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KEYWORDS ABSTRACT

Elastic modulus, Deformation of cells and changing in mechanical specifications is one of the most important
Cancerous cell, of cancer as serious illness. In fact, variation of mechanical properties of the cells is one of
Mechanical specifications, the important effects of the cancer. Here, the mechanical specifications of normal and
Skin cell, cancerous skin cells have been studied. HU02, A-375 and A-431 as the normal and cancerous
Atomic force microscope. skin cells respectively have been investigated. The mechanical specifications including

elasticity modulus and adhesion have been obtained using nanoindentation using JPK
Instruments-Nano Wizard 3 atomic force microscope (AFM). The JPK SPM Data Processing
software (v.5.0.96) was used to obtain the mechanical specifications. The results show that
cancer can decrease the elasticity modulus of the cells to half in skin and increases the
adhesion up to 38 times rather than normal cells. The cancerous cells are more adhesive
than normal cells. The height of the cancerous cell is greater than normal cell.

Extended Abstract

1. Introduction

AFM indentation on cells is a convenient approach to investigating their mechanical specifications. AFM was invented

by Gerber et al. [1] in 1986 and is a powerful device for detecting the mechanical specifications of the body cells. In
the past, the deformability of cells has been studied with different methods [2, 3], as changes in cellular deformability are of
significant importance in the progress of various illnesses [4]. Nowadays, the development of measurement methods such as
the AFM technique allows for investigating the mechanical specifications of a single cell. Lekka et al. [5] studied the
mechanical specifications of human bladder cancer cells for the first time. Other authors have achieved results using
nanoindentation by AFM. Larger deformability of single cancerous cells can be shown based on future studies on cell
mechanical specifications [12-14, 17].

A n atomic force microscope (AFM) is used to investigate organic samples, ranging from molecules to a single cell. The

2.Experimental Method

2.1.  Atomic Force Microscope (AFM)

Figure 1 displays an AFM system for a living cell indentation in contact mode. In the contact mode, the interaction force
deflects the beam. The tip has a conical shape (figure 2). Based on Figure 3, when the AFM beam approaches the sample at a
specific distance, the attractive force dominates the AFM beam spring constant, and the tip jumps into contact.
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Figure 1 Schematic of atomic force microscope (AFM) for nanoindentation

Figure 2 A conical tip as the AFM indentor
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Figure 3 Approach and retraction strokes during AFM nanoindentation

2.2. Materials

A-431 cell line as the skin cancerous cell purchased from Pasteur Institute of Iran (Tehran, Iran). A-375 cell line and HU02
cell line as the skin cancerous and normal cells respectively purchased from Iranian Biological Resource Center (IBRC, Tehran,
Iran).

2.2.1 HUO02: Human foreskin Fibroblasts are derived from the Iranian human skin [20].

2.2.2 A-375: Obtained from a 54-years-old female donor with malignant melanoma skin cells [21].

2.2.3 A-431: The epidermoid carcinoma cell line A-431, was derived from an 85-year-old female with epidermal carcinoma
[10].

2.3. Calculating mechanical specifications of living cells using AFM

A JPK Instruments-Nano Wizard 3 AFM (Germany, Figure 4) and APPNANO HYDRAGV-100NG-20 probe (the USA,
Figure 5) were used to study the samples.

Mechanics of Advanced and Smart Materials Journal 2(3) (2022) 299 — 309
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Figure 4 JPK Instruments-Nano Wizard 3 AFM Figure 5 Silicon nitride V shaped AFM cantilever (APPNANO
HYDRAGV-100NG-20)

3.Results and discussion

Tables 1 and 2 and figure 6 compare the elasticity modules of cancerous cells with the normal cell (MRC-5) for the skin.
Based on these data, the cancer disease for the skin can reduce the elasticity modulus of the cell up to approximately one second
value in normal cells (A-431).

ER — §Cancer (1)
Normal
Ad Cancer
Ad,, = ——Cancer (2
K Ad Normal

Table 1 Elasticity modules of normal and cancerous skin cell lines for extend regime.

Cell line Elasticity (kpa), min Elasticity (kpa), max Elasticity (kpa), mean
HUO02 15 4 2.772
A-375 1 1.55 1.308
A-431 0.7 1.65 1.192

Table 2 Egfor normal and cancerous skin cell lines for extend regime

Cell line Cell type ER, Extend regime
HUO02 Normal e
A-375 Cancerous 0.472
A-431 Cancerous 0.43
Table 3 Adhesion of normal and cancerous skin cell lines for retraction regime
Cell line Adhesion (pN), min Adhesion (pN), max Adhesion (pN), mean
HUO02 0 2 1
A-375 0 70 34
A-431 0 85 38

Table 4 Ad g for normal and cancerous skin cell lines for retraction regime

Cell line Cell type Adp, Retraction regime
HU02 Normal s
A-375 Cancerous 38
A-431 Cancerous 34

Mechanics of Advanced and Smart Materials Journal 2(2) (2022) 123-133
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Figure 6 The elastic modules of normal and cancerous skin Figure 7 The adhesion of normal and cancerous skin cells
cells
Table 5 Maximum recorded height of the different cells
Cell line Height (M)
HUO02 14
A-375 3
A-431 4
8 18 140 - 140
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[6] Youna's Modulus (kPa) [6] Young's Modulus (kPa)

Figure 8 The histogram of the elasticity modules HU02 as Figure 9 The histogram of the elasticity modules A-431 as
cancerous lung cell in extension regime cancerous lung cell in extension regime

4, Conclusion

In this paper, the mechanical properties of HU02, A-375 and A-431 as the normal and cancerous cells have been
investigated. The results show that cancer can decrease the elasticity modulus of the cells to half in skin and increases the
adhesion up to 38 times rather than normal cells.
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