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Abstract

Background and aims: Clinical and laboratory studies show that taking
aspirin and ibuprofen during chemotherapy or before breast cancer reduces the
number of cancer cells and prevents their transmission. This study aimed to
investigate the mechanical properties of cells after cell treatment with these
two drugs.

Methods: This study examined the effects of aspirin and ibuprofen, in
combination and independently, at two concentrations of 5 pL and 10 pL on
the mechanical properties of MCF-7 cancer cells. Next, it compared them with
the mechanical properties of healthy MCF-10 cells. The mechanical properties
of the cells were measured using an atomic force microscopy (AFM) device.
Finally, the Young’s modulus and the deformation of all cell groups were
calculated and examined.

Results: Our results showed that the deformation chart of cancer cells
approached that of healthy cells using aspirin and ibuprofen. In addition, the
numerical value of Young’s modulus in MCF-7 when using 10 pL of aspirin
compared to other treatment groups had the highest value close to Young’s
modulus of healthy cells.

Conclusion: Using the separate or combined use of aspirin and ibuprofen, the
mechanical properties of cancer cells were closer to those of healthy cells. The
viable metastatic cell count probably decreased due to increased stiffness in
cancer cell lines using aspirin and ibuprofen.
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Introduction

Recent studies have revealed that ibuprofen
and aspirin may reduce the risk of various
cancer types, including prostate, lung, colon,
and breast cancers. Additionally, non-steroidal
ant-inflammatory  drugs (NSAIDs) may
complement chemotherapy as an adjunctive
therapy. Both aspirin and ibuprofen work by
inhibiting cyclooxygenase 1 and 2 enzymes,
which play a crucial role in the production of
inflammatory mediators. Continuous COX-1
controlled use of ibuprofen can reduce the risk
of breast cancer by up to 50%.(1,2)

Ibuprofen contributes to cancer prevention by
affecting cell proteins and inhibiting COX
enzymes, thereby reducing cell migration and
angiogenesis. Aspirin can delay or prevent the
colonization of a tumor, with the most
significant impact observed between 5 and 10
mmol. NSAIDs' anti-tumor mechanism also
aids in regenerating cell cytoskeletons. (3)

Cell mechanics is a crucial characteristic of
cells, and changes in these properties can be
employed for cancer diagnosis. Drug efficacy
can be assessed by examining alterations in the
cytoskeleton and mechanical properties of
cells.(4)

atomic force microscopy (AFM) is a widely
used technique to evaluate cell mechanics
using cantilevers. Young's modulus, a measure
of cell stiffness, depends on factors such as
probe type, temperature, and loading rate.
Research indicates that breast cancer cells
exhibit a 60% reduction in Young's modulus,
signifying cancer progression.(5) This study
aimed to investigate the effects of aspirin and
ibuprofen on cancer cell mechanical properties
and compare them with those of healthy cells.

Materials and Methods

Two cell lines, human mammary epithelial
cells (MCF-10) and human breast cancer cells
(MCF-7), were cultured in 100 ml flasks
obtained from the Stem Cell Technology
Research Center (STRC) of Iran University of
Medical Sciences (IUMS). The culture
medium consisted of Dulbecco's Modified

Eagle’s Medium (DMEM) and high-glucose
medium with 10% fetal bovine serum.
Ibuprofen and acetylsalicylic acid (ASA) in
pure powder form were purchased from
Rouzdarou Company and Hakim
Pharmaceutical Company. These substances
were combined with 2000 pL of phosphate-
buffered saline and 200 pL of sodium
hydroxide soluble in cell culture solution from
Sigma after 48 hours.

Cell mechanical properties were analyzed
using atomic force microscopy (JPK) with a
quadrilateral pyramid of silicon nitride with a
spring constant of 0.045 N/m. (Fig.1)

Fig 1: AFM cantilever tip on MCF-7 cancer cells after
application of ibuprofen 10 pl

The force-displacement curve of 20 individual
cells per group was examined, and the data
were averaged. The Young's modulus of the
cell samples was calculated using the
deformation-force curve of MCF-7 cells
treated with aspirin, ibuprofen, and the control
group. The Hertz model was utilized to
compare results between the MCF-10 and
MCF-7 groups. The Young's modulus for each
cell was determined, and the data from five
groups were averaged. The three groups
receiving ibuprofen and aspirin were compared
to the MCF-10 and MCF-7 control groups.
Statistical analysis was performed using
Minitab software, employing the Darling-
Anderson test to assess the normality of
Young's modulus data. The mean values and
standard deviations of Young's modulus were
calculated for each group. ANOVA was used
to compare the means of the MCF-7 group and
the MCF-10treated group, with Dunnett's test
as a post-hoc test.
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Results

As depicted in the curve, the maximum
deformation of the MCF-10 cell membrane
was 800 nm, while it was 1796 nm for MCF-7
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cancer cells. After the presentation of aspirin
and ibuprofen to cancer cells, the curves
exhibited prominent similarity to those of
healthy MCF-10 cells (Fig. 2).
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Fig 2: The curve of the mean cell force-indentation data in five cell groups

these three groups closer to those of healthy
cells, thereby influencing their mechanical
properties. After curve-fitting the force-
displacement curve using the Hertz equation,
Young’s modulus was obtained for all five cell
groups (Table 1).

The cell force-indentation curve in five groups
indicated that cancer cells experienced
approximately one-third of the deformation
compared to healthy cells. Furthermore, the
addition of aspirin and ibuprofen to cancer
cells brought the mechanical parameters of

Table 1: The Young’s modulus in five cell groups

Group cell Mean and SD of Young's modulus (Pa)
MCF-10 212+ 742.1
MCEF-7 25.3+ 235.2
MCF-7+ASP 10 pl 24.8+ 840.0
MCF-7+IBU 10 pul 24.6+ 551.2
MCF-7+ASP 5 ul, IBU 5 pl 20.7+ 524.9
Discussion aspirin and ibuprofen interventions are

The most pronounced change in Young's
modulus, converging with the modulus of
healthy cells, was observed in the group
receiving 10 pL of aspirin, followed closely by
the group with 10 pL of ibuprofen.
Conversely, the group exposed to 5 pL each of
aspirin and ibuprofen exhibited the least
significant effect. Interestingly, these cancer
cells displayed greater resistance to
deformation compared to their healthy
counterparts. Young's modulus alterations in
MCF-7 cells following the administration of

depicted in Figure 2. These findings suggest
that the behaviour of the cancer cell group
tended to align more closely with that of
healthy cells when aspirin and ibuprofen were
incorporated.  The  heightened  stiffness
observed in the cancer cell line can be
attributed to the presence of NSAIDs.
Moreover, it is noteworthy that the
extensibility of cancerous cells (MCF7)
exceeded that of both healthy and treated cell

groups.
Previous studies have revealed distinct
mechanical properties due to structural
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changes in the cytoskeleton and actin fibers,
with reduced properties observed in cancerous
cells. Further research suggests that both
ibuprofen and aspirin inhibit Cyclooxygenases
(COX-1 and COX-2), potentially enhancing
cell survival and reducing cancer cell
migratory capacity. Gelen et al. elucidated how
Cyclooxygenase activity could stimulate the
formation of actin bundles containing myosin
I, demonstrating the correlation between
cytoskeletal organization and increased cell
motility.(6)

Conclusion

The study conducted experiments on MCF-10
and MCF-7 cells. To do so, the researchers
added aspirin and ibuprofen to these cells and
measured their mechanical properties using
AFM. The results showed that cancer cells
were less stiff and had greater deformation
than healthy cells. However, when aspirin and
ibuprofen were introduced, cancer cells
became stiffer and less deformable, resembling
healthy cells more closely.
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