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Abstract 

Cancer cell detection in various tissues of the body, as well as during 

chemical medication treatment, can aid in identifying these cells and 

providing faster and more effective treatments. Studies have been conducted 

to aid in the diagnosis and identification of cancer cells. Although significant 

progress has been made, there is still a need for research in this sector, 

particularly when multiple variables are considered at the same time. The 

present study has the novelty of examining the simultaneous effects of cell 

culture substrates and chemical drugs on the morphology of two cancer cell 

lines with different degrees of invasion. In the current study, two cell lines 

with varying degrees of metastasis were cultivated on three surfaces with 

varying elastic modulus, and their morphology was studied using 

photography and image processing with code and software. In this study, the 

cell morphology was evaluated with great precision. In addition, the cell 

viability of these two cell lines was assessed for the aforementioned groups in 

order to determine the rate of cell death in each group. The findings show 

that drugs have a greater impact on cell morphology than substrates and cell 

types, and that the two cell lines respond differently to drug and substrate 

combinations, with DU145 cells being more susceptible to drug-induced 

cytotoxic effects. primarily on soft substrates. Understanding these 

interactions is critical for adapting treatments to the specific properties of 

prostate cancer cells, which could improve outcomes for patients with 

various metastatic tendencies. 
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1. Main text 

1. Introduction  

The physical and anatomical characteristics of cellular elements have become critical markers of physiological 

and pathological occurrences [1-3]. Specifically, the actin cytoskeleton and its regulatory proteins are essential for 

several aspects of cancer metastasis, particularly for invasion and migration [4, 5]. During these dynamic processes, 

the actin cytoskeleton—which is located beneath the cell membrane as a scaffolding network—undergoes complex 

remodelling that produces intrinsic forces that are essential for cell invasion, migration, and spreading. As a result, 

measuring morphological alterations and cytoskeleton reorganization offers a valuable method for early cancer 

identification. Moreover, studying morphological characteristics advances our understanding of the physical 

mechanisms and underlying processes that control the spread of cancer. The complex way that prostate cancer cells 
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react to their surroundings is one of the many features of prostate cancer development that are yet unclear [6-8]. The 

creation of an in vitro model for cell growth and differentiation is critical to understanding basic mechanobiology 

and its possible medical uses in organ replacement after injury. Numerous materials have been investigated to see 

how they affect cell behaviour in the context of cell culture [9-13]. These materials permit the development of 

microfluidic organ-on-a-chip culturing systems. These materials make it easier to create microfluidic organ-on-a-

chip culturing systems, which successfully imitate the functional unit of an in vitro human living organ while 

offering an environment favourable to cell viability. The regulation of cellular activity, including factors like cell 

shape, proliferation, and differentiation, is greatly influenced by the extracellular matrix (ECM). These processes 

can be significantly altered by changes to the chemical composition and mechanical characteristics of the ECM [14]. 

Notably, rheumatoid arthritis and chronic kidney diseases are among the many chronic illnesses that are known to 

exhibit ECM degradation, which is linked to impaired tissue integrity [15]. Because they replicate in vivo conditions, 

artificial ECM systems are helpful in studying the interactions and regulation of cellular processes and tissue 

integrity in healthy and pathological conditions [16]. Also, biomedical research frequently uses both natural 

biomaterials like collagen and gelatin as well as synthetic materials like polyacrylamide (PAAm) gel and 

polydimethylsiloxane (PDMS)  [17-19].  One significant benefit of PAAm gels is that their stiffness may be adjusted 

from 0.3 to 300 kPa [20]. A more in-depth investigation of the interaction between cellular responses and the 

mechanical characteristics of the scaffold is made possible by this flexibility in stiffness [21]. Nevertheless, PAAm 

gels need help with simulating the ECM in nature. First, because the ECM is a dynamic system rather than just an 

inert scaffold, its ability to interact with the physiological environment is limited. Second, there may be a 

cytotoxicity risk due to unreacted acrylamide residues in the PAAm network. It is possible to address these issues by 

using hydrolyzed PAAm hydrogels. These viscoelastic polymeric networks, which have a hydrophilic topology, get 

around the drawbacks of conventional PAAm gels [22, 23]. Hydrolyzed PAAm hydrogels are biocompatible 

polyelectrolytes that can absorb, hold, and release large amounts of biological fluids when needed. These hydrogels 

are widely used in investigations on cell connection, artificial muscle formation, and drug administration. They offer 

adaptable solutions for various biomedical applications [24-26].  

The substrate stiffness in which cancer cells sense and respond before and after treatment has not been 

thoroughly studied despite a plethora of studies investigating the effects of substrate stiffness on cellular activities. 

Due to metastasis, cancer cells go to different tissues, and there they sense different elastic modulus of ECMs. In the 

present study, to model ECMs with different elastic modulus, PAAm substrates with different elastic modulus were 

used as a substrate for cell culture. Figure 1 shows a schematic of the present study's process. In the present study, 

the morphology of two cell lines with different levels of invasion on substrates with three different elastic modulus 

and for two groups of cells treated with chemical drugs and untreated cells has been investigated by photographing 

with a microscope and processing the images with a code based on color contrast. Also, the cell viability of these 

two cell lines has been checked on substrates with three different elastic modulus and for two groups of cells treated 

with chemical drugs and untreated cells, so that the results of morphology and cell viability can be observed 

simultaneously. The results of the present study can assist future studies in detecting and identifying cancer cells in 

various tissues. 

2. Material and methods 

Two types of prostate cancer cell lines with different degrees of metastasis (higher metastatic potential (DU145) 

compared to LNCAP cells, which have low metastatic potential) were cultured on three substrates with different 

elastic modulus (soft, medium, and stiff) and were treated with Abiraterone Acetate drug. Cell morphology was 

divided into four different groups. Also, the cell viability (live/dead) assay was performed in the treated group with 

Abiraterone Acetate drug and control group on three substrates with different stiffness. 

2.1 Manufacturing and preparation of acrylamide substrates 

The preparation of polyacrylamide gels entails the formation of aqueous solutions containing Acrylamide 

monomer (AAm) and N, N′-Methylene bis acrylamide (cross-linker, Bis-acrylamide) at concentrations of 40% and 

2% weight/volume, respectively. Subsequently, varying quantities of Bis-acrylamide and AAm were formulated in 

deionized water (DW). To initiate the free radical polymerization reaction, it was necessary to use Ammonium 

Persulfate (APS) at a concentration of 10% weight/volume, which was activated by N, N, N′, N′-Tetramethyl 

ethylenediamine (TEMED) at a purity of 99%. Diverse polyacrylamide gels were generated by employing varying 

degrees of cross-linking density. The gels were prepared by combining different concentrations of AAm, DW, APS, 

and TEMED, as specified in Table 1. Following a comprehensive blending procedure, the gel solution was 

transferred into a rectangle glass slide, positioned between two more glass slides, and allowed to undergo 

polymerization for a duration of 3 hours at ambient temperature. Once the polymerization process was completed, 



Journal of Computational Applied Mechanics 2025, 56(4 ): 863-881 865 

the layers of Polyacrylamide (PAAm) gel were cautiously extracted from the mold and immersed in a 1 M sodium 

hydroxide (NaOH) solution for the entire night. This caused a hydrolytic transformation of the PAAm gel to take 

place. 

 

 
Fig. 1- Two prostate cancer cell lines were cultured on three substrates with different elastic modulus and cell morphology and cell 

viability were examined for the groups of cells treated with chemical drugs and untreated cells. 

2.2 Young’s modulus measurement of substrates 

The samples were subjected to tensile testing in order to determine the elastic modulus. The samples were 

fabricated and evaluated in a cylindrical mold with dimensions of 1 inch in diameter and 1 inch in height. Each 

specimen underwent three repetitions, and a total of nine specimens were tested in accordance with ASTM criteria. 

The tensile testing was performed in accordance with precise criteria, employing a strain rate of 20 mm per minute 

and a load of 10 N. Fig. 2 illustrates the tensile tests performed on the substrates. 

Figure 3(A) to (C) depicts the stress-strain diagram for a sample taken from each substrate group. The slop of the 

line in the elastic region of the graphs represents the elastic modulus and is highly associated with the stiffness of the 

substrate. Soft and medium samples exhibit less steep gradients compared to stiff samples, suggesting a higher 

ability to undergo deformation under the same external load. Additionally, the data unambiguously demonstrates 

that stiff samples undergo fracture when they reach a strain of approximately 0.5, but more flexible samples (soft 

and medium substrates) do not experience fracture. The stress-strain diagram of the sample displays clearly defined 

loading and unloading phases. Figure 3(D) displays the elastic modulus of all the samples. 
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Fig. 2- The substrates underwent tensile testing using cylindrical molds with a diameter and height of 1 inch. The samples were 

subjected to a strain rate of 20 mm per minute and a load of 10 N. Each elastic modulus was measured using three samples. (A) Actual 

image of sample in test mode and (B) Animated image. 

2.3 Fibronectin coating and cell seeding 

Fibronectin is a type of protein. This product is optimal for the application of a thin coating on cell culture 

surfaces, hence improving cell adherence and proliferation in vitro. Also, these cause more accurate simulation in 

vivo and in vitro. The surface was coated with a concentration of  of fibronectin and incubated at a 

temperature of  for one hour to induce changes. Following the removal of surplus fibronectin, the cells were 

cultivated at a density of . Afterward, the substrates were delicately rinsed with phosphate-buffered 

saline (PBS) in order to eliminate any surplus fibronectin, thereby guaranteeing a consistent coating. Following the 

application of fibronectin coating onto the substrates, the substrates were prepared for cell seeding. 

2.4 Cell culture 

DU145 and LNCaP cell lines were purchased from the Iranian Biological Resource Center. Cell lines were 

cultured with DMEM (Gibco, USA) and 10% FBS (Gibco, USA). Cells were passaged when they reached 80% 

confluence. These cells were used in the tests of this study. 

2.5 Drug solution preparation 

The anti-cancer drug Abiraterone Acetate was sourced in powder from the Sobhan Oncology, Iran for this study.  

The IC50 of this medication was obtained using the MTT assay, as described in the preceding section. The 

medication powder was carefully and precisely concentrated using DMSO solutions. The fluid underwent filtration 

using a 0.22-micron filter. Prior to application, the drugs underwent further dilution with culture media at a ratio of 

1:1000. The medicine was administered to cell groups for a duration of 24 hours during each iteration of the 

experiment. 

 

2.6 Metabolic activity (MTT assay) 

The toxicity level of Abiraterone Acetate drug on cell lines was checked by MTT test.  At first, 105 cells were 

seeded in a 96-well microplate. After 24 hours, cells were treated with different concentrations of the drug (7.8125, 

15.625, 31.25, 62.5, 125, 250 and 500 µM). Cells were exposed to 0.5 mg/ml MTT for 4 hours, and then 150 µl 

DMSO was added to each well. Eliza Reeder read the optical absorbance of each well at 570 nm. The software 

GraphPad Prism (version 10.10) was utilized to create dose-response curves through the implementation of 

nonlinear regression analysis and Chou-Talalay method was used. 
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Fig. 3- The stress-strain diagrams are provided for each substrate group, including the (A) soft substrate, (B) medium substrate, and 

(C) stiff substrate. (D) The calculated value of the modulus of elasticity, which was repeated three times for each group. 

 

2.7 cell viability (live/dead) assay 

To characterize the rate of live cells, a fluorescence-based kit was used according to the manufacturer’s protocol 

after 24 hours of treatment. In short, an orange solution (Sigma 9231A) is applied to the cells for 15 minutes at room 

temperature. After that, they are rinsed three times with PBS (4417P-Sigma). Then, PI (4864P-Sigma) is introduced 

to the cells and rinsed three times with PBS. A fluorescent microscope (Olympus IX70) is used to capture images. 

Observation of cells, both living and deceased, is possible within 30 minutes. The cell viability percentage was 

determined by tallying the number of green points, which indicate live cells, and then dividing it by the total number 

of cells. 

 

3. Results 

After the materials were described in the previous section, this section presents the results of the assays. The 

current investigation involved culturing two cell lines (DU145 and LNCAP) on three different substrates (stiff, 

medium, and soft stiffness). For each substrate, experiments were conducted on two groups: one group was 

untreated, while the other group was treated with Abiraterone Acetate, unless otherwise stated. Initially, the IC50 of 
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the medication was determined for both cell lines, 24 hours after the treatment. These concentrations were 

subsequently utilized for the assays. Next, the morphology of both the untreated and treated cell groups was 

analyzed. In addition, the cell viability of the specified groups was assessed. 

 

3.1  Treatment assessment by MTT assay 

A study was conducted using an MTT assay on soft substrates to evaluate the impact of drugs on cells. The IC50 

of Abiraterone Acetate drug on cell lines (DU145 and LNCaP) was determined, and the same concentrations were 

applied for subsequent tests. Cell viability of treated cells was compared to untreated cells (control group) and 

plotted against drug concentration on a logarithmic scale. Chou-Talalay method [27, 28] was employed to assess the 

IC50 of the DOC, Abir. The drug in DU145 and LNCaP cell lines. 

Fig. 4 indicates the toxic effect of Abiraterone Acetate in two cell lines, DU145 (Fig. 4A) and LNCaP (Fig. 4B). 

The graph of cell viability based on the logarithm of Abiraterone Acetate drug concentration shows that with 

increasing drug concentration, the toxicity of the drug on cancer cells increases, and the cell viability rate decreases. 

IC50 of the drug for the DU145 cell line was 110.9µM, and for the LNCaP cell line was 328.3uM. This result shows 

that the toxic effect of the drug on the DU145 cell line was more than the LNCaP cell line. 

 

Fig.4: Dose-response curves are calculated using the logarithm of Abiraterone Acetate concentrations on DU145 and LNCaP cell 

lines. Calculation of IC50 was done with Graph Pad Prism 10.2.3. 24 hours after treating the cells with the drug at different 

concentrations, the MTT assay was performed on the cells to obtain the IC50 concentration for treated cell lines. 

 

3.2 Effect of substrate and drug on Cell circularity morphology 

After the IC50 concentration of Abiraterone Acetate drug on two cell lines was calculated in the previous 

section, in this section we want to investigate the morphology of two cell lines with different invasion on three 

substrates with different stiffness and in treated and untreated groups. For this purpose, the cells were cultured on 

substrates with different elastic modulus. 24 hours after culture for untreated cells and 24 hours after treatment for 

treated cells, electron microscope photography was done. Fig. 5 shows the pictures taken of these cells.  

In order to quantify the results, in several stages, cell images were given as input to Python code and Image J 

software, and the elongation index of cells was calculated. The image processing in Python code and Image J 

software was done in several steps. The amount of cell elongation index (circularity number) was calculated with 

Equation 1. 
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   (1) 

 

Where A is the area, and P is the perimeter of each cell. This dimensionless index varies between 0 and 1. 0 is 

for completely elongated cells, and 1 is for entirely round cells. 

Based on the Python code, the number of cells with different morphologies was measured, and the cells were 

counted in terms of number. Based on the circularity number, the cells were divided into four groups: 1. semi-

elongated, 2. elongated, 3. round, and 4. semi-round. This code is based on color contrast, which gives better color 

contrast detection by trial-and-error adjustment of its variables. 

Fig5A for the DU145 Cell line, the control sample had more elongated and semi-elongated cells. These cells, 

after the effect of different kinds of substrate, had a tendency to become semi-round and round morphology. The 

frequency of round cells was 32.92 ± 2.53, 27.84 ± 3.40, and 19.82 ± 1.59 in the soft sub, medium sub, and stiff sub, 

Respectively, which have increased significantly compared to the control (P:0.01, P:0.037 and P:0.0007 

Respectively). Also, the frequency of semi-round cells was in the soft sub, medium sub, and stiff sub, respectively 

39.76 ± 3.76, 34.05 ± 3.29, 26.14 ± 5.13, which have increased significantly compared to the control (P:0.0006, 

P:0.0004 and P:0.0251 Respectively).  The number of these cells in the soft sub is more than the other two 

substrates, which shows that the soft sub increases the morphology of round and semi-round cells, and as a result, 

this soft sub kills more cancer cells. The number of elongated cells in the stiff sub was more than in the soft sub, 

P:0.04 (Fig5A). 

Fig5 B for the LNCaP Cell line, the control sample had more elongated cells than other groups. These cells, after 

the effect of different kinds of substrate, had a tendency to become round morphology. The frequency of round cells 

was 30.84 ± 2.77, 21.51 ± 2.11, and 15.85 ± 2.05 in the soft sub, medium sub, and stiff sub, Respectively, which 

have increased significantly compared to the control (P:0.03, P:0.03, and P:0.005 Respectively). The stiff sub had a 

more significant number of cells elongating, as opposed to the soft sub and medium sub, where cells mainly were 

round (p:0.02) (Fig5 B). Our findings showed that cells on both stiff and soft sub tend to round at different rates 

during seeding time. The rate of rounding was higher for cells on soft sub. 

Fig. 5A (DU145) shows the Frequency of different types of cells in the group under the substrate and also under 

the substrate with cells treated by drug. In all groups, a drug with substrate increased the number of round cells and 

decreased the number of elongated cells compared to the substrate with cells untreated, and this effect is not 

significant in all groups. The Frequency of round cells in the soft sub was 32.927 ± 2.531, and in the soft sub with 

drug number of these cells was increased (48.633 ± 0.302). This increase was statistically significant, with a p-value 

of 0.03. Also, the Frequency of round cells was higher in the medium sub with cells treated by drug (27.843 ±3.404) 

than in the medium sub with cells untreated (39.783 ± 3.285). This increase was statistically significant with a 

P<0.0001. On the other hand, the Frequency of elongated cells in the soft sub was 21.703 ± 1.470, and in the soft 

sub with cells treated by drug number of these cells decreased (8.190 ± 1.076). This decrease was statistically 

significant, with a p-value of 0.04. Part B (LNCaP), Significant changes were not observed in the drug groups with 

substrate compared to substrate with cells untreated in all cell morphology. 

 

Fig. 6 shows the number of cells in morphological groups and different conditions. Figs. 6A and 6B show the 

effect of substrates on the morphology of DU145 and LNCAP cell lines, respectively. It can be seen that the 

percentage of the number of round cells on soft substrates is higher than the percentage of the number of round cells 

on medium and stiff substrates. Also, the percentage of elongated cells for both tested cell lines is higher for control 

group cells, cells cultured on stiff substrate, cells cultured on medium substrate, and cells cultured on soft substrate, 

respectively. Figs. 6C and 6D show the simultaneous effects of drugs and substrates on the morphology of DU145 

and LNCAP cell lines, respectively. The effects of substrates in these two figures have the same trend for both 

treated and untreated cells and have the same trend as mentioned in the previous paragraph. Also, drugs increase the 

number of round cells and decrease the number of elongated cells in both cell lines and on all soft, medium, and stiff 

substrates. 

3.3 The results of examining live/dead cells by AO/PI staining 

In the previous section, the morphology of the cells was examined on different substrates in treated and untreated 

conditions. In order to find out what percentage of the cells are alive and what percentage are dead under the same 

conditions of morphology examination, in this section, the death rate of two cell lines, untreated and treated with 

Abiraterone Acetate drug and cultured on soft, medium and stiff substrates, has been investigated. In this study, 

acridine orange (AO) and propidium iodide (PI) staining were used to investigate the effect of different types of 

substrates and treatment of cells with drugs on cell death. AO is permeable to both living and dead cells and stains  
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all nucleated cells with green fluorescent light. PI enters the dead cells through the damaged membrane and 

stains all dead nucleated cells to produce red fluorescence. In Fig. 7, the images obtained from the fluorescent 

microscope were given to investigate the effect of substrates and treated and untreated of two cell lines. In both cell 

lines, the number of dead cells in different substrates was higher than in the control sample, but with the addition of 

drugs to the substrate, the number of dead cells increased significantly. 

Fig. 8 shows that in the DU145 cell line, the number of dead cells in the soft sub-group with cells treated by drug 

(45.24 ± 4.26) increased significantly compared to the control group (5.01) and the soft subgroup with cells 

untreated (7.74 ± 1.58) (P:0.01, P:0.02 respectively (Also, the number of dead cells in the medium sub-group with 

cells treated by drug (41.18 ± 2.59) increased significantly compared to the control group (5.01) and the medium 

sub-group with cells untreated (4.37 ± 2.12) (P:0.007, P:0.003 respectively). The number of dead cells in the stiff 

sub-group with cells treated by drug (19.31 ± 1.00) increased significantly compared to the control group (5.01) and 

the stiff sub-group untreated (5.03 ± 1.80) (P:0.007, P:0.008 respectively). Although the number of dead cells in 

different types of substrates with cells treated by drug was more than in the substrate with cells untreated, the 

number of dead cells in the soft substrate with cells treated by drug was more than in other substrates with cells 

treated by drug. 
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Fig.5: The images of (A) DU 145 and (B) LNCAP cell lines for control groups, groups of cells treated and cultured on substrates, and 

groups of cells treated and cultured on substrates taken with an electron microscope. 

In the LNCaP cell line, the number of dead cells in the medium sub-group with cells treated by drug (33.87 ± 

4.92) increased significantly compared to the control group (2.03) and the medium sub-group with cells untreated 

(5.91 ± 0.59) (P:0.03, P:0.04 respectively). Also, the number of dead cells in the stiff sub-group with cells treated by 

drug (19.31 ± 1.00) increased significantly compared to the control group (2.03) (P:0.04). As can be understood 

from Fig. 8, the percentage of dead cells in cells cultured on soft substrates is higher than in cells cultured on stiff 

substrates, and this difference is greater in treated cells than untreated cells. Also, the treatment of the cells has 

caused the death of most of the cells. 

 

4. Discussion   

The detection and identification of cancer cells based on their shape is extremely useful in the future therapy of 

these cells. Cells with varying degrees of invasion can metastasis and be found in different tissue of the body with 

varying elastic modulus, influencing cell morphology. Additionally, the impact of medications on cell morphology 

can aid in cell diagnostics and therapeutic efficacy. Since the groundbreaking studies using hydrogel or elastomer 

substrates of different stiffness that revealed changes in fibroblast morphology and motility in response to substrate 

elastic modulus, systematic research into cellular responses to the mechanical properties of their environment has 

progressed dramatically [29, 30], this work examined the effects of different substrate compositions on the circular 

morphology of two different cancer cell lines, both with and without Abiraterone acetate drug. A computer study 

based on Python was used to quantify the quantity of cells with various morphologies. Based on circularity metrics, 

cells were then divided into four groups: 1. semi-elongated, 2. elongated, 3. round, and 4. semi-round.  

The IC50 calculation used to evaluate cell viability revealed significant differences between the way the 

medication affected the DU145 and LNCaP cell lines. Notably, the medication appears to have a more cytotoxic 

effect on DU145 cells than LNCaP cells, as indicated by the computed IC50 values of 110.9µM for DU145 and 

328.3µM for LNCaP. 
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Fig6: Number of cells in morphological groups and different conditions. Effect of substrates on the morphology for (A) DU145 and 

(B) LNCAP cell lines. Also, simultaneous effects of drugs and substrates on the morphology for (C) DU145 and (D) LNCAP cell lines.  

Significant differences between groups were determined by Tukey's test, and the * indicates the p-value between groups. (* P<0.05, ** 

P<0.01, *** P<0.001) 

The impact of substrate stiffness on cell morphology has been well documented for a wide range of materials, 

including silicone films, rubber-like elastomers like polydimethylsiloxane (PDMS) or polyurethanes, needle-shaped 

pillar arrays made of PDMS, silicon, or glass, and hydrogels made of DNA, agarose, hyaluronic acid, polyethylene 

glycol (PEG), crosslinked polyacrylamide, and other flexible water-soluble polymers [31-41]. The way that different 

cell types react to stiffness in the matrix varies greatly and depends on the type of adhesion receptor the cell uses to 

communicate with its substrate. Significant differences are also found between cells grown on two- and three-

dimensional sticky materials. However, the substrate's elastic modulus has a significant impact on cell shape and 

protein expression across a broad range, even when it is limited to adhesion on planar surfaces [42]. 

Understanding the morphological changes brought about by various substrates—both with and without 

Abiraterone acetate drug—provided important information on how cells reacted. DU145 cells showed a significant 

change toward round and semi-round morphologies after being exposed to substrates; this movement was most 

pronounced on the soft substrate. On the other hand, LNCaP cells primarily exhibited a spherical shape on all 

surfaces, with a greater tendency to round on the pliable substrate. DU145 cells exhibited a notable promotion of 

cell elongation due to the stiff substrate, indicating that the effects of substrate stiffness on cell shape vary 

throughout cell lines. 
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Fig 7: Prostate cancer cells (DU145 and LNCaP) with varying levels of invasion were imaged using live/dead techniques. The cells 

were grown on substrates of variable stiffness (soft, medium, and stiff) and were either untreated or treated with Abiraterone Acetate 

medicines. Live cells are represented by the colour green, whereas dead cells are represented by the colour red. 

 

 

Fig 8: The percentage of deceased cells assessed in the live/dead assay was measured in the control group and on cultured on 

substrates with varied levels of stiffness, namely (a) soft, (b) medium, and (c) stiff, both before and after medication for two cell lines  

DU145 and LNCaP. Statistical differences between the control group and the various experimental groups were determined by Tukey's 

test, and the * indicates the p-value between groups. (* P<0.05, ** P<0.01) 

 

In the soft, medium, and stiff substrates for the DU145 cell line, the frequencies of round cells were 32.92 ± 

2.53, 27.84 ± 3.40, and 19.82 ± 1.59, respectively. These values showed significant increases over the control (P: 

0.01, P: 0.037, and P: 0.0007, respectively). Furthermore, there were notable increases in the frequencies of semi-

round cells compared to the control (P: 0.0006, P: 0.0004, and P: 0.0251) in the soft, medium, and stiff substrates, 

which were 39.76 ± 3.76, 34.05 ± 3.29, and 26.14 ± 5.13, respectively. Round cell frequencies for the LNCaP cell 

line were 30.84 ± 2.77, 21.51 ± 2.11, and 15.85 ± 2.05 in the soft, medium, and stiff substrates, respectively. These 

values were considerably higher than those of the control (P: 0.03, P: 0.03, and P: 0.005, respectively). Moreover, 

the stiff substrate induced a more significant number of elongated cells compared to the soft and medium substrates, 

where cells were predominantly round (P: 0.02). 

Pathological circumstances are essential drivers of disease progression because they frequently lead to aberrant 

and extensive ECM deposition and remodeling [43, 44]. The ECM is inherently changed in tumors, and this greatly 
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accelerates the course of the disease. Compared to normal tissue, ECM modification is notable since it was one of 

the first indicators of carcinogenesis. These changes are now known to be distinctive characteristics of solid tumors 

[45-47]. Host stromal cells, such as tumor-associated macrophages or cancer-associated fibroblasts, are recruited by 

cancer cells and contribute in different ways to the remodeling of ECM. These stromal cells degrade and reorganize 

the preexisting ECM in addition to synthesizing new components and releasing remodeling enzymes [48-51]. 

Consequently, these processes lead to the formation of a pervasive, dense fibrous tissue that typically envelops the 

tumor and contributes to the observed increase in local tissue stiffness within the tumor microenvironment. Indeed, 

this remodeling activity persists continuously, resulting in progressive stiffening of the ECM within the tumor 

milieu over time [52, 53]. 

Although not consistently significant across all scenarios, the introduction of the medication, together with 

substrates, led to a decrease in the number of elongated cells and an increase in round cells. On the other hand, co-

administration of the medication resulted in a significant rise in round cells and a decrease in elongated cells for 

DU145 cells cultivated on the soft substrate, suggesting increased cell death. 

Acridine orange (AO) and propidium iodide (PI) staining analysis of cell death offered additional proof of the 

drug's cytotoxic effects. The medication with substrates caused a notable rise in the percentage of dead cells in both 

cell lines. Particularly noteworthy was the pronounced increase in cell death observed in DU145 cells on the soft 

substrate when treated with the drug compared to other substrate-drug combinations. 

In the DU145 cell line, the soft substrate group treated with the medication had a substantially higher number of 

dead cells (45.24 ± 4.26) than both the control group (5.01) and the soft substrate group by itself (7.74 ± 1.58) (P: 

0.01, P: 0.02, respectively). Comparably, the number of dead cells (41.18 ± 2.59) in the drug-treated medium 

substrate group greatly outnumbered that of the control group (5.01) and the medium substrate group by itself (4.37 

± 2.12) (P: 0.007, P: 0.003, respectively). Furthermore, the number of dead cells (19.31 ± 1.00) in the drug-treated 

stiff substrate group was substantially higher than that of the control group (5.01) and the stiff substrate group by 

itself (5.03 ± 1.80) (P: 0.007, P: 0.008, respectively). While the number of dead cells was generally higher in the 

substrate-drug combinations compared to substrate with cells untreated, the soft substrate with cells treated by drug 

exhibited the highest number of dead cells among all substrate-drug combinations. 

The number of dead cells in the drug-treated medium substrate group (33.87 ± 4.92) in the LNCaP cell line was 

considerably higher than that of the control group (2.03) and the medium substrate group by itself (5.91 ± 0.59) (P: 

0.03, P: 0.04, respectively). Comparably, the number of dead cells (19.31 ± 1.00) in the stiff substrate group treated 

with the medication was considerably higher than that of the control group (2.03; P = 0.04). 

These findings highlight the critical influence that medication interactions and substrate characteristics have on 

determining cell survival and morphology. The observed differences in responses between the LNCaP and DU145 

cell lines highlight the need for customized therapeutic approaches in the treatment of cancer, taking into account 

the various features of cancer cell populations and their microenvironmental settings. 

Research employing human prostate cancer cell lines LNCaP and DU145 has revealed that prostate cancer cell 

motility is increased with the establishment of a versican-rich pericellular matrix, which may facilitate the 

development of locally invasive illness [54]. Furthermore, it has been noted that the stromal milieu of human 

prostate cancer exhibits elevated expression of the glycoprotein tenascin-C [55, 56]. Growing evidence underscores 

the pivotal role of ECM stiffening as a critical determinant of tumor growth, invasion, and metastasis, particularly in 

prostate cancer [57, 58]. From early stages to metastatic disease, growing evidence highlights an apparent 

relationship between prostate tumors, ECM component changes, and tissue stiffness. At a cellular level, stiff 

matrices are shown to induce a phenotypic switch in metastatic cancer cells, which is accompanied by an increase in 

drug resistance. These highlight the role of mechanical cues not only in disease progression but also in response to 

treatment [59].  Research on the temporal dynamics of mechanosensing is still underway. Previous research using 

epithelial cells grown on polyacrylamide gels with different elastic moduli has seen this effect. The body of research 

on the effect of substrate stiffness on cellular behavior generally points to the importance of substrate stiffness in 

determining cell activity [60-63].  Many studies have also paid attention to the effect of substrate properties on the 

behavior of cells and their mechanical properties and show that substrate stiffness can affect cell properties and their 

behavior [64-66]. 

Also the interaction between substrate stiffness and Abiraterone Acetate may affect the morphology and viability 

of prostate cancer cells through mechanical and cell adhesion pathways, the YAP/TAZ mechanotransduction 

pathway, apoptosis, or the PI3K/AKT/mTOR pathway.  

Cancer cells utilize integrins and focal adhesion kinase (FAK) to interact with the extracellular matrix (ECM), 

which is critical for their survival and metastatic potential. On stiff substrates, integrin expression and FAK 

activation are increased, enhancing cell adhesion and cytoskeletal stability, whereas soft substrates result in 

decreased integrin signaling, increased cell rounding, and increased apoptosis susceptibility. Stiff ECM enhances 

integrin-mediated signaling, leading to increased cell survival and metastatic behavior [67, 68]. Mechanotransduction 
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pathways, including β1-integrin and FAK, are critical for maintaining stem-like properties in prostate cancer [67]. 

Abiraterone acetate, an androgen receptor inhibitor, may alter integrin expression and affect cell adhesion and 

survival mechanisms [69]. Drug efficacy can be influenced by the mechanical properties of the substrate, potentially 

affecting treatment outcomes [70, 71]. 

On stiff substrates, YAP/TAZ is activated, increasing cell survival and resistance to drug treatments. Conversely, 

soft substrates reduce YAP/TAZ activity and increase cell sensitivity to environmental stresses, including drug-

induced apoptosis. Stiff substrates increase YAP/TAZ nuclear translocation, leading to increased expression of 

genes associated with cell survival and proliferation [67, 72, 73]. Reduced mechanical signaling on soft substrates 

may facilitate apoptosis, making these environments potentially more effective for therapeutic interventions [74]. 

Research suggests that softer substrates may enhance apoptotic signaling. On softer substrates, increased expression 

of the pro-apoptotic proteins BAX and BAK leads to mitochondrial permeability, cytochrome c release, and 

caspases activation, leading to cell death. Soft environments may increase the expression of death receptors such as 

Fas and TRAIL-R and increase susceptibility to apoptosis through caspase-8 activation [75-77]. 

Stiff substrates can activate pathways that promote cell survival and drug resistance, particularly the 

PI3K/AKT/mTOR pathway, which may reduce the efficacy of Abiraterone Acetate by promoting cell proliferation 

and reducing apoptosis. This response may be further mediated by hypoxia-related pathways, such as HIF-1α, which 

also contribute to drug resistance in mechanically harsh environments. Stiff substrates have been associated with 

increased activation of the PI3K/AKT/mTOR pathway, which is critical for cell survival and proliferation in prostate 

cancer [78, 79]. Dysregulation of this pathway is common in advanced prostate cancer and leads to resistance to 

therapies such as Abiraterone Acetate [80]. HIF-1α expression is increased in harsh environments, enhancing cell 

survival and reducing drug-induced apoptosis. The TGF-β pathway also plays a role in increasing drug resistance 

and cell invasion under these conditions [78, 81, 82] 

5. Conclusions 

Significant results were obtained from the study examining the effects of substrate stiffness and chemical drug 

abiraterone acetate on cell viability and morphology in DU145 and LNCaP cell lines. The IC50 results showed that 

the medication was more hazardous to DU145 cells than to LNCaP cells, which may indicate that various prostate 

cancer cell lines had varying drug sensitivity. The examination of cell morphology demonstrated unique reactions to 

both drug treatment and substrate stiffness. Substrates caused a shift in the morphology of DU145 cells toward 

round and semi-round shapes; this shift was especially noticeable on the soft substrate. On the other hand, LNCaP 

cells exhibited a tendency towards a spherical shape on all surfaces, with a discernible difference in elongation on 

rigid substrates. In both cell lines, combining the medication with substrates led to a decrease in elongated cells and 

an increase in round cells. However, the statistical significance differed. Significantly, the drug-treated soft substrate 

showed a drop in elongated cells and an increase in round cells, suggesting a strong cytotoxic effect. Evaluation of 

cell death highlighted the medication and substrates' synergistic effects even more. The drug's soft substrate caused 

the most significant rise in dead cells in the DU145 and LNCaP cell lines, demonstrating how effective it is at 

inducing cell death.  

Our research concludes by highlighting the significance of medication interactions and substrate properties in 

modifying prostate cancer cell behavior. Comprehending these dynamics is essential for formulating focused, 

therapeutic approaches customized to the distinct attributes of cancerous cells, hence potentially enhancing 

treatment results in patients with prostate cancer with differing metastatic propensities. To completely understand 

the therapeutic potential of substrate stiffness modulation in combination with anti-cancer medications, more 

investigation into the underlying mechanisms causing these effects is necessary. 
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