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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in the world and one of the leading causes of
cancer-related deaths for both males and females [1]. Nearly
60% of patients with CRC develop metastases, which is a major
cause of mortality [2]. The identification of cancer-related genes
to define critical events in the development and progression of
CRC is therefore extremely valuable.

Recent advances in bioinformatics analyses open up
exciting new opportunities for understanding cancer genetics.
Via the use of high-throughput sequencing and other
technologies, scientists are now able to analyze vast amounts of
genetic data, uncovering patterns, biological processes, signaling
pathways, molecular functions, and relationships that were
previously unknown [3,4]. In our previous study, expression
profiling was downloaded from Gene Expression Omnibus
(GEO) databases to determine potential biomarkers that may
play an important role in CRC. Significant genes were
determined via computational and bioinformatics analysis, and
hub genes were verified using The Cancer Genome Atlas
(TCGA) [4]. In the present study, we examined the expression
and protein levels of cell division cycle 42 (CDC42) and
enhancer of zeste homolog 2 (EZH2), which are among the hub
genes determined to play a role in CRC.

CDC42, a member of the Rho GTPases family, is
involved in the regulation of critical cellular functions. Some of
those functions are cell cycle control and metastasis,
rearrangement of the actin cytoskeleton, intracellular trafficking,
cell fate determination, cell cycle control, cell polarity, and gene
transcription [5,6]. Recently, accumulating evidence has
suggested that CDC42 is highly expressed in approximately 60%
of incidences in human CRCs and plays important roles in cancer
development and progression [7,8]. This situation suggests a
potential role of this gene in tumor development.

EZH2 is a core component of the polycomb repressor
complex 2 and mediates gene silencing. EZH2 has been found to
be over-expressed in many malignancies [9-12]. EZH2
downregulation can reduce growth of invasive breast carcinoma
[13], tumor angiogenesis [14], and in vitro cell
migration/invasion of CRC cell lines [15]. Various studies have
elucidated the complex role of EZH2 in biological processes and
cancer-related events.

In our study, we used RT-gPCR and enzyme-linked
immunosorbent assay (ELISA) to examine the possible role of
CDC42 and EZH2 gene and protein expressions in SW480 and
SW620 according to the CRL-1790 cell lines. We detected that
CDC42 and EZH2 were strongly upregulated in cancer cell lines
relative to the control. In addition, we investigated CDC42 and
EZH2 expressions in blood samples of 20 CRC patients and 20
controls, finding that they were also upregulated in circulation.
These findings suggest that dysregulation of CDC42 and EZH2
expression stimulates the oncogenic potential of CRC and that
they can be developed as potential diagnostic biomarkers. Based
on these results, we conclude that CDC42 in blood may serve as
a viable and available biomarker for CRC diagnosis and
prognosis.

Materials and methods

Cell culture

CRC cell lines SW620 (metastatic), SW480 (pre-
metastatic tumor), and CRL-1790 (hormal colon) were purchased
from the American Type Culture Collection for in vitro analysis.
They were cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum, 100 IU/mL penicillin, and 100pug/mL
streptomycin at 37°C in a 5% humidified CO, atmosphere. RT-
gPCR and ELISA were used to determine the expression and
protein level, respectively.

Clinical samples

Human CRC blood samples (n=20) and age- and sex-
matched healthy controls (n=20) were collected from SANKO
University,  Faculty of  Medicine,  Department  of
Gastroenterology. G-power 3.1.9.4 was utilized for sample size
calculation and power analysis. Based on the difference in means
between the two groups, with a significance level (o) of 0.05 and
a test power (1-p) of 0.8, it was determined that the power of the
test was 80% and the minimum required sample size was 7 in
each group, which indicated that the number of individuals in the
present study was largely sufficient to detect differential
expression of genes. The patient group consisted of individuals
who did not receive antitumor therapy and who had undergone
colonoscopy and histopathological confirmation, while controls
were those who presented to primary care outpatient clinics
without gastrointestinal symptoms. This study was reviewed and
approved by the Ethics Committee of SANKO University
(2019/15-01). The patients and controls provided their written
informed consent to participate in this study. The research was
conducted according to the ethical standards of our institution
and the 1964 Helsinki Declaration and its later amendments.

Real-time PCR assays

Total RNA was isolated from cells and blood samples
using the Quick-RNA Miniprep Plus Kit (Zymo Research). RNA
isolates concentration was checked, and 5-10 ng/uL of RNA was
utilized for cDNA synthesis using specific primers. For
expression analysis of CDC42 and EZH2 markers by RT-gPCR,
5 ug of the RNA samples was reverse transcribed to utilize
reverse transcriptase OneScript® Plus cDNA Synthesis kit
(ABM), and SYBR green-based RT-gPCR was conducted with
specific primers. Relative expressions of genes were normalized
to GAPDH references, and fold changes between groups were
calculated using the 2724t method and represented as log2 fold
change [16].

ELISA

Expression of CDC42 and EZH2 marker proteins in
serum obtained from CRC patients was determined by ELISA
kits (Cloud-Clone). Protein concentrations in serum samples
were also measured with ELISA kits.

Statistical analysis

Statistical analysis was done using RStudio. All data are
presented as the means and standard deviations of three
independent experiments. The t-test was used in paired group
comparisons for normally distributed samples, one-way ANOVA
was used in three-group comparisons, and the Mann-Whitney U
test was utilized for non-normally distributed samples.
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Figure 1: Flow diagram of study and patients
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Results

The study and patient flow diagram is shown in Figure
1. CDC42 and EZH2 expression was significantly increased in
the SW480 and SW620 cell lines when compared with normal
CRL-1790 cells. CDC42 was expressed significantly higher in
the SW620 (P=0.0011) and SW480 (P<0.0001) cell cultures
(Figure 2A). EZH2 was also expressed significantly higher in the
SW620 (P=0.0079) and SW480 (P=0.0073) cell cultures (Figure
2B). In addition, the CDC42 and EZH2 expression levels in the
blood samples of 20 CRC patients and 20 healthy controls were
also examined by RT-qPCR. The levels of CDC42 and EZH2
were significantly upregulated in patients with CRC compared
with healthy control subjects. It was determined that CDC42
MRNA expression significantly increased in the CRC blood
samples (P=0.0355) (Figure 3A), as did EZH2 mRNA
expression (P=0.0422) (Figure 3B). Similar results were
obtained in terms of the protein expression levels of CDC42 and
EZH2. ELISA indicated that, compared with the healthy control,
the serum CDC42 (P=0.005) and EZH2 (P=0.0004) were
significantly increased in the CRC blood samples (Figure 4A—
4B). These data revealed that CDC42 and EZH2 are significantly
overexpressed in CRC.

Figure 2: (A) Relative CDC42 expression in CRC cell lines to CRL-1790 (three replicates
per group), (B) Relative EZH2 expression in CRC cell lines to CRL-1790 (three replicates
per group) by RT-gPCR (*P<0.05, ** P<0.01, ****P<0.0001).
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Inclusion Criteria
CRC: do not receive antitumor therapy,
with histopathological confirmation
Healthy controls: without gastrointestinal symptoms

Figure 3: (A) Relative CDC42 expression in blood samples by RT-qPCR, (B) Relative
EZH2 expression in blood samples by RT-gPCR (*P<0.05).
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Figure 4: (A) Relative protein concentration of CDC42 in blood samples by ELISA, (B)
Relative protein concentration of EZH2 in blood samples by ELISA (**P<0.01,
***p<0.001).
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Discussion

CRC is the third most common cancer worldwide,
representing the second most common cancer in women and the
third most common cancer in men. There were nearly 2 million
new cases of CRC in 2020 [17]. With the improvement of high-
throughput sequencing and screening technologies, CRC
treatment through gene-targeted therapy, which requires cancer-
associated biomarker identification, has become a novel potential
approach. In this study, the gene and protein expression levels of
the CDC42 and EZH2 genes, which we previously determined to
play a role in CRC using bioinformatics methods [4], were
determined in CRC cell lines and blood samples.

CDC42 is a small GTPase involved in multiple cellular
processes such as cell cycle control, gene expression, cell
migration, invasion, and metastasis whose aberrant expression
and activity have been shown previously in different cancer
types [18,19]. Since EZH2 regulates cell cycle progression,
dysregulation in EZH2 accelerates cell proliferation and prolongs
cell survival. This situation can indirectly lead to carcinogenesis
and cancer development. EZH2 overexpression has been
identified in many cancer types [20,21]. Therapies targeting
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EZH2, which is associated with multiple diseases and plays a
role in several biological processes, are an important strategy in
the treatment of various types of cancer and diseases.

In this study, we used two CRC cell lines and one
control cell which were isolated from normal human colon tissue
to investigate the expression of CDC42 and EZH2 in CRC. We
found that the CDC42 and EZH2 expression levels were
significantly increased in the SW480 and SW620 cell lines when
compared with normal CRL-1790 cells. These results are
consistent with the literature [22-24]. Interestingly, when
compared to the normal cell line for both genes, much higher
expression was observed in the pre-metastatic tumor cell line
than in the metastatic one. The literature describes a similar
situation in studies conducted with these two cell lines, where it
was determined that the expression of miR-26a, miR-26b, p27,
and ZNF561-AS1 in pre-metastatic cells was higher than in
metastatic cells [25-27]. However, there has been no discussion
about this trend. These findings suggest that these genes serve as
a promoter in pre-metastatic cells and that when the cell becomes
metastatic, it may transfer its function to another gene with a
decrease in its expression. This also raises the possibility of CRC
being diagnosed with these genes while it is still in the pre-
metastatic stage. This interesting phenomenon will be evaluated
in more detail in future studies.

The present study also examined CDC42 and EZH2
expression levels in blood samples of CRC patients and healthy
controls. CDC42 and EZH2 were significantly overexpressed in
CRC patients compared with healthy controls. Similar results
were obtained in terms of the protein expression levels of
CDC42 and EZH2. These data suggest that CDC42 and EZH2
act as predictive markers in CRC. In the literature, validation
studies of the mentioned genes have been mostly carried out on
frozen tissues or fresh tissues. The results obtained in previous
studies conducted with CRC patients’ tissues are compatible with
the results of our study, and the expression levels of both genes
have been found to be high [7,28,29]. Our literature review only
identified one validation study of the CDC42 gene in blood
samples [30]. The results of that study are also compatible with
our results. However, no study was found investigating the
EZH2 gene in the circulation of CRC patients. Considering that
the present study found high expression levels of CDC42 and
EZH2 in the serum of patients suffering from CRC, these two
genes may be developed as minimal invasive diagnostic markers
for CRC detection. To fully understand the role of CDC42 and
EZH2 in CRC, a longitudinal study design with a large sample
set is needed, as well as studies in mouse and cell line models.
This will be a challenging but promising task.

Limitations

The main limitation of our study is that it included a
single ethnicity and a small number of participants. Our findings
thus need to be supported by larger studies. Despite these
limitations, this study is still an important preliminary step and
provides the basis for future research.

Conclusion

In conclusion, CDC42 and EZH2 were found to be
upregulated in CRC. Our findings also suggest that these genes
may play a diagnostic role as novel biomarkers in CRC.

References

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394-424.

2. Rasool S, Kadla SA, Rasool V, Ganai BA. A comparative overview of general risk
factors associated with the incidence of colorectal cancer. Tumor biol.
2013;34(5):2469-76.

3. Slattery ML, Herrick JS, Mullany LE, Samowitz WS, Sevens JR, Sakoda L, et al. The
co-regulatory networks of tumor suppressor genes, oncogenes, and MiRNAs in
colorectal cancer. Genes Chromosomes Cancer. 2017;56(11):769-87.

4. Onur E, Denkgeken T. Integrative analysis of molecular genetic targets and pathways
in colorectal cancer through screening large-scale microarray data. Int J Data Min
Bioin. 2021;26(1-2):81-98.

5. Braga VM, Yap AS. The challenges of abundance: epithelial junctions and small
GTPase signalling. Curr Opin Cell Biol. 2005;17(5):466-74.

6. Gomez del Pulgar T, Benitah SA, Valerén PF, Espina C, Lacal JC. Rho GTPase
expression in tumourigenesis: evidence for a significant link. Bioessays.
2005;27(6):602-13.

7. Gomez Del Pulgar T, Valdés-Mora F, Bandrés E, Pérez-Palacios R, Espina C, Cejas P,
et al. Cdc42 is highly expressed in colorectal adenocarcinoma and downregulates D4
through an epigenetic mechanism. Int J Oncol. 2008;33(1):185-93.

8. Sakamori R, Yu S, Zhang X, Hoffman A, Sun J, Das S, et al. CDC42 inhibition
suppresses progression of incipient intestinal tumors. Cancer Res. 2014;74(19):5480-
92.

9. van Leenders GJ, Dukers D, Hessels D, van den Kieboom SW, Hulsbergen CA, Witjes
JA, et al. Polycomb-group oncogenes EZH2, BMI1, and RING1 are overexpressed in
prostate cancer with adverse pathologic and clinical features. Eur Urol.
2007;52(2):455-63.

10.Yamada A, Fujii S, Daiko H, Nishimura M, Chiba T, Ochiai A. Aberrant expression of
EZH2 is associated with a poor outcome and P53 alteration in squamous cell carcinoma
of the esophagus. Int J Oncol. 2011;38(2):345-53.

11.He LJ, Cai MY, Xu GL, Li JJ, Weng ZJ, Xu DZ, et al. Prognostic significance of
overexpression of EZH2 and H3k27me3 proteins in gastric cancer. Asian Pac J Cancer
Prev. 2012;13(7):3173-8.

12.Huqun, Ishikawa R, Zhang J, Miyazawa H, Goto Y, Shimizu Y, et al. Enhancer of
zeste homolog 2 is a novel prognostic biomarker in nonsmall cell lung cancer. Cancer.
2012;118(6):1599-606.

13.Gonzalez ME, Li X, Toy K, DuPrie M, Ventura AC, Banerjee M, et al.
Downregulation of EZH2 decreases growth of estrogen receptor-negative invasive
breast carcinoma and requires BRCA1. Oncogene. 2009;28(6):843-53.

14.Lu C, Han HD, Mangala LS, Ali-Fehmi R, Newton CS, Ozbun L, et al. Regulation of
tumor angiogenesis by EZH2. Cancer Cell. 2010;18(2):185-97.

15.Ferraro A, Mourtzoukou D, Kosmidou V, Avlonitis S, Kontogeorgos G, Zografos G, et
al. EZH2 is regulated by ERK/AKT and targets integrin alpha2 gene to control
Epithelial-Mesenchymal Transition and anoikis in colon cancer cells. Int J Biochem
Cell Biol. 2013;45(2):243-54.

16.Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time
quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods. 2001;25(4):402-8.

17.Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 2040. Transl
Oncol. 2021;14(10):101174.

18.Qadir MI, Parveen A, Ali M. Cdc42: Role in Cancer Management. Chem Biol Drug
Des. 2015;86(4):432-9.

19.Kamai T, Yamanishi T, Shirataki H, Takagi K, Asami H, Ito Y, et al. Overexpression
of RhoA, Racl, and Cdc42 GTPases is associated with progression in testicular cancer.
Clin Cancer Res. 2004;10(14):4799-805.

20.Bachmann IM, Halvorsen OJ, Collett K, Stefansson IM, Straume O, Haukaas SA, et al.
EZH2 expression is associated with high proliferation rate and aggressive tumor
subgroups in cutaneous melanoma and cancers of the endometrium, prostate, and
breast. J Clin Oncol. 2006;24(2):268-73.

21.Krill L, Deng W, Eskander R, Mutch D, Zweizig S, Hoang B, loffe O, Randall L,
Lankes H, Miller DS, Birrer M. Overexpression of enhance of Zeste homolog 2
(EZH2) in endometrial carcinoma: An NRG Oncology/Gynecologic Oncology Group
Study. Gynecol Oncol. 2020;156(2):423-9.

22.Valdés-Mora F, Locke WJ, Bandrés E, Gallego-Ortega D, Cejas P, Garcia-Cabezas
MA, Colino-Sanguino Y, Felit J, Del Pulgar TG, Lacal JC. Clinical relevance of the
transcriptional signature regulated by CDC42 in colorectal cancer. Oncotarget.
2017;8(16):26755-70.

23.Chen JF, Luo X, Xiang LS, Li HT, Zha L, Li N, He JM, Xie GF, Xie X, Liang HJ.
EZH2 promotes colorectal cancer stem-like cell expansion by activating p2lcipl-
Whnt/B-catenin signaling. Oncotarget. 2016;7(27):41540-58.

24.Chen Z, Yang P, Li W, He F, Wei J, Zhang T, Zhong J, Chen H, Cao J. Expression of
EZH2 is associated with poor outcome in colorectal cancer. Oncol Lett.
2018;15(3):2953-61.

25.Li Y, Sun Z, Liu B, Shan Y, Zhao L, Jia L. Tumor-suppressive miR-26a and miR-26b
inhibit cell aggressiveness by regulating FUT4 in colorectal cancer. Cell Death Dis.
2017;8(6):2892.

26.Si Z, Yu L, Jing H, Wu L, Wang X. Oncogenic INcRNA ZNF561-AS1 is essential for
colorectal cancer proliferation and survival through regulation of miR-26a-3p/miR-
128-5p-SRSF6 axis. J Exp Clin Cancer Res. 2021;40(1):78.

27.Fussbroich B, Wagener N, Macher-Goeppinger S, Benner A, Falth M, Siltmann H,
Holzer A, Hoppe-Seyler K, Hoppe-Seyler F. EZH2 depletion blocks the proliferation
of colon cancer cells. PLoS One. 2011;6(7):e21651.

&

L 2

v
Page | 107



J Surg Med. 2025;9(7):104-108.

4 JOSAM

28.0huchi M, Sakamoto Y, Tokunaga R, Kiyozumi Y, Nakamura K, 1zumi D, Kosumi K,
Harada K, Kurashige J, lwatsuki M, Baba Y, Miyamoto Y, Yoshida N, Shono T, Naoe
H, Sasaki Y, Baba H. Increased EZH2 expression during the adenoma-carcinoma
sequence in colorectal cancer. Oncol Lett. 2018;16(4):5275-81.

29.Kodach LL, Jacobs RJ, Heijmans J, van Noesel CJ, Langers AM, Verspaget HW,
Hommes DW, Offerhaus GJ, van den Brink GR, Hardwick JC. The role of EZH2 and
DNA methylation in the silencing of the tumour suppressor RUNX3 in colorectal
cancer. Carcinogenesis. 2010;31(9):1567-75.

30.Gao S, Xue J, Wu X, Zhong T, Zhang Y, Li S. The relation of blood cell division
control protein 42 level with disease risk, comorbidity, tumor features/markers, and
prognosis in colorectal cancer patients. J Clin Lab Anal. 2022;36(7):e24572.

Disclaimer/Publisher’s Note: The statements, opinions, and data presented in publications
in the Journal of Surgery and Medicine (JOSAM) are exclusively those of the individual
author(s) and contributor(s) and do not necessarily reflect the views of JOSAM, the
publisher, or the editor(s). JOSAM, the publisher, and the editor(s) disclaim any liability for
any harm to individuals or damage to property that may arise from implementing any ideas,
methods, instructions, or products referenced within the content. Authors are responsible for
all content in their article(s), including the accuracy of facts, statements, and citations.
Authors are responsible for obtaining permission from the previous publisher or copyright
holder if re-using any part of a paper (e.g., figures) published elsewhere. The publisher,
editors, and their respective employees are not responsible or liable for the use of any
potentially inaccurate or misleading data, opinions, or information contained within the
articles on the journal's website.

Minimal invasive diagnostic markers for CRC
o

v

&

L 2

v
Page | 108



