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Elastic modulus, In the present investigation, the mechanical properties of mesenchymal stem cells (MSC) and
Carcinomatous cell, carcinomatous cells of bone tissue (MG-63 and SAOS-2) has been studied applying AFM. Based
Chemo treated, on the sufficient similarity of mechanical characterizations of normal human osteoblast cells
Plasma treated, (NHOst) with mesenchymal stem cells (MSC), MSC have been applied instead to NHOst. Due to
Atomic force microscope. the outcomes, the elastic modules of MG-63 and SAOS-2 are lower than MSC. The elastic

modulus of MG-63 and SOAS-2 cells were estimated before and after chemo and plasma
treatment. MTT appraisal has been applied to define the convenient dosages for 24- and 48-h
incubations due to the IC50 cell viability concentration. The elastic modules of MG-63 (917 Pa)
and SAOS-2 (697 Pa) cell increase to 1.72 (1579 Pa) and 5.44 (4985 Pa) (after 24, 48 h) times
compared to untreated MG-63 cell and 1.15 (802 Pa) and 7.49 (5225 Pa) (24, 48 h) times compared
to untreated SAOS-2 cell. The plasma treatment increased the elastic modules of MG-63 and
SAOS-2 cells. In the second section, the resonant frequencies and enlargement of the frequency
response function of the AFM beam’s motions have been analyzed using FEM and experimental
procedures by AFM. The outcomes displayed that raising the specimens’ hardness raises the
resonant frequency. Lastly, the FEM and experimental outcomes have been evaluated and
displayed the good agreement.

Extended Abstract

1. Introduction

he mechanical properties of cancerous cells differ from those of healthy cells. These differences include

stiffness, viscoelasticity, and deformability [3, 4]. One way to detect the mechanical properties of cells

is by using an Atomic Force Microscope (AFM), which can provide images with nanometer resolution
[1, 3]. The object of this research is to study the influences of chemo-drugs and Cold Atmospheric Plasma (CAP)
on the mechanical specifications of human bone cancerous cells (MG-63 and SAOS-2) and compare them to the
mechanical specifications of healthy cell (MSC). Additionally, the effects of these two methods on cells have been
compared with each other. During the next section the method and material are explained. Then the results of
analysis were presented. Finally, the result obtains from this research highlight.
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2. Experimental Method

2.1. Materials
Mesenchymal stem cells (MSC) was produced from ROYAN institute of Iran. Carcinomatous bone cells
were obtained from the Pasteur Institute of Iran (Tehran, Iran), containing MG-63 and SAOS-2 cell lines (Table 1

Table 1. Bone cells description

Cell line Cell type Cell explanation
. The osteoblast cell has been resulted from a 14-year-old white male patient with osteosarcoma.
MG-63 Carcinomatous 126]
SAOS-2 Carcinomatous The osteoblast cell has been resulted from an 11-year-old Caucasian female with osteogenic
sarcoma [27]

2.2. Results and discussion for mechanical behavior of bone cells

Table 1 show the elastic modules of MSC, MG-63 and SAOS-2 before and after chemotherapy and plasma
treatment, respectively. According to Table 2, the elastic modulus of MG-63 and SAOS-2 as a carcinomatous cell
is smaller than MSC as normal cell. It is according to the expectation about cancer illness.

Table 2. Elasticity modules of bone cells for extend stroke

Cell line Elasticity (Pa), min Elasticity (Pa), max Elasticity (Pa), mean
Mesenchymal Stem Cells (MSC) 200 2400 1898
MG-63 820 1020 917
SAOS-2 400 1100 697
MG-63, CT, 24h 1500 1700 1579
MG-63, CT, 48h 1000 7500 4985
SAOS-2, CT, 24h 600 1000 802
SAOS-2, CT, 48h 3000 8000 5225
MG-63, PT, 24h, 20s 0 14000 5192
MG-63, PT, 24h, 30s 1000 7000 4277
MG-63, PT, 24h, 60s 0 20000 3573
MG-63, PT, 48h, 20s 0 16000 6605
MG-63, PT, 48h, 30s 2000 20000 6938
SAOS-2, PT, 48h, 60s 3500 25000 8957
SAQS-2, PT, 24h, 20s 0 10000 3239
SAOS-2, PT, 24h, 30s 0 16000 3336
SAQS-2, PT, 24h, 60s 0 11000 3574
SAQOS-2, PT, 48h, 20s 0 8000 3893
SAOS-2, PT, 48h, 30s 0 9000 4926
SAOS-2, PT, 48h, 60s 0 11000 9421

3. Results and discussion for Dynamic Behavior of AFM Beam

Table 3 compares the amounts of resonant frequencies and the amplitude of the FRF for the normal movement
of the AFM cantilever applying FEM (by JPK AFM) methods. The comparison displays convenient agreement
between the both methods.

Table 3. Evaluation for the resonant frequencies of AFM beam by assuming bone cells before and after treatment
as the samples between the FEM and experimental procedures by AFM

Cell line 15t Resonant Frequency, Hz ~ 2™¢ Resonant Frequency, Hz  37¢ Resonant Frequency, Hz
Mesench{aaélcs)tem Cells 9.96% 8.320% 4.91%
MG-63 2.29% 22.24% 1.98%
SAOS-2 2.44% 23.44% 1.17%
MG-63, CT, 24h 3.68% 11.49% 2.66%
MG-63, CT, 48h 0.8% 14.17% 5.98%
SAOS-2, CT, 24h 3.2% 17.49% 16.36%
SAOS-2, CT, 48h 0.36% 13.61% 5.87%
MG-63, PT, 24h, 20s 0.78% 14.11% 6.26%
MG-63, PT, 24h, 30s 0.24% 13.92% 5.76%
MG-63, PT, 24h, 60s 3.99% 11.05% 2.91%
MG-63, PT, 48h, 20s 0.19% 12.71% 6.21%
MG-63, PT, 48h, 30s 0.69% 13.08% 5.60%
MG-63, PT, 48h, 60s 0.42% 11.71% 0.2%

4. Conclusion

The mechanical behavior of human bone cells, involving MSC (healthy) and MG-63 and SAOS-2 (cancerous)
cells, were studied in this investigation. Cancerous cells were treated with chemo (by Cisplatin drug and 24 and
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48 h periods), and plasma treatments (24h [20, 30 and 60 s] and 48h [20, 30 and 60 s]. Based on the outcome,
using the chemo and plasma treatments increase the young’s modulus. During the second part of the investigation,
the resonant frequencies and amplitude of the FRF of the AFM’s beam with normal movement were studied
applying the cells. The outcomes showed that the resonant frequencies of chemo and plasma treated cells were
greater than control group. The comparison of the FEM and experimental outcomes showed a good agreement
between them.
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3.655 Sl 6938 20000 2000 MG-63, PT, 48h, 30s
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1.706 Sl Olggel 3239 10000 0 SAQS-2, PT, 24h, 20s
1.757 Sl gl 3336 16000 0 SAOS-2, PT, 24h, 30s
1.883 Sl el 3574 11000 0 SAOS-2, PT, 24h, 60s
2.051 Sl gl 3893 8000 0 SAOS-2, PT, 48h, 20s
2.595 Sl Olggel 4926 9000 0 SAQS-2, PT, 48h, 30s
4.963 Sl el 9421 11000 0 SAOS-2, PT, 48h, 60s
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