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Original Article  Colorectal cancer (CRC), which is among the most prevalent cancers worldwide, is caused by
environmental and genetic factors. It has been shown that the p53 gene is associated with CRC
pathogenesis; moreover, Zyxin (ZYX) may play a role in p53 level and activity. Therefore, the
present research aimed to investigate the levels of P53 and ZYX genes and proteins in CRC tumor
samples. Cancerous tissues (n=31) and matched non-cancerous tissues (n=31) were randomly
obtained from 31 patients with CRC. Total RNA was extracted using RNXplus, and gene
expressions were assessed by Real-time PCR. Furthermore, the Western blot technique was used to
investigate the expression of ZYX and P53 proteins. The obtained results revealed that the
expression of ZYX and p53 genes in cancerous tissues showed no significant difference compared to
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Introduction

T he colorectal cancer (CRC) is considered one of the most prevalent cancers in the world (1), and it is
the third leading cause of cancer-related mortality in both genders (2). Although it is well-stablished that
environmental and genetic factors are crucial in the development of CRC (3, 4), its etiology remains unclear
(5). The p53 gene mutation plays a key role in CRC pathogenesis (6). Several proteins are important in
controlling the P53 level and function, one of which is Homeodomain Interacting Protein Kinase 2 (HIPK2).
The HIPK2 increases the stability of P53 through phosphorylation, amplifying its pro-apoptotic effect. Thus,
the proteins that may be involved in regulating HIPK2 function may also be important in regulation of P53
level and function; one of these proteins is Zyxin (ZYX) (7). The ZYX, an 82-kD phosphoprotein (8), consists
of 572 amino acids and has two major sections: an N-terminal domain and a C-terminal domain, which are
important for its interaction with various proteins (9). The ZY X is present in both the nucleus and the cytosol
and can translocate between these regions (10). The ZY X is also essential in various process types, including
skeletal organization, transcriptional regulation, differentiation, and oncogenesis (10). It is proposed that
ZY X might have a regulatory role in HIPK2-P53 signaling pathway (7).

There are conflicting findings regarding the ZYX function in cancer pathology. Some studies point to
the fact that ZY X functions as a tumor suppressor in gastric cancer, Ewing sarcoma, and prostate cancer,
while others suggest that ZY X has an oncogenic role in ovarian, glioma, and breast cancer (11-14). Due to
the potentially significant role of ZY X in the regulation of P53, we aimed to investigate the expression of the
ZYX gene and protein and its possible association with p53 expression in CRC.

Materials and methods

Sample specimens

A total of 31 fresh frozen CRC samples (case) and 31 matched non-cancerous samples (control) were
obtained from the Iran National Tumor Bank, founded by the Cancer Institute of Tehran University of
Medical Sciences, for Cancer Research, Iran. The samples size was calculated according to the following
formula (based on the mean and standard deviation of previous studies in this field):

_ (Z1-a/,+21p)?(07403)  (1.96+1.84)%(0.482+3.64%)
(H1—12)? (0.69-3.64)2
The Research Ethics Committee of Kermanshah University of Medical Sciences (Kermanshah, Iran,

Ethics Approval number: IR.KUMS.REC.1399.626) approved this study. Moreover, all the procedures were
in accordance with the 1964 Declaration of Helsinki (version 2013). The samples were selected based on
inclusion and exclusion criteria. The inclusion criterion consisted of patients with CRC. The exclusion
criteria included patients who had received chemotherapy, radiotherapy, or anti-inflammatory drugs, as well
as patients with other cancers that had metastasized to the colon or rectum. The CRC was diagnosed based
on histopathological examination, and the histopathological information was obtained from the Iran National
Tumor Bank. Furthermore, the adjacent non-cancerous tissues were assessed through histopathological
examination and reported as hon-cancerous tissues.

Determination of ZY X and p53 gene expressions

In the first step, up to 50 mg of fresh frozen tissue was homogenized using liquid nitrogen, and total
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RNA from the cancerous and matched non-cancerous tissues was extracted using RNX plus solution
(Sinaclon, Iran). The quality of the total RNA was examined by 1% Tris-acetate EDTA-agarose gel
electrophoresis. In the next step, using 2 pg of total RNA, complimentary DNA (cDNA) was synthesized via
reverse transcriptase enzyme using cDNA synthesis kit (Yekta Tajhiz Azma, Iran), based on the
manufacturer’s instructions. The expression of ZYX and p53 genes in cancerous and matched non-cancerous
tissues was determined using quantities RT-PCR with the Real Q plus 2x maser, mix Green (Ampligon) on
Applied Biosystems, Step One Plus, USA. Additionally, the products of Real-Time PCR were evaluated by
agarose gel electrophoresis. The forward and reverse sequences of the primers used (15-17) are listed in
Table 1. The expression (fold change) of the studied genes was calculated using 2-24¢ formula and g-actin
considered as a reference housekeeping gene (18).

Table 1. Primer sequences used in Real-Time PCR

Genes Primer sequence Reference
B actin F CATGTACGTTGCTATCCAGGC (15)
R CTCCTTAATGTCACGCACGAT
ZYX F ATCCTCAGAGGCAGAATGTGG (16)
R AAGCAGGCGATGTGGAAC
p53 F CAGCACATGACGGAGGTTGT 17)
R TCATCCAAATACTCCACACGC

Preparation of tissue homogenates and total protein determination

For preparing tissue homogenate, the tissues were rinsed by cold saline and crushed in liquid nitrogen.
Subsequently, the tissue homogenates were suspended in ice-cold Radioimmunoprecipitation assay (RIPA)
buffer and protease inhibitor cocktail (KIAZIST, IR), and incubated on ice for 20 min. Then, the homogenates
were centrifuged for 15 min at 20000g, -20°C and the supernatants were collected and aliquoted in three
micro-tubes and stored at -20°C. The BCA method was used to assess the total protein concertation in tissues
homogenates using BCA reagent (KIAZIST: KBCA-96. IR).
Western Blot Analysis

The expressions of ZY X and P53 proteins in cancerous and matched non-cancerous tissues were studied
using the Western Blot method. In the first step, 40ug of total protein from tissue homogenates were separated
on a 10% SDS-PAGE gel. Next, the protein bands from the gel were transferred to nitrocellulose membrane.
The membranes were then incubated for 2 h in in PBST (PBS and 0.1% Tween-20) containing 5% nonfat
skim milk (Sigma-Aldrich, USA) at room temperature. After the blocking step, the nitrocellulose membranes
were washed twice with PBST and once with PBS (20 mM PBS, pH 7.4). In the next step, the nitrocellulose
membrane was incubated with mouse monoclonal antibody against ZY X (1:1000 dilution, Sigma-Aldrich,
USA, Z0377), mouse monoclonal antibody against P53 (1:2000 dilution, STJ, USA, STJ96954) and mouse
monoclonal antibody against beta-actin (1:1000 dilution, Santa Cruz sc-47778) overnight at 4°C. Next, the
membranes were washed twice with PBST (each time for 10 min) and once with PBS for 5 min. After
washing, the membranes were incubated with HRP-Goat anti-mouse secondary antibody (1:3000 dilution,
Biolegend) for 2 h at room temperature. Finally, after three washing steps (twice with PBST and once with
PBS, each step lasting 10 min), the protein bands were visualized using BioRad ECL Select Western Blotting
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Detection Reagent (BioRad, USA). ImageJ software (version 1.47, National Institute of health, USA) was
used for densitometric analysis of the bands.
Statistical analysis

The SPSS 16 software was used to analyze the collected data. The Kolmogorov-Smirnov test was used
to assess the normal distribution of the data. Statistical differences between the studied groups were examined
using Student’s t-tests (paired t-test), and Pearson’s correlation coefficient was applied to test possible
correlation. The data were presented as mean + SD, and a P-value < 0.05 was considered statistically
significant.

Results

Demographic and Clinicopathological characteristics of the participants

As shown in Table 2, most patients were over 50 years old, did not consume alcohol, were non-
smokers, and had no family history of CRC. In most cases, the tumors were of adenocarcinoma type
with differentiation grade Il and were larger than 3 c¢cm. The characteristics of other pathological
information regarding the patients, including tumor size, histology, vascular and lymphatic invasion,
tumor staging (e.g., primary tumor, lymph node involvement, and metastasis) and TNM stage are presented
in Table 3.
ZY X and p53 gene expressions in cancerous and matched non-cancerous tissues

As shown in Fig 1(A), no statistical difference was observed between the ZYX mRNA fold change in
the participants’ cancerous tissues and the matched non-cancerous tissues (P=0.37). Additionally, as
indicated in Fig 1(B), no significant difference was found between p53 gene expression in cancerous tissues
and that in the matched non-cancerous tissues (P=0.213).
ZY X and P53 protein expression in cancerous and matched non-cancerous tissues

The protein expression of ZY X and P53 in cancerous tissues was significantly lower compared to that
in the matched non-cancerous tissues (Fig 2, A). Furthermore, our assessments indicated that ZY X and P53
protein expression showed significant reductions in cancerous tissues compared to that in the matched non-
cancerous tissues (P=0.0081 and P=0.0065, respectively; Fig.2.B and Fig.2.C).

Table 2. Demographic characteristics of the participants

Characteristics Categorization N(%)

Age <50 year 6(19.4)
>50 year 25(80.6)

Alcohol Drinker 0(0)
Non-Drinker 31(100)
Non smoker 22(71)

Smoking status DX-Smoker at Diagnosis 5(16.1)
but Discontinued 4(12.9)
Smoker

Family history Yes 13(41.9)
No 18(58.1)
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Table 3. Frequency of clinical (pathological) information of the patients

466

Characteristics Categorizations N(%)
Tumor Size <3cm 5(16.1)
>3cm 26(83.9)
Histology Adenocarcinoma 25(80.6)
Mucinous (Colloid) adenocarcinoma 5(16.1)
Other 1(3.2)
Grade | (Well Differentiated) 6(19.4)
Grade Il (Moderately Differentiated) 19(61.3)
Histology grade Grade |1l (Poorly Differentiated) 3(9.7)
Grade IV (Undifferentiated) 2(6.5)
Grade X (Unknown) 1(3.2)
Vascular invasion Yes 30(96.8)
No 1(3.2)
Lymphatic invasion Yes, Nos 29(93.5)
No 1(3.2)
Unknown 1(3.2)
Pathological T T2 4(12.9%)
T3 23(74.2)
T4 4(12.9)
Pathological N NXx 1(3.2)
NO 12(38.7)
N1 11(35.5)
N2 7(22.6)
Clinical Metastasis MO (the primary tumor) 27(87.1)
M1 (manifest metastasis) 3(9.7)
N/A 1(3.2)
TNM staging Stage | 3(9.7)
Stage 1A 8(25.8)
Stage 11B 1(3.2)
Stage 111B 10(32.3)
Stage I1IC 6(19.4)
Stage 1V 3(9.7)

Correlation analysis

The correlation between ZYX and P53 proteins was examined using correlation analysis. Our assessment
showed a direct and significant correlation between ZY X and P53 proteins (r=0.746, P=0.013) in colorectal

tumors.
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Fig. 1. ZYX and p53 gene expression levels were determined by qRT-PCR. The relative mRNA expression of (A) ZY X and (B) p53,

fold changes in gene expression were expressed as mean + SD.
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Fig. 2. The protein levels of ZY X and P53 in tumor tissues (n=5) and non-cancerous tissues (n=5) as determined by Western blotting.

The Band intensity of the studied proteins was assessed using ImageJ software (A) and expressed as mean + SD for (B) ZYX and

p53. Columns with **** or ** represent significant difference (P<0.05) compared with tumor margin.
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Discussion

In the present research, we aimed to investigate the possible role of ZYX in CRC pathogenesis, as well
as its correlation with P53 at both gene and protein levels. Based on our results, although no significant
difference was observed between tumors and matched non-cancerous tissue regarding the expression of p53
and zyx genes, the expressions of ZY X and P53 proteins significantly decreased in tumor tissue. Additionally,
our findings revealed a direct correlation between ZY X and P53 proteins.

Demographic data of CRC patients showed that 80.6% of cases were over 50 years old, 71% were non-
smokers, and 100% were non-alcoholic. It has been shown that the incidence of CRC increases after the fifth
decade of life (19), as 50% of cancers and 70% of all cancer deaths occur in older age (20). According to
pathological information, tumor size was larger than 3 cm in 83.9% of patients. Tumor growth is an important
variable indicated by T classification. However, tumor size in univariate and multivariate analyses in the
colon is significantly associated with cancer progression and patient survival (21). Moreover, pathologically,
80.6% of tumors were adenocarcinomas, and 16.1% were mucosal adenocarcinomas. The most common
tissue subtype of CRC is adenocarcinoma; mucosal adenocarcinoma is a distinct subtype characterized by
abundant mucosal components comprising at least 50% of tumor volume (22). In terms of histological
grading, 61.3% of the tumors were moderately differentiated, and 19.4% were well differentiated. Most
colorectal tumors exhibit vascular and lymphatic invasion. The presence of a lymphatic attack in CRC could
indicate the ability of cancerous cells to metastasize to lymphatic nodes. On the other hand, the invasion of
tumor cells into blood vessels and lymphatic vessels is a crucial step in the spread and metastasis of tumor
cells (23). However, when discussing demographic data, the small sample size of the present study is one of
its limitations.

The p53 gene, which is mutated in most tumors, plays a crucial role in the pathogenesis of CRC (24).
One study showed that HIPK2 can control the level and function of P53 by phosphorylation in Ser46, which
leads to P53 stability (25). The ZYX (the LIM domain of ZYX protein) may indirectly regulate P53 by
controlling HIPK2 (7), and it has been shown that ZY X has different functions in different tumors. Given
the possible role of ZY X in the regulation of P53, our aim was to investigate the expression of the zyx gene
and protein and its possible association with P53 in CRC.

The findings of gene expression analysis revealed that the expression of the zyx and p53 genes in
cancerous tissues was not significantly different from that in matched non-cancerous tissues. However, the
results of gene expression analysis indicated a trend toward an increase. On the other hand, the expression of
ZY X and P53 proteins in cancerous tissues was significantly decreased compared to matched non-cancerous
tissues. Although, a direct relationship between gene expression and protein level is expected, there are
instances where the gene expression results differ from those of protein expression. Only about 40% of
changes in protein concentration can be explained by mRNA abundance, which can be explained by other
factors such as post-transcriptional regulation, translation, varying half-life of mRNA and protein, and
protein cleavage and degradation (26). Our observations were consistent with the previous studies that noted
the correlation between gene and protein expression during dynamic conditions, such as stress responses,
may differ from ideal correlations. They demonstrated that a mismatch between gene and protein expression
can occur (27-30).
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In the current research, we found that the expression of ZYX and P53 proteins in cancerous tissues
significantly decreased compared to matched non-cancerous tissues. A direct and significant correlation was
found between ZYX and P53 proteins expression; consequently, a tumor suppressor role for ZYX in CRC
was proposed. Similar to our findings, several studies have suggested a tumor suppressor role for ZYX. In a
study conducted by Jing lou et al., the expression of ZY X in tumor tissues from 73 gastric cancer patients
was investigated. In a study carried out by Lou et al., they proposed a tumor suppressor role for ZYX in
gastric cancer and found that overexpression of ZYX decreases epithelial-mesenchymal transition (EMT)
processes in a gastric cancer cell line (12). Moreover, Amsellem V et al. found that in human Ewing tumor-
derived cells, ZYX is decreased and transferred to EWS-FLI1-transformed fibroblasts, and SK-N-MC cells
significantly decreased cell motility and anchorage-independent growth, suggesting a tumor suppressor role
for ZY X in Ewing tumor cells (31). Additionally, Lin et al. reported a tumor suppressor function for ZY X in
prostate cancer (32). Furthermore, Wei et al. examined the expression of ZYX osteosarcoma cells and
observed that ZY X prevents cell migration and proliferation, and invasion, and reported a tumor suppressor
role for ZYX (13).

Although some studies suggest a tumor suppressor role for ZYX, several others indicate an oncogenic
function for ZYX. Chenhan Zhong et al. in 2019, contended that the expression level of ZYX increased in
human CRC tissues, and its reduction interferes with the proliferation and metastasis of CRC cells; however,
our results were inconsistent with those of Chenhan Zhong et al. (33). Another study revealed that ZY X is
associated with tumor grade and stage (34). The ZYX's oncogenic and tumor suppressor activities are
probably associated to other factors, such as Siah-1 ubiquitin ligase, test condition, and organ involved. In
addition, ZY X modulates Siah-1 dimerization and possibly its activity. Therefore, an increase in the level of
ZY X during DNA damage helps to separate Siah-1 ubiquitin ligase from its substrates. Since ZY X regulates
HIPK2 stability through Siah-1, it is suggested that ZY X may control the stability of P53 and HIPK2 through
regulation of Siah-1 availability (7). In the study by CAl et al., it was reported that the expression of ZYX in
tumor tissues of patients with hepatocellular carcinoma significantly decreased compared to the liver tissues
of healthy individuals. In addition, they stated that overexpression of ZY X was correlated with alterations in
cell cycle proteins and increased cell migration and invasion (14).

The findings of our investigation demonstrated that the levels of ZYX and p53 gene expression in
cancerous tissues were not significantly different compared to matched non-cancerous tissues; however, the
level of ZY X and P53 proteins in cancerous tissues showed a significant decrease compared to matched non-
cancerous tissues. We conclude that ZY X may play a major role in the regulation of P53 and may have a
tumor suppressive function in CRC.

Acknowledgments
We would like to thank Kermanshah University of Medical Sciences for the financial support.

References

1. Ayyoubzadeh SM, Shirkhoda M, R Niakan Kalhori S, et al. A smartphone remote monitoring app to follow up colorectal cancer
survivors: Requirement analysis. JMIR cancer 2022;8:e18083.
2. Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 2040. Transl Oncol 2021;14:101174.

International Journal of Molecular and Cellular Medicine. 2025; 14(1): 462-471



Relationship of Zyxin and p53 with Colorectal cancer/ Mohammadi H, et al 470

3. Slattery M, Levin T, Ma K, et al. Family history and colorectal cancer: predictors of risk. Cancer Causes Control 2003;14:879-87.
4. Samowitz WS, Curtin K, Lin HH, et al. The colon cancer burden of genetically defined hereditary nonpolyposis colon cancer. J
Gastroenterol 2001;121:830-8.

5. Li J, Zhang A-h, Wu F-f, et al. Alterations in the gut microbiota and their metabolites in colorectal cancer: recent Progress and
future prospects. Front Oncol 2022;12:841552.

6. Rodrigues NR, Rowan A, Smith M, et al. p53 mutations in colorectal cancer. Proc Natl Acad Sci U S A 1990;87:7555-9.

7. Crone J, Glas C, Schultheiss K, et al. Zyxin is a critical regulator of the apoptotic HIPK2-p53 signaling axis. Cancer Res
2011;71:2350-9.

8. Crawford AW, Michelsen JW, Beckerle MC. An interaction between zyxin and alpha-actinin. J Cell Biol 1992;116:1381-93.

9. Beckerle MC. Zyxin: zinc fingers at sites of cell adhesion. Bioessays 1997;19:949-57.

10. Bach I. The LIM domain: regulation by association. Mech Dev 2000;91:5-17.

11. Kotb A, Hyndman ME, Patel TR. The role of zyxin in regulation of malignancies. Heliyon 2018;4:e00695.

12. LouJ, Geng S, He W, et al. Zyxin inhibits the epithelial-mesenchymal transition process in gastric cancer by upregulating SIRT1.
MedComm 2023;4:e357.

13. Wei Z, Xia K, Zhou B, et al. Zyxin Inhibits the Proliferation, Migration, and Invasion of Osteosarcoma via Rapl-Mediated
Inhibition of the MEK/ERK Signaling Pathway. Biomedicines 2023;11:2314.

14. Cai T, Bai J, Tan P, et al. Zyxin promotes hepatocellular carcinoma progression via the activation of AKT/mTOR signaling
pathway. Oncol Res 2023;31:805.

15. Keita M, Bessette P, Pelmus M, et al. Expression of interleukin-1 (IL-1) ligands system in the most common endometriosis-
associated ovarian cancer subtypes. J Ovarian Res 2010;3:1-8.

16. Kouwaki T, Okamoto M, Tsukamoto H, et al. Zyxin stabilizes RIG-1 and MAVS interactions and promotes type | interferon
response. Sci Rep 2017;7:11905.

17. Zhang W-J, Guo S-L, Yin G, et al. Association between TP53 polymorphisms and chronic lymphocytic leukemia. Eur Rev Med
Pharmacol Sci 2020;24:12073-9.

18. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative CT method. Nat Protoc 2008;3:1101-8.

19. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: incidence, mortality, survival, and risk factors. Prz
Gastroenterol 2019;14:89.

20. Jafari MD, Jafari F, Halabi WJ, et al. Colorectal cancer resections in the aging US population: a trend toward decreasing rates
and improved outcomes. JAMA Surg 2014;149:557-64.

21. Kornprat P, Pollheimer MJ, Lindtner RA, et al. Value of tumor size as a prognostic variable in colorectal cancer: a critical
reappraisal. Am J Clin Oncol 2011;34:43-9.

22. Bosman FT, Carneiro F, Hruban RH, et al. WHO classification of tumours of the digestive system. World Health
Organization; 2010.

23. Fujii T, Sutoh T, Morita H, et al. Vascular invasion, but not lymphatic invasion, of the primary tumor is a strong prognostic factor
in patients with colorectal cancer. Anticancer Res 2014;34:3147-51.

24. Badr EA, Assar MFA, Gohar SF, et al. The clinical impact of miRNA34a and P53 gene expression in colon cancer. Biochem
Biophys 2018;16:88-95.

25. Stefano VD, Blandino G, Sacchi A, et al. HIPK2 neutralizes MDMZ2 inhibition rescuing p53 transcriptional activity and apoptotic
function. Oncogene 2004;23:5185-92.

International Journal of Molecular and Cellular Medicine. 2025; 14(1): 462-471



471 Relationship of Zyxin and p53 with Colorectal cancer/ Mohammadi H, et al

26. Vogel C, Marcotte EM. Insights into the regulation of protein abundance from proteomic and transcriptomic analyses. Nat Rev
Genet 2012;13:227-32.

27. Jiang D, Cope AL, Zhang J, et al. On the decoupling of evolutionary changes in mRNA and protein levels. Mol Biol Evol
2023;40:msad169.

28. Liu 'Y, Beyer A, Aebersold R. On the dependency of cellular protein levels on mRNA abundance. Cell 2016;165:535-50.

29. Wegler C, Olander M, Wiéniewski JR, et al. Global variability analysis of mRNA and protein concentrations across and within
human tissues. NAR Genom Bioinform 2020;2:1qz010.

30. Prabahar A, Zamora R, Barclay D, et al. Unraveling the complex relationship between mRNA and protein abundances: a machine
learning-based approach for imputing protein levels from RNA-seq data. NAR Genom Bioinform 2024;6:1qae019.

31. Amsellem V, Kryszke M-H, Hervy M, et al. The actin cytoskeleton-associated protein zyxin acts as a tumor suppressor in Ewing
tumor cells. Exp Cell Res 2005;304:443-56.

32. Lin F, Yu Y-P, Woods J, et al. Myopodin, a synaptopodin homologue, is frequently deleted in invasive prostate cancers. AmJ
Pathol 2001;159:1603-12.

33.Zhong C, Yu J, Li D, et al. Zyxin as a potential cancer prognostic marker promotes the proliferation and metastasis of colorectal
cancer cells. J Cell Physiol 2019;234:15775-89.

34. Sanchez-Carbayo M, Socci ND, Charytonowicz E, et al. Molecular profiling of bladder cancer using cDNA microarrays: defining

histogenesis and biological phenotypes. Cancer Res 2002;62:6973-80.

International Journal of Molecular and Cellular Medicine. 2025; 14(1): 462-471



