplasm. In contrast, CD45 were appeared negative reaction Fig. 2 (e & f).
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Fig. 1. Photomicrographs of AD-MSC recognition utilizing phase contrast microscopy
at various times and passages. (a) Day zero were showed AD-MSCs circular and
suspended; (b) PO at 3 days, The cells formed thin attaching spindles; (c) P1, some AD-
MSCs appeared spindly; (d) P2, smaller colonies formed; (e) P3, fibroblastic cells
appeared and arrows head detect an AD-MSC.
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CD105

00pm

CD90

CD45

Fig. 2. Photomicrographs of Immunocytochemistry staining of cell surface markers of
AD-MSCs: There is high positive expression for CD105 (a &b), CD90, (¢ &d), and
negative expression for CD45 (e &f).
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3.2. Cultural morphology of AD-MSC, HepG2 and Huh-7 cells

The cell culture morphology of AD-MSC resembled an attached fibroblastic
appearance on the 3rd passage Fig.3 ('a). HepG2 cells have a high proliferation rate and
an epithelial-like morphology Fig.3 (b). A Huh-7 (mutation in the p53 gene) is an
immortal epithelial-like tumorigenic cell line adhere to flasks or plates Fig.3 ( c). Phase-

contrast photomicrography was performed using an inverted phase-contrast microscope.

[
f

B 5h
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Fig.3. Photomicrographs of inverted phase-contrast microscopically image showed cell
culture morphology of (a) AD-MSC in the 3rd passage, (b) HepG2 cell line 2 days after

culturing (c) Huh7 cell line 2 days after culturing.
3.3 AD-MSCs suppress cell line viability

Different concentrations; 1:15 ul and 1:30 ul of fragmented AD-MSCs were applied
to a panel of HCC cell lines taken from human hepatoma to study its effect on cell
viability for 2 different durations; 24 &48h. An MTT assay was applied to demonstrate
the changes in cellular viability with dark purple coloration indicating high viability and
light coloration indicating low viability Fig. (4). There was a significant time and
concentration dependent decrease in the percentage of viable cells (p < 0.001) of HepG2
and Huh-7 cell lines incubated with fragmented AD-MSCs against the control group and
the HepG2 cells was less sensitive to fragmented AD-MSCs than the Huh7 cell
line Fig.5 (a&Db).

~ HepG2

24h
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Fig.4: Microliter plate after MTT test. Increase amount of viability cells with increase of
dark purple color indicates high viability (a) Controls Hepg2 &Huh7control wells (b)
HepG2&Huh7 cell line with fragmented AD-MSCs at 1:15 ul (¢ &d) HepG2&Huh7 cell
line with fragmented AD-MSCs at1:30 pl and each an incubation for 24 h and 48 h.

1501
-+ HepG2 control
%5‘; ~ HepG2 +AD-MSCs1:15
% 100 a— HepG2+AD-MSCs 1:30
=
S
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0 12 u 36 4
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=
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=
b
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0 12 b2} 36 48
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Fig.5 : Fragmented AD-MSCs (1:15 pl and 1:30 pl). Show decreased the viability of
HepG2 and Huh-7 hepatic cancer cells measured by MTT assay. Data represented the
mean + SE after 24 and 48 h of treatment. The values in the column with unlike

superscript letters were significantly different (p < 0.001).
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3.4 Apoptosis assay by AO / EB fluorescent staining

The AD-MSCs were tested for their anti-carcinogenic potential using the dual fluorescent
dye method AO / EB staining Figs. (6-8). Cells staining were variable from green
fluorescence to orange fluorescence corresponding to living to apoptosis or necrosis,
respectively. The control group (HepG2 and Huh7 cells) were shown no cell death; this is
evident by the full green and homogenate nucleus Figs. 6, 7 (a & b) and Fig.8 (a & b)
respectively. Fragmented AD-MSCs were used in the screening at a concentration of 1:15
ul for 24 h, which showed a fragmented nucleus with dense green or orange chromatin
colors appearing, which indicates the initiation early and late of cell death in HepG2 and
Huh7cells Figs. 6 , 7 (¢ & d) and Fig.8 (a & b) respectively. The AD-MSCs at 1:30 pl
for 24 h was increased the death percentage, and very little green fluorescence was
detected in HepG2 and Huh7 cells Figs. 6,7 (e & f) and Fig.8 (a & b) respectively. the
incubation of fragmented AD-MSCs with Huh7 cells at 1:15 pl or 1:30 pl were effective
in death more than HepG2 cells .
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HepG2 Control

HepG2+(1:15p1)AD-MSCs

HepG2+(1:30ul)AD-MSCs

Figs.6. Photomicrographs of fluorescence microscope images of Hep G2 cells stained
with AO/EB dual fluorescent dyes. (a& b) represent the control group, (c&d) represent
Hep G2 cells + 1:15 ul AD-MSCs while (e&f) represent Hep G2 cells + 1:30 ul AD-
MSCs . Note; L: living cell; PA: Proapoptotic; LA: late apoptosis; N: necrosis.
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Huh7+(1:15p1)AD-MSCs Huh7 Control

Huh7+(1:30pl)AD-MSCs

Fig. 7. Photomicrographs of fluorescence microscope images of Huh7 cells stained with
AO/EB dual fluorescent dyes. (a& b) represent the control group, (c&d) represent Huh7
cells + 1:15 ul AD-MSCs while (e&f) represent Huh7 cells + 1:30 ul AD-MSCs .

Note; L: living cell; PA: Proapoptotic; LA: late apoptosis; N: necrosis.
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Fig. 8 (a &b). AO/EB dual fluorescent dye Graphs of HepG2 and Huh7were used to
determine the control group, HepG2 or Huh7 cells + 1:15 pl fragmented AD-MSCs and

HepG2 or Huh7 cells + 1:30 ul fragmented AD-MSCs for 24 hrs. Note; L: living

cell; PA: Proapoptotic; LA: late apoptosis; N: necrosis.

Data expressed as mean = SE

from at least three separate experiments. Values in the same column with unlike

superscript letters are significantly different at P < 0.05.



88 Mona M. Atia etal.,

DISCUSSION

This research aims for assessment the effect of fragmented AD-MSCs on HCC
cell line growth in vitro, using HepG2 and Huh7 as hepatoma models, which were
detected by MTT and AO/EB. Prior studies have noted that the best alternative to bone
marrow-derived MSCs is AD-MSCs, which are easier to obtain in large quantities, can be
expanded indefinitely without phenotypic or genetic changes, and proliferate more
rapidly than BM-MSCs [18].

Due to their production of growth factors and cytokines, AD-MSCs and HepG2 can
interact via the cell culture insert [19,20]. The most notable finding was that
immunocytochemistry of AD-MSCs at P3 for CD105 and CD90, in contrast to CDA45,
indicates the presence of AD-MSCs. The expression of AD-MSC surface markers is in
line with those of other similar studies [13,21,22]. Experiments have shown that isolated
hMSCs between P2- P3 will produce adequate cells for analysis. These previous studies
are in agreement with our findings on CD90 and CD105 characterization of adipose
mesenchymal stem cells [23,24]. Isolated and characterized AD-MSCs from male rat
adipose tissue that appeared to have fibroblastic morphology have been previously
reported [13,25].

The most interesting finding was that the effects of fragmented frozen AD-MSCs
on HCC cell line viability this agrees with the report of [22]. Moreover, this finding is
consistent with that of Xiaoli Zhang,2021[26] who found that MSCs can homing to TME
(tumor microenvironment) in in vitro and animal models studies. Highly tumorigenic
HCC cells increase MSC migration capacity, making them an ideal carrier for targeted
liver cancer therapy [27,28]. Interestingly SKOV-3 and A2780 ovarian cancer cells were
inhibited by exosomes extracted from human AD MSC-derived conditioned medium.
Exosome treatment also resulted in a reduction in cancer cell viability and wound healing
[25,29].

Another important finding discovered the dual fluorescent dye AO/EB assay was
performed to visualize apoptosis induced by fragmented AD-MSCs, which emit green

and orange fluorescence. This result may be explained by the fact that Apoptotic cells
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with intact membranes may have been penetrated by AO, which turns green when bound
to DNA. An orange-red fluorescence is produced only when DNA fragments or apoptotic
bodies are bound to EB this finding was also reported by [17,30]. AO/EB dual
fluorescent dye assays revealed to increase the initiation of cell death This observation
may support the hypothesis that fragmented AD-MSCs could induce cell death by
reducing the in vitro cell viability and proliferation of HepG2 and Huh7 cells based on a

concentration-and time-dependent manner.

A possible explanation for this might be that AD-MSCs derived Exosomes
enhanced pro-apoptotic signaling molecules Bax, caspase 3 and caspase 9 while
significantly reducing anti-apoptotic bcl-2 protein [23]. In addition, these findings follow
those of Tang (2016) [22], who found that umbilical cord derived mesenchymal stem
Cells (UC-MSCs) effectively inhibit HepG2 cell proliferation. UC-MSCs also promote
apoptosis by reducing the expression of genes such as AFP, Bcl-2, and Survivin, all of
which contribute to apoptotic signaling pathways. Bone marrow MSC and Their
condition medium (CM) has been demonstrated to have anti-tumor cells [31]. The
activation of the BAX gene causes the mitochondrial membrane to become more
permeable, resulting in the release of the apoptotic factor cytochrome c, which induces
cancer cell death [32]. A closer look at AD-MSC in vitro HCC therapy could lead to
more effective treatments with the ultimate level of safety.

CONCLUSION

In the light of this study, the fragmented AD-MSCs have cytotoxic effect on viability
and growth of HepG2 and Huh7cell lines by inducing cell death (apoptosis or necrosis).
to the extent of our knowledge , There is few studies previously done in this field. This
study will open the door for more experimental researches to develop new strategies in

cancer management.
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