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ABSTRACT

Purpose: Colorectal cancer (CRC) is one of the most common cancer types globally, with a high mortality rate. The
FAK-Rho-ROCK successive signaling cascade promotes growth, migration and invasion of cancer cells. Focal
adhesions are major sites of interactions between extracellular mechanical environments and intracellular biochemical
signaling molecules/cytoskeleton and therefore focal adhesion proteins have been proposed to play important roles
in mechanotransduction. This study aims to evaluate the effects of combination treatments with Focal Adhesion Kinase
(FAK), Rho-ROCK, and YAP/TAZ inhibitors on the proliferative and epithelial-mesenchymal transition (EMT)-related
metastatic characteristics of colorectal cancer cells.

Material and Methods: In vitro experiments were performed using the HCT-116 colon cancer cell line. The effects of
Y-15 (FAK inhibitor), ROCK inhibitor-2, and YAP/TAZ inhibitor-2, either applied alone or in combination, on cell
proliferation were analyzed using the WST-1 cell viability assay. Epithelial-mesenchymal transition (EMT) markers, E-
cadherin and N-cadherin, were evaluated via immunofluorescence staining, and fluorescent intensity was analyzed
using ImageJ software.

Results: Y-15, when applied alone or in combination with other inhibitors, significantly reduced cell proliferation
(p<0.005). Moreover, the combination of Y-15 and ROCK inhibitor-2 increased E-cadherin levels while decreasing N-
cadherin levels (p<0.0159, p<0.0286). While the effect of YAP/TAZ inhibitor-2 alone was limited, specific effects were
observed in combination treatments.

Conclusion: This study demonstrates the potential of FAK-Rho-ROCK pathway inhibitors in the treatment of
colorectal cancer. The ability of Y-15, in particular, to inhibit cell viability/proliferation and metastatic processes
suggests that combination strategies targeting these pathways could contribute to the development of new therapeutic
approaches for CRC.
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INTRODUCTION of mortality (1,2,3). Due to its impact on health and
Colorectal cancer (CRC) ranks third among cancer the burden it places on healthcare costs, new
types worldwide and stands out as a significant cause treatment approaches for CRC are constantly being
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explored. In recent years, mechanobiology has
played a crucial role in the progression of CRC, and
the knowledge gained in this field has paved the way
for new therapeutic targets (4).

The main components of the cytoskeleton, including
microtubules, microfilaments, and intermediate
filaments, play critical roles in regulating the
viscoelastic properties of cells. These structures are
associated with actin/myosin complexes, which are
fundamental in determining cell stiffness. Cell
stiffness influences key processes such as cancer
cell proliferation, differentiation, motility, and
adhesion. The Rho-ROCK signaling pathway also
contributes  significantly to these processes by
regulating actomyosin contractility (5). Focal
Adhesion Kinase (FAK) emerges as a protein that
regulates various biological processes related to
cancer cell growth and metastasis. FAK also interacts
with Rho family proteins to regulate the actin
cytoskeleton, managing cancer cell survival,
proliferation, migration, and invasion (6). Focal
adhesions play a critical role in linking extracellular
mechanical signals with intracellular biochemical
signals, with FAK proteins playing a key role in
mechanotransduction. The impact of
mechanotransduction on cancer progression has
garnered attention in recent years, and the inhibition
of these processes has become a key target in
developing new therapeutic strategies (7,8).

In the current literature, studies have shown that Y-
15, ROCK inhibitor-2, and YAP/TAZ inhibitors are
used separately in different cancer types, but there is
no study investigating their combined use in
colorectal cancer. The results of studies in cancer
types such as pancreatic and breast cancers suggest
that Y-15 is effective both alone and in combination
with other inhibitors (9,10). Additionally, research has
shown that ROCK inhibitors play a role in preventing
metastasis (11,12).

In this study, the effects of the combination of FAK,
Rho-ROCK, and YAP/TAZ inhibitors on cell
viability/proliferation and epithelial-mesenchymal
transition (EMT)-related metastatic characteristics
were evaluated in colorectal cancer cells. Cell
proliferation was analyzed using the WST-1 assay,
and the EMT process was evaluated by
immunofluorescence staining of E-cadherin and N-
cadherin biomarkers. The results reveal the potential
effects of pathway-specific inhibitor combinations on
the proliferative and metastatic characteristics of cells
associated with cell stiffness.
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MATERIAL AND METHODS

Cell Culture and Inhibitor Application

In this study, the HCT-116 colon cancer cell line
(ATCC® CCL-247) was used to model colorectal
cancer under in vitro conditions. The HCT-116 cell
line was isolated from the primary colon cancer of an
adult male patient at Dukes D stage and carries a
mutation in codon 13 of the RAS proto-oncogene.
The cell line was cultured in media recommended by
the suppliers, supplemented with 10% Fetal Bovine
Serum (FBS) and 1% penicillin-streptomycin, and
maintained in an atmosphere of 5% CO, at 37°C. For
cell preservation, a freezing medium containing 90%
FBS and 10% DMSO was used, and the cells were
stored at -80°C.

Y-15 (FAK Inhibitor 14) (MedChemExpress, Cat no:
HY-12444), ROCK inhibitor-2 (MedChemExpress,
Cat no: HY-119937), and YAP/TAZ inhibitor-2
(MedChemExpress, Cat no: HY-147322) were
prepared in solutions according to their stock
concentrations. Y-15 was dissolved in PBS and
stored at -80°C, while ROCK inhibitor-2 and YAP/TAZ
inhibitor-2 were dissolved in DMSO and stored under
appropriate conditions.

HCT-116 cells were seeded into 96-well plates at a
volume of 100 pul. The cells were incubated at 37°C in
5% CO, to allow for proper adherence and
morphology. Subsequently, different concentrations
of Y-15, ROCK inhibitor-2, and YAP/TAZ inhibitor-2
were applied to the cells.

*This study, conducted as part of a master's thesis,
received ethical approval from the Dokuz Eylil
University Non-Interventional Research Ethics
Committee (Date: 20.07.2022, Decision no: 2022/23-
09).

Cell Viability Assay (WST-1)

The WST-1 viability assay was used to evaluate the
effects of the drugs on cell viability. HCT-116 cells
were seeded into 96-well plates at a density of 104
cells/100 pl, and drug doses were applied after 24
hours of incubation. After 48 hours of drug treatment,
the WST-1 reagent was added, and absorbance
values were measured spectrophotometrically at 440
nm.

Immunofluorescence Staining

To evaluate the effects of the Y-15 and ROCK
inhibitor-2 combinations on epithelial-mesenchymal
transition (EMT), the immunofluorescence staining
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Figure 2. The effect of dual combinations on cell viability. A) Combination of Y-15 and YAP/TAZ inhibitor-2. B)
Combination of Y-15 and ROCK inhibitor-2. C) Combination of YAP/TAZ inhibitor-2 and ROCK inhibitor-2 (**p< 0.002)
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Figure 3. The effect of Y-15, ROCK inhibitor-2, and Statistical significance was considered at *p<0.005
YAP/TAZ inhibitor-2 drug combinations on cell viability and **p<0.002.
(**p=<0.002)
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Figure 4. The effect of ROCK inhibitor-2/Y-15 inhibitor on epithelial-mesenchymal transition in TGF-B induced and
non-induced colorectal cancer HCT-116 cells (Scale bar = 20 ym)

RESULTS

Effects of Y-15, ROCK inhibitor-2, and YAP/TAZ
inhibitor-2 on Cell Viability

Y-15 inhibitor was applied to HCT-116 cells at
concentrations ranging from 10 to 10000 nM.
According to the cell viability assay, cell viability was
significantly reduced at the 10000 nM dose (p<0.005).
However, YAP/TAZ inhibitor-2 and ROCK inhibitor-2
did not have a statistically significant effect on cell
viability (Figure 1).

Effects of Dual Drug Combinations on Cell
Viability

The combination of Y-15 and YAP/TAZ inhibitor-2
significantly reduced cell viability at 3000 and 10000
nM doses in HCT-116 cells (p<0.005). Similarly, a
significant reduction in cell viability was observed with
the Y-15 and ROCK inhibitor-2 combination at the
10000 nM dose (p<0.002) (Figure 2). However, the
combination of YAP/TAZ inhibitor-2 and ROCK
inhibitor-2 did not show a statistically significant effect
on cell viability (Figure 2).

Effects of Triple Drug Combinations on Cell
Viability

The triple combination of Y-15, ROCK inhibitor-2, and
YAP/TAZ inhibitor-2 significantly reduced cell viability
at 3000 and 10000 nM doses in HCT-116 cells
(p=0.002). The effect of this combination is attributed
to the strong inhibitory properties of Y-15 (Figure 3).
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Effects of the Y-15 and ROCK
Combination on EMT

In the process of Epithelial-Mesenchymal Transition
(EMT), HCT-116 cells induced by TGF-B showed a
decrease in E-cadherin levels and an increase in N-
cadherin levels. In the induced cells treated with the
Y-15 and ROCK inhibitor-2 combination, a significant
increase in E-cadherin levels (p=0.0159) and a
significant decrease in N-cadherin levels (p=0.0286)
were observed. These findings suggest that the
treatment combination is particularly effective on cells
undergoing the metastatic process (Figure 4).

inhibitor-2

DISCUSSION

Research on tumor biology related to cell mechanics
has shown that FAK-targeted agents are typically
used alone or in dual combinations. In our study, the
effects of Y-15, ROCK inhibitor-2, and YAP/TAZ
inhibitors on colorectal cancer cell lines were
examined. Studies on the role of FAK in processes
such as extracellular matrix (ECM) remodeling,
immune cell filtration, and epithelial-mesenchymal
transition (EMT) have demonstrated the critical role of
the FAK pathway in cancer progression (13,14).
These findings are consistent with our results, which
showed that the Y-15 inhibitor significantly reduced
cell viability when used alone.

In addition to FAK inhibition, the effects of the ROCK
pathway on cancer cell proliferation and metastasis
are also significant. In our study, ROCK inhibitor-2,
when used either alone or in combination, did not
show a significant effect on cell viability. However, the
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literature suggests that ROCK inhibitors, when
combined with chemotherapy and immunotherapies,
enhance efficacy in cancer treatment (15).
Furthermore, studies by Nam et al. have shown that
ROCK inhibition can increase the efficacy of
doxorubicin, reducing tumor burden (16). In contrast,
in our study, ROCK inhibition alone did not have a
significant effect on colorectal cancer cells.

The YAP/TAZ pathway is associated with the
mechanics and responses of cancer cells to their
microenvironment. In our study, YAP/TAZ inhibitor-2
alone did not significantly affect cell viability, but a
limited reduction in cell proliferation was observed
when combined with other inhibitors. The literature
indicates that YAP/TAZ inhibitors, when used in
combination with SWI/SNF complex agents, can
affect mechanotransduction processes in cancer
cells (12).

In our study, it was found that combining Y-15 with
other inhibitors further reduced cell stiffness and
proliferative properties. Specifically, Y-15 stands out
as a promising agent in colorectal cancer treatment
by inhibiting cancer cell survival and metastasis
through FAK inhibiton (17, 18). Studies by
Golubovskaya et al. have also shown that Y-15
blocks tumor growth through FAK inhibition in various
cancer types, including colon, pancreatic, and breast
cancers (18).

CONCLUSION

In conclusion, this study demonstrated that the
inhibition of the FAK-Rho-ROCK signaling cascade
suppresses proliferation and metastasis in colorectal
cancer cells. Given the effects of cell stiffness and
mechanics on cancer progression, combination
therapies using inhibitors of this pathway provide
opportunities for developing new therapeutic
strategies. As highlighted in the literature, considering
the contribution of matrix stiffness to cancer
progression and its relationship with resistance to
anti-VEGF therapy, agents such as FAK and YAP
inhibitors may be more effective in combination
treatments (19).

Acknowledgement: Authors thank to Dokuz Eylul University,
Scientific Research Projects Coordination Unit.

Author contribution: Analysis: ST, HK, NK, GCK. Critical review:
GCK, YB. Conception: CK, YB. Data collection: ST, HK, NK.
Design: ST, CK, YB. Funding: YB. Literature review: ST, CK, GCK.
Materials: YB. Supervision: CK, HK, NK, GCK Writing: ST, GCK,
YB.

Conflict of interests: The authors declare no conflict of interest.

769

Turkmen S et al. Inhibition of FAK-Rho-ROCK signaling cascade in CRC

Ethical approval: This study was approved by the Non-
Interventional Research Ethics Committee of Dokuz Eylul
University (Date: 20.07.2022, Number: 2022/23-09).

Funding: This study was supported by the Scientific Research
Projects Coordination Unit of Dokuz Eylul University (Project No:
TYL-2024-3105).

Peer-review: Externally peer-reviewed.

REFERENCES
1. Dekker E, Tanis PJ, Vleugels JLA, et al
Colorectal cancer. The Lancet. 2019;

394(10207):1467-1480.

2. Sung H, Ferlay J, Siegel RL, et al. Global Cancer
Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36
Cancers in 185 Countries. CA Cancer J Clin
2021;71(3):209-249.

3. Bray F, Ferlay J, Soerjomataram I, et al. Global
cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin. (2018)
68:394—-424.

4. Bras MM, Sousa SR, Carneiro F, et al
Mechanobiology of Colorectal Cancer. Cancers
(Basel) 2022;14(8):1945.

5. Guan G, Cannon RD, Coates DE, Mei L. Effect of
the Rho-Kinase/ROCK Signaling Pathway on
Cytoskeleton Components. Genes (Basel). 2023
Jan 20;14(2):272.

6. Ma WW. Development of focal adhesion kinase
inhibitors in cancer therapy. Anticancer Agents
Med Chem. 2011 Sep;11(7):638-42.

7. Zebda N, Dubrovskyi O, Birukov KG. Focal

adhesion kinase regulation of
mechanotransduction and its impact on
endothelial cell functions. Microvasc Res

2012;83(1):71-81.

8. Huang G, Ho B, Conroy J, et al. The microarray
gene profiling analysis of glioblastoma cancer
cells reveals genes affected by FAK inhibitor Y15
and combination of Y15 and temozolomide.
Anticancer Agents Med Chem 2014;14(1):9-17.

9. McLeod R, Kumar R, Papadatos-Pastos D, et al.
First-in-Human Study of AT13148, a Dual ROCK-
AKT Inhibitor in Patients with Solid Tumors. Clin
Cancer Res 2020;26(18):4777-4784.

10. Vennin C, Rath N, Pajic M, Olson MF, Timpson
P. Targeting ROCK activity to disrupt and prime
pancreatic cancer for chemotherapy. Small
GTPases. 2020;11(1):45-52.

11. Otkur W, Liu X, Chen H, et al. GPR35 antagonist
CID-2745687 attenuates anchorage-
independent cell growth by inhibiting YAP/TAZ



J Basic Clin Health Sci 2024; 8: 765-770 Turkmen S et al. Inhibition of FAK-Rho-ROCK signaling cascade in CRC

activity in colorectal cancer cells. Front
Pharmacol 20231;14:1126119.

12. Chang L, Azzolin L, Di Biagio D, et al. The
SWI/SNF complex is a mechanoregulated
inhibitor of YAP and TAZ. Nature
2018;563(7730):265-269.

13. Lee BY, Timpson P, Horvath LG, Daly RJ. FAK
signaling in human cancer as a target for
therapeutics. Pharmacol Ther 2015;146:132-49.

14. Dawson JC, Serrels A, Stupack DG, Schlaepfer
DD, Frame MC. Targeting FAK in anticancer
combination therapies. Nat Rev Cancer.
2021;21(5):313-324.

15. Vennin C, Rath N, Pajic M, Olson MF, Timpson
P. Targeting ROCK activity to disrupt and prime
pancreatic cancer for chemotherapy. Small
GTPases 2020;11(1):45-52.

16. Nam GH, Lee EJ, Kim YK, et al. Combined Rho-
kinase inhibition and immunogenic cell death
triggers and propagates immunity against cancer.
Nat Commun 2018;9(1):2165.

17. Golubovskaya V, O'Brien S, Ho B, et al. Down-
regulation of ALDH1A3, CD44 or MDR1
sensitizes resistant cancer cells to FAK
autophosphorylation inhibitor Y15. J Cancer Res
Clin Oncol 2015;141(9):1613-31.

18. Golubovskaya V, Curtin L, Groman A, Sexton S,
Cance WG. In vivo toxicity, metabolism and
pharmacokinetic properties of FAK inhibitor 14 or
Y15 (1, 2, 4, 5-benzenetetramine
tetrahydrochloride). Arch Toxicol
2015;89(7):1095-101.

19. Zheng Y, Zhou R, Cai J, et al. Matrix Stiffness
Triggers Lipid Metabolic Cross-talk between
Tumor and Stromal Cells to Mediate
Bevacizumab Resistance in Colorectal Cancer
Liver Metastases. Cancer Res
2023;83(21):3577-3592.

770



