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1. Introduction

The uncontrolled growth of cells causes a cancerous mass
in the body. Mechanical properties play an important role
at different scales in biological issues. Identifying the
mechanical properties of unknown cells, bacteria, and
viruses is of high importance in finding a way to treat
incurable diseases, including cancers. The MCF10 cancer
tissue displacement and theoretical simulation of cancer
tissue using the Hertz contact model have been studied
using an atomic force microscope and three different types
of cantilevers with rectangular, V-shaped, and dagger
geometries. The current research is novel in terms of using
three types of cantilevers with different geometries to
achieve a more accurate modulus of elasticity and apply
less force in order not to damage the tissue.

2. Results

In this section, Young's modulus of MCF-10 cancer tissue
is estimated with the results obtained from the
experimental test based on the atomic force microscope
using three geometries of rectangular, V-shaped, and
dagger-shaped cantilevers. Moreover, in order to ensure
the obtained results, the findings of the experiments are
compared, and theoretical simulations are discussed.
According to Figure 1, the force-depth diagram of
penetration resulting from breast cancer cell displacement
is shown for all three cantilever geometries, including
rectangular, V-shaped, and dagger, where the force is in
nano-newtons and the depth of needle penetration is in
nanometers. During the loadings, the tests were performed
five times and the average results were plotted. In addition
to achieving a more accurate Young's modulus, the reason
for using three different cantilever geometries was to
choose the right cantilever in order not to damage the
tissue. As the loading force increases, the penetration
depth rises. To prevent the destruction of cancer cells,
appropriate loading should be selected based on the

biological particle and the allowed indentation depth
should be taken into account.
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Figure 1. Force-penetration depth diagram for three
columns with rectangular, V-shaped, and dagger
geometries

Figure 2 shows the Young's modulus of breast cancer cells
extracted using rectangular, dagger, and V-shaped
cantilevers. In figures 2-a, 2-b, and 2-c, the ranges of
Young's modulus were considered 1000-1400, 1120-1320,
and 1200-1250 pascals, respectively.

120
—+— 1000 Pa M
—&— 1200 Pa
100 1400 Pa |
Experiment(Rectangular) ,d"
et iy
T w0 | et ﬁ|_
£ e T
£ g e
2 6 |
E || ke
£ L
=
2 W 2 H
20 ﬁx J
0...‘*
0 5 10 15 20 25 30 35 40
Load (nN)
@)

*Manuscript received: August 7, 2023. Revised, August 30, 2023, Accepted, September 27, 2023.
' Corresponding author, Associate Professor of Mechanical Engineering, Arak University, Arak, Iran.

Email: m-taheri@araku.ac.ir

2 Associate Professor of Mechanical Engineering, Arak University, Arak, Iran.
3 M.Sc. Mechanical Engineering, Arak University, Arak, Iran.
4 M.Sc. Mechanical Engineering, Arak University, Arak, Iran.

5 M.Sc. Mechanical Engineering, Arak University, Arak, Iran.



https://mechanic-ferdowsi.um.ac.ir/article_44346.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://doi.org/10.22067/jacsm.2023.83806.1196
https://orcid.org/0000-0001-6583-3925

Moein Taheri, Ali Jabbari, Zahrasadat Eghdami, Hamed Faraji, Nima Rahmani 62

120

r T
—+— 1120Pa
—£&— 1220 Pa
100H —%— 1320 Pa ddﬂ.-""d*
Experiment(Dagger)
ot
2 w0 et
=
£
g Wi
S 60 ‘ T e
S "
g ‘@lﬂ"ﬁ M
£ e
2 40 -
20 —
0 5 10 15 20 25 30 35 40
Load (nN)
120 13 1 1
—+— 1200 Pa
—4— 1225 Pa
100 —#*— 1250 Pa
Experiment(V-Shape)
E 80
=3
=
a
4
2 60 ;
S
2 e
3 il
£ 40 e
20
5 10 15 20 25 30 35 40

Load (nN)

(©
Figure 2. Experimental and theoretical comparison
of Young's modulus of breast cancer tissue using (a)
rectangular, (b) dagger, and (c) V-shaped cantilevers

3. Verification

The geometry of the V-shaped cantilever shows a more
accurate Young's modulus than the other two geometries.
Therefore, in this section, in order to check the available
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data, the value of Young's modulus obtained in this
research with the V-shaped beam has been compared with
references [5] and [24]. An atomic force microscope was
used in all the results. As could be seen from the obtained
results, considering the V-shaped column in this article,
the experimental results are more precise within the range
of the theoretical findings and between the values of 1200-
1250 pascals. Figure 3 compares the minimum and
maximum values of Young's modulus of breast cancer
tissue considering other studies.

5. Conclusion

In this research, using an atomic force microscope, three-
dimensional images of MCF-10 breast cancer tissue were
extracted to estimate the geometric shape of the tissue. In
addition, graphs of the penetration depth of the atomic
force microscope needle in the tissue according to the force
applied to it using three geometries of rectangular, V-
shaped, and dagger-shaped cantilevers were obtained to
determine Young's modulus. The cell geometry is assumed
to be spherical. Young's modulus of MCF-10 cancer tissue
was extracted by examining the graphs obtained from the
experimental results and comparing them with
simulations. Simulations were performed for all three
cantilever geometries using the Hertz contact model and
the obtained results showed that since the V-shaped
cantilever exerts less force on the tissue, this will result in
a more accurate prediction of the Young's modulus of the
breast cancer tissue. The range of Young's modulus for the
V-shaped cantilever was more accurate than the other two
geometries, which led to the accurate detection of
cancerous tissues and the differentiation of healthy and
cancerous tissues.
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Figure 3. Validation charts
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Experimental and Theoretical Investigation of Young's Modulus of Breast Cancer Tissue (MCF-10)
Using Different Cantilevers of Atomic Force Microscope

Moein Taheri  Ali Jabbari  Zahrasadat Eghdami  Hamed Faraji  Nima Rahmani

Abstract Today, the atomic force microscope has various applications in the manufacture of small-scale parts and the
study of their mechanical properties. The study of mechanical properties of tissues can be considered as biomarkers for
early detection of cancer and help in new treatments. There are diferent ways to detect cancerous tissues, and one of
these ways is to check Young’s modulus of the tissue. One of the most recent methods for extracting Young's modulus in
biological tissues is the use of atomic force microscopy. In this study, atomic force microscope was first used to extract
Young's modulus of MCF-10 breast cancer tissue using 3 different cantilevers with rectangular, V-shaped and dagger
geometries. The geometry of the cell was also assumed to be spherical according to the images obtained by atomic force
microscopy. The force- indentation depth diagram was plotted by averaging the experimental results for each of the
cantilevers separately. Finally, Young's modulus of breast cancer tissue for 3 cantilevers with rectangular, V-shaped and
dagger geometries is extracted with Hertz contact model. By comparing the experimental and theoretical results and by
changing the assumed range of Young's modulus for all 3 geometries of the cantilevers, it was observed that the use of V-
shaped cantilever predicts a more accurate range of Young's modulus due to applying less force to the tissue. Young's
modulus of breast cancer was considered between 1200 and 1250 (Pa) using V-shaped cantilevers.

Key Words Atomic force microscope, MCF-10 cancer tissue, Rectangular cantilevers, Dagger cantilevers, V-shaped

cantilevers
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