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Abstract: The mechanical properties of single cells have been recently identified 
as the basis of an emerging approach in medical applications since they are closely 
related to the biological processes of cells and human health conditions. The 
problem in hand is how to measure mechanical properties in order to obtain them 
more accurately and applicably. Some of the cell’s properties such as elasticity 
module and adhesion have been measured before using various methods; 
nevertheless, comprehensive tests for two healthy and cancerous cells have not 
been performed simultaneously. As a Nanoscale device, AFM has been used for 
some biological cells, however for breast cells, it has been utilized just to measure 
elasticity module. To provide a more accurate comparison for the healthy and the 
malignant cancer cells of breast, mechanical properties of MCF-10A cells such as 
topography, elasticity module, adhesion force, viscoelastic characteristics, 
bending and axial rigidity were determined and compared to the MCF-7 cells 
results obtained in previous works. Results revealed that the healthy breast cells 
are stiffer and less adhesive in comparison with the cancerous ones. Topography 
images revealed that cancerous cells have bigger radii. These results can help with 
the diagnosis of malignant cancer cells and even the level of the disease. 
 
Keywords: Healthy breast cell; breast malignant cancer cell; cell mechanical 
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1 Introduction 
Through the increasingly growing breast cancer occurrence and the importance of its prevention and 

diagnosis, many different methods have been used to tackle it. There are various devices hired to measure 
biological cell’s different properties, one of which is atomic force microscopy (AFM) [16]. The advantage 
of AFM over other methods is its capability to present information about other properties such as adhesion 
distribution, friction, elasticity module, viscoelastic characteristics and surface topography [10]. AFM 
function in the case of soft surfaces, such as cells and polymers, has some complexities; Weisenhorn et al. 
obtained force-distance and force-indentation depth curves for elastomers, rubbers and biological cells in 
contact moments and extracted the parabolic curves. Then the elasticity module was obtained according to 
the existing theory. Finally, the force range in which the best clarity existed was represented [20]. 

Vinckier and Semenza measured the elasticity module of biological materials using AFM. Utilizing 
Hertz theory, they extracted the way to obtain elasticity module and then attempted to measure it for 
biological cells and soft matters via AFM [19]. Ikai et al. reviewed Nano-mechanical methods using AFM; 
they obtained the elasticity module using Hertz theory and indentation data [7]. Park and Lee measured 
mechanical properties in three distinctive parts of a Muller cell. To do so, the AFM tip was put in touch 
with three separate parts of the cell so that the force-indentation depth curves were extracted [14]. 

Adhesion force behavior can be related to van der Waals and capillary forces between AFM tip and 
surface. There is no capillary force in dry or vacuum environments; otherwise, due to the environment 
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humidity, there will be a capillary force, which affects the interaction between tip and surface. The capillary 
force magnitude depends on the tip-sample distance. The magnitude and direction of the force inserted by 
the cantilever are related to its deviation and spring constant value [13]. 

The most basic applications of AFM are geometry, mechanical properties recognition and 
manipulation of biological cells. Kasas et al. studied mechanical properties such as elasticity module, 
poison’s ratio and adhesion of biological cells such as virus, bacteria, yeast, herbal cells and some 
mammalian cells by AFM [8]. Li et al. calculated that the mechanical properties of the red blood cell and 
three distinct types of cancer cells using AFM. Force-displacement curves showed that the elasticity module 
of a red blood cell, as well as its diameter, is less than those of three types of cancer cells [11]. 

Lee et al. calculated the breast cancer cells properties using force-displacement curves obtained by 
AFM. Results illustrated that the elasticity module for breast cancer cells is lower than the one of a healthy 
cell [12]. Faria et al. tried imaging and recognition of three different types of prostate cancer cells’ 
properties. Cancer cells were cultivated in different days and Hertz spherical elastic theory was used for 
force-displacement experimental curve [3]. Hui et al. represented a contact model for viscoelastic spheres 
using the JKR model. Their numerical simulation was confirmed by the previous experimental results [6]. 

Cartagena and Raman investigated the local viscoelastic properties of living cells using dynamic and 
quasi-static models based on AFM. In this study, the force gradient and losses on fibroblast cells in buffer 
solutions were reconstructed using Lorentz force-excited cantilevers. Finally, stiffness and viscoelastic 
properties were measured locally and the difference between the spring force and the viscosity of material 
were obtained [1]. Zhai and McKenna modeled the viscoelastic contact problem of Nano-sphere and 
polyester surface in indentation tests. Illustrating limitations of the analysis achieved just by one load 
indentation curve, they represented that this method does not suffice for determining total range of polymer 
viscoelastic response [21]. 

According to different internal parts of cell and various arrangements of them based on cell properties 
and their floatation inside the cell cytoplasm, it is possible that cell mechanical properties in different points 
would be different; on this path Park and Lee investigated Muller cell’s local changes of elasticity modulus 
using AFM [14]. 

Biochemical therapies effect on cell-cell adhesion and individual cell mechanics was investigated by 
AFM. The tip-less cantilever was used to connect cells. Cell-cell adhesion parameters such as maximum 
separation force and work of adhesion were extracted from the force-displacement curves. Puech et al. 
measured adhesion properties of zebrafish single cells to substrates and concluded that extracellular 
connections affect intracellular signaling [15]. 

In this paper, mechanical properties of healthy and cancerous breast cells were extracted using existing 
theories and experimental data from AFM tests.  Then they were processed using AFM software, Matlab and 
Microsoft Excel. The novelties of the work include a comprehensive comparison between MCF-7 and MCF-
10A cells’ mechanical properties using atomic force microscopy as a nanoscale device. Viscoelasticity 
parameters of cells have been extracted which can be applied in modeling of the contact moment and 
manipulation process. These properties include elasticity and viscosity of the cell and also its creep function 
which can be applied in mechanical models to provide more accurate modeling and simulation of the contact 
moment and the manipulation process.  Moreover, adhesion of the cell to the AFM tip has been investigated; 
applicable in the estimation of the sliding moment of the tip on the cell during manipulation. In general, results 
are important for the diagnosis of cancerous cells which can help avoid the disease’ progress. Besides, since 
this research is the basis of the further researches such as cell manipulation to the specified point and using 
results for in vitro and in vivo procedures, other mechanical properties needed such as bending and axial rigidity 
were also extracted. All these tests have been performed on three different points to find the best point for 
starting the manipulation which avoids cells’ damage. 
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2 Theory 
In this section, theories have been used to estimate the mentioned parameters that are explained. In 

these theories, assumptions are applied to simplify the calculation process. 

2.1 Biological Cell Elasticity Module  
In order to calculate cell elasticity module, force-indentation depth equations of the contact model 

should be rewritten in terms of elasticity module. While tested cells have extended geometries, to simplify 
the problem, they are considered spherical. Two spherical bodies in contact with R1 and R2 radii have the 
effective radius defined as: 

1 2

1 1 1
R R R
= +


  
(1) 

If elasticity modules of two particles are 1E  and 2E , then the effective elasticity module will be 
defined by: 

1
𝐸𝐸∗

=
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 (2) 

In which υ is the poison’s ratio. Considering the Hertz contact model for two spheres in contact, the 
effective elasticity module for spherical geometry is as follows [5]:  

*
1.5
Hertz
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  (3) 

Finally, the cell elasticity module can be calculated using Eq. (2); having AFM tip data and cell 
poison’s ratio. 

2.2 Adhesion Force Between Cell and Tip 
AFM tip-sample interaction is used to measure the surface adhesion force. Adhesion force magnitude 

between particles equals the force needed to separate them. Engaged forces between tip and sample surface 
lead to deflection or deviation of a cantilever and during sweeping, a detector determines the cantilever 
deflection. Through converting deflection to force unit, engaged forces between tip and surface are 
calculated. Reliable results of adhesion force obtained through AFM cantilever bending needs precise 
calibration of spring constant [18].  
 
2.3 Viscoelastic Characteristics of Biological Cell 

Obtaining viscoelastic properties can increase the precision of cell mechanics. Assuming that the 
resultant frequency from cantilever Lorentz force is near the first frequency response, the governing 
equation of tip motion ( )q t  when oscillates far from the particle surface is [6]: 

2

sin( )1 mag dr

far far far cant

F tq q q
Q k

ω
ω ω

+ + =




  (4) 

where farω  is the cantilever resonance frequency (rad/s), 
farQ  is the quality factor far from the surface, drω  

is the cantilever driving frequency (rad/s), 
magF  is the magnitude of the magnetic excitation force, cantk  is 

calibrated cantilever spring constant and q  is tip velocity.  
Using Eq. (4) and data extracted from the experiments, viscoelastic parameters of the Kelvin-Vogit 

model can be obtained as [6]: 
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where 1farA  is oscillation amplitude, 1farφ  is the phase lag far from the sample surface and 𝜔𝜔𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  is 
cantilever resonance frequency near the sample. Since forces and displacements are equivalents of stresses 
and strains, accordingly stress parameters of Kelvin-Voigt can be obtained from force ones. It is obvious 
that 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the stress equivalent of  𝑘𝑘𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑and the stress equivalent of  𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑will be the viscosity 

coefficient 𝜂𝜂𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠. 
As mentioned before, the indentation depth and the tip-sample interaction force are composed of two 

parts which are related to quasi-static and dynamic force. Based on those  parts, stress and strain are defined 
as follows: 

2,
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where sR  is sample radius, and dynamica  is contact surface radius. Indentation causes depth and contact 

radius which can be related by Eq. (7) according to Hertz viscoelastic theory developed in previous sections: 
2a

R
δ =



  (7) 

where R  is effective radius defined previously. Since 0 dynamicδ δ δ= + , the contact radius can also be 

divided in two parts, 2 2 2
0 dynamicaa a= + . According to continuum mechanics for the Kelvin- Voigt model, 

the relations between stress and strain in model branches, spring and viscosity branches, and total applied 
stress and strain  are: 

,dynamic d s dynamic d sε ε ε σ σ σ= = = +   (8) 

where sε   and dε  are related to spring and viscosity, respectively. sσ   and dσ are also related stresses of 
spring and viscosity. Strain-stress relation for spring and viscosity branches are 

s sample sEσ ε=  and 

d sample dσ η ε= 

, respectively. 

According to strain equality in two branches, it can obviously be concluded that contact radii due to 
each stress are also equal; so, if dynamica , sa  and da  are respectively the contact radii of dynamic 

indentation, spring and viscosity forces, this relation  is established as follows: sdynamic da a a= = . Finally 

the relation for obtaining Kelvin- Voigt stress parameters is: 
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3 Experiemnts Methods 
In this part, the experiments, their results and the comprehensive analysis will be presented. In general, the 
process of conducting the test is shown in Fig. 1. 
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Figure 1: Experimental test flowchart  

3.1 Sample Preparation 
3.1.1 MCF-10A Preparation 

MCF-10A healthy breast cells were prepared in IBRC from a 36-year-old female. Cells were 
maintained in PHR-free DMEM/F12 culture medium, a week before the test. MCF-10A cells were provided 
in a volume of 70 ml and in order to separate them, 50 ml was kept in another test tube and the rest was 
poured away. The sample was washed out by PBS and 2 ml Trypsin was added. After keeping it 3 minutes 
in the incubator to complete the separation operation, 10 microliters of the sample dropped on the mica 
surface. Then, a special cap was put on the sample to prevent dusting.  

3.2 Devices and Initial Parameters 
The tests were performed using ARA-AFM model No. 0101/A with the stimulation frequency of 278 

Hz. We tried to indent the cells about 50 nm to avoid cell damage.  
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4 Results 
4.1 Cell Imaging and Topography 

After locating the sample on its special position, a probe processes to identify surface properties. Then, 
processed images will be transferred to the computer connected to atomic force microscopy. Images are 
saved and recorded using the AFM software.  

Geltmeier et al. reported the MCF-10A cells’ volumes in  3678 1317 mµ–  range [4]. Considering 
spherical geometry for these cells and careful attention to Fig. 2 specified that the tested cells are in this 
range so it can be said that we correctly identified MCF-10A cells. 

 
(a) MCF-10A cell 

 
(b) Cell 3D topography 

 
(c) Cell surface profile 

Figure 2: The overal view of the MCF-10A cell (a-c) 



MCB, 2019, vol.16, no.2                                                                                                                                                 115 

4.2 Elasticity Module 
In this part, the experiment involves obtaining force-indentation curves for MCF-10A cells and the 

curves of three points with different thicknesses were obtained for six MCF-10A cells where three of less 
noisy cells were chosen. The elasticity modulus of each cell in three specified points were extracted using 
Hertz elastic theory while the cells were considered spherical.  

The aim was to obtain changes rate of elasticity module in 3 points of a cell using existing theory and 
the assumption of the known poison’s ratio. 
 

     

Figure 3: The indented points of the MCF-10A cells 

Cells are considered spherical with the poison’s ratio of 0.4999 [4]. Having a spherical geometry, the 
atomic force microscopy probe has a poison’s ratio of 0.27. The results based on Hertz contact theory are 
summarized in Tab. 1. 

 

Figure 4: Experimental curves of the force-indentation depth for three points of the MCF-10A cells and 
estimation of elasticity module by Hertz theory 

Experimental data and predicted force-indentation depth curves for the Hertz contact theory have been 
demonstrated in Fig. 4. According to Tab. 1 and Fig. 4, the cell elasticity module at the thinner edges is 
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higher and for the thicker points is lower. The outcome is similar to the result attained by Park and Lee 
[14], who used spherical probe AFM. As showed in Fig. 5, the AFM tip was put in contact with three 
different parts of the cell and force-indentation depth curves for every three parts were obtained accordingly. 
Considering AFM probe as a rigid sphere and the cell as an elastic body with the assumption of a known 
poison’s ratio, they utilized Hertz theory to calculate the elasticity module for every three parts. They 
concluded that the elasticity module of the thinner parts of the cell is higher. These results are reasonable 
since there is less intracellular liquid in the region with less thickness and so the membrane (which has 
similar behavior to solid materials) will be more effective and consequently, the elasticity module is higher 
compared to other regions (with higher thickness and more intracellular liquid). In addition, since point II 
has a higher thickness in comparison with the point I and point I is thicker than point III, subsequently, 
obtained module for point III is more than the two other points; also, the point I has a higher module in 
comparison with II.  

Results for MCF-10A cells are the same as MCF-7 cells [9], i.e., cell elasticity module at parts with 
less thickness is higher and vice versa. It can be said repeatability and following a similar pattern for all 
three points of two cells confirm the results. 

Table 1: Average elasticity modulus for three points of the MCF-10A cells ( kPa ) 
MCF-10A Elasticity module  

1.31 Point I 

1.51 Point II 

1.83 Point III 
 

4.3 Adhesion 
By means of force spectroscopy, atomic force microscopy can measure interaction forces between the 

cantilever and its substrate. While moving up and down, the cantilever is bending because of forces between 
tip and sample and the force-distance curve will be obtained [2]. 

Piezo voltage-distance curves for different three points of both cells were obtained. Then, using the 
mentioned relations, adhesion force-distance curves were acquired for every three points of each cell. The 
goal was to obtain adhesion force changes rate in different points of a cell to make a comparison to specify 
the adhesion difference of the points. During the tests, humidity was about 28% and the tip was approaching 
the sample surface and getting away at the speed of 261.4 nm/s. Tab. 2 shows the summarized results. 

Table 2: Average adhesion force of the cells in different points ( nN ) 

Adhesion force of the MCF-10A   
139.41 Point I 
172.41 Point II 
54.89 Point III 

 

The adhesion force-distance curves for cells in different points, during the approach of the tip to the 
sample, has been presented in Fig. 5. 
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Figure 5: Adhesion force-distance curves for diverse points of two cells 

According to Tab. 2 and Fig. 5, in general, for MCF-10A, the maximum magnitudes are for points I, 
II and III, respectively. These results show that softer parts are more adhesive compatible with MCF-7 
results [9], so this repeatability confirms them. 

4.4 Viscoelastic Characteristics (Kelvin-Voigt Parameters) 
Following assumptions should be met during the test:  
I. The cantilever is moved directly with no oscillation or sample driving. 
II. The tip is in constant contact with the sample and oscillation amplitude is small in comparison 

with pure indentation of the tip in the sample. 
III. Special mode of cantilever oscillating far from the sample is constant in comparison with the 

time compressing the sample. 
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IV. It should be noted that hydrodynamic correction on a living cell is different compared to the 
fix one. 

It can be observed that measured Kelvin-Voigt parameters highly depend on indentation depth; thus 
the increase in depth results in magnitude growth. Closer view implied that small drive frequency leads to 
higher Kelvin-Voigt parameters. 

According to the repeatability of test results, it can be concluded that calculated results are correct and 
accurate. On the other hand,  to confirm the results, they can be compared to Cartagena and Raman study 
who extracted local viscoelastic characteristics of fibroblast cells [1]. This comparison shows that the 
obtained trend in measurable harmonic parameters and next, Kelvin-Voigt parameters for both cells are 
similar to fibroblast cells results of Cartagena and Raman. 

After obtaining Kelvin-Voigt force parameters using relation 5, their stress equivalents can be derived. 
Since the trend of the 

sampleE  and 
sampleη  are respectively similar to dynamic

samplek and dynamic
samplec , it is not necessary 

to address them here, instead,  after calculation of Kelvin-Voigt stress parameters in different indentation 
depths for each cell, the time constant ( )sample sample sampleEτ η=  for each cell will be calculated in different 

indentation depths. 
Then, using ( ) ( )( )1 1 samplet

sample sampleC t E e τ−= −  (obtained from continuum mechanics and explained in 

previous sections) creep function magnitudes for different depths were calculated. Since working with 
different magnitudes of 

sampleE  and sampleτ  for different depths is very difficult,  an attempt was made to 

calculate a single sampleE  and sampleτ  for each cell. These magnitudes should be selected in the way that the 
theoretical creep function matches the calculated creep function magnitudes for that cell. Since for this 
creep function, there are many magnitudes for sampleE  and sampleτ , it is simpler to designate a more familiar 
magnitude to one of these parameters. 

The time constant for the first and second cells are 1.1 and 1.05 secs, respectively. Theoretical and 
experimental curves adaptation and repeatability of this magnitude confirm the results. Similar curves were 
obtained for MCF-10A which had analogous results to MCF-7 [9], showing the tests repeatability for 
different cells (Figs. 6 and 7). 

 

 
 (a) Kelvin-Voigt parameters                (b) Parameters of the motion equation  

Figure 6: The curves of the approaching tip to the three different points and measurable parameters 
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                (a) Spring constant of the three points         (b) Viscosity coefficients of the three points 

Figure 7: Kelvin-Voigt force parameters’ comparison 

In the previous section, the elasticity modulus  for the central points of the MCF-10A cell was 
presented. As a result, with this assumption, the time constant for each point can be extracted. The 
theoretical and experimental creep function for three points have been presented (Fig. 8). The time constants 
were 1.42, 1.1 and 1.36 secs for the first, second and third points respectively.  Acceptable compatibility of 
theoretical and experimental curves and repeatability of these magnitudes can confirm the obtained results. 

 

Figure 8: Theoretical and experimental creep functions for three points 

4.5 Axial Rigidity and Bending Rigidity 
Axial and bending rigidities are properties that can be used in modeling of the cell manipulation by 

AFM. The accuracy leads to the precise modeling of the manipulation process and consequently, better 
prediction of the cell behavior. To obtain axial and bending rigidity, considering a spherical cell, a moment 
of inertia and area should be calculated first and then, using existing relations, the intended magnitudes will 
be extracted. According to the previous experimental results of the radius and elasticity module for breast 
cells and using existing relations for the moment of inertia, related bending and axial rigidities are 
achievable (Tab. 3). 
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4.6 Comparison Between the Cancerous and Healthy Breast Cells’ Results 
Comparison between healthy and cancerous cells can assist in disease’s diagnosis, prevention, and 

therapy; owing to the fact that immediately after characterization of the sampled cell and through observing 
the changes, the treatment can be initiated.  

To compare the elastic properties’ differences between cancer cells and their counterpart normal cells, 
the relative Young’s modulus (𝐸𝐸𝑅𝑅) is defined as follows:  
𝐸𝐸R  = 𝐸𝐸cancer cell /𝐸𝐸counterpart normal cell                                      (10) 
where 𝐸𝐸cancer cell  and 𝐸𝐸counterpart normal cell are Young’s moduli of the cancerous and normal cells, 
respectively. The results of this paper show that the relative Young’s modulus is about 0.75 which shows 
the softness of cancer cell in comparison with a normal one. Higher relative modulus indicates less cancer 
progress and this magnitude helps diagnosis of cancer level. 

Table 3: Comparison between the MCF-7 and MCF-10A properties 

Axial rigidity Bending 
rigidity 

Adhesion 
force 

Elasticity 
module Radius  

120.589 10−× 2764.47 10−× 150.47nN 1.60kPa ~ 6.25 mµ  MCF-
10A 

120.87 10−× 27203.2 10−× 165.43nN  1.203kPa ~ 7.16 mµ  MCF-7 

Based on Tab. 3, the healthy breast cells (MCF-10A) in comparison with the cancerous ones (MCF-7) 
are stiffer and less adhesive. As may be inferred from the images of the optical and atomic force microscopy, 
healthy cells are smaller but more stretched (Fig. 9). 

 

Figure 9: Healthy and cancerous cells 

5 Discussion  
Investigation of biological cells’ apparent properties, especially cancer cells, can increase accuracy in 

treatment and prediction of their behavior, consequently helping the diagnosis of different types of cancer. 
Breast cancer is one of the most common cancers among woman. Atomic force microscopy is among the 
most powerful tools in imaging and characterization of Nano-particles. Mechanical properties of many 
biological cells have been extracted using various methods but comprehensive experiments for healthy and 
cancerous breast cells have not been done simultaneously. In this paper topography and mechanical 
properties of MCF-10A cells such as elasticity modulus, adhesion force and viscoelastic characteristics 
have been extracted and used to investigate axial and bending rigidity through AFM. Initially, topography 
and the apparent properties of these cells have been investigated and the obtained results were then 
compared with the previous studies for confirmation. 
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After accurate recognition of MCF-10A cells, the elasticity module was evaluated. To simplify the 
calculation process, cells were considered as spheres. In this step, the aim was finding the rate of elasticity 
module changes in various points of the cell. Force-indentation depth curves for three different points on 
cells were obtained. Afterwards, using Hertz elastic theory, the elasticity module of each cell at three points 
was extracted. Results showed that the elasticity module at the thinner parts were higher and the points with 
higher thickness had lower modules. Lastly, the points with average thickness (points I) have elasticity 
module between these two magnitudes. It was also demonstrated that thicker parts which contained more 
liquid were softer and the edges of cells with less liquid had higher elasticity modules.  

  Adhesion force is one of the crucial factors in friction force development; consequently, the next test 
was to obtain the adhesion between cell and tip. Generally, the maximum magnitudes of adhesion were 
recognized at softer points and vice versa. The usual method for extracting cell elastic properties is AFM 
force- indentation depth curves. Obtaining viscoelastic characteristics can increase the accuracy of cell 
mechanics. Viscoelastic characteristics are obtained from dynamic methods. In this paper, spring force and 
viscosity gradient, and as a result stiffness and viscosity mechanical properties were measured in different 
indentation depths. Kelvin-Voigt was used as the cell mechanics model. After obtaining force parameters 
of Kelvin-Voigt, stiffness and viscosity, their equivalents in stress-strain relations were found. Through 
calculating the stress parameters of Kelvin-Voigt at different indentation depths for each cell, a time 
constant of each cell were calculated. Then, creep function magnitudes for different depths were calculated 
and attempt was made to extract a suitable and unique creep function for each cell which is in line with the 
theoretical creep function. The suitable creep functions for MCF-10A cells were discovered, representing 
their viscoelastic behavior. 

  Finally, axial and bending rigidities were obtained and compared for two cells considering the 
spherical geometry and the elasticity module. According to elasticity modulus and adhesion, the points with 
lowest adhesion and highest elasticity modulus were chosen as the optimum points for starting manipulation, 
because lower adhesion needs a smaller force for separation from the surface. On the other hand, higher 
elasticity modulus (stiffer part) results in smaller deformation under the same applied force; therefore, the 
possibility of damage or destruction will decrease. Moreover, the comparison between MCF-7 and MCF-
10A cells revealed that MCF-7 cells were softer and less adhesive. These results can be used for the 
diagnosis of cancerous cells and also their progress. In addition, manipulation of biological cells is a process 
requires accurate modeling and simulation to predict cells’ and tools’ behavior during experiments; hence, 
these properties can help in order to achieve a precise modeling and prediction.  

Conflict of interest: The authors declare that they have no conflict of interest. 
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