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A B S T R A C T

Introduction: Colorectal cancer (CRC) has a high mortality globally and is classified as a main serious type of
cancers. Correspondingly, investigating the fluctuations of key genes in dissimilar signaling pathways, show
incompatible performance in carcinogenesis and tumorigenesis. So, WNT signaling (Wnt/β-catenin) is one of the
most important in this category. Hence, the alterations of WNT1, KLF5 and WNT16 were measured and analyzed
in both tumoral and non tumoral tissues of CRC.
Materials and methods: 72 patients with CRC (according to the confirmation of the pathology department) were
involved in this project. Basically, 72 tumoral and 72 non-tumoral tissues of each patient after getting patients
agreement in Omid Clinic, Babol city, Iran, were investigated, using Real-time PCR in conjunction with the
association of all tissues modifications (staging, grading, metastasis and lymph node) in comparison with all
gene's upregulation and downregulation.
Results: The expression of WNT1, KLF5 and WNT16 genes were upregulated significantly (P = 0.002) im-
portantly, the upregulation of WNT1 expression was associated with tumor size high-grade tumors (P = 0.02),
late-stage tumors (P = 0.02) and lymph node metastasis (P = 0.05). WNT16 expression was significantly
(P = 0.02) associated with lymph node metastasis. Whereas, other clinicopathological features did not show an
association with examined gene expression.
Conclusion: All these genes including WNT1, KLF5 and WNT16 had a remarkable upregulation in tumoral tis-
sues. Consequently, the alteration of these genes expression indicated that they can be advised as a main di-
agnostic biomarker in CRC.

1. Introduction

Colorectal cancer (CRC), is one of the most important type of serious
malignancies with a high mortality worldwide. In this account, the
cause of CRC is rudimentary due to the age and lifestyle parameters and
other main factors including chronic inflammation, a number of mu-
tations and modifications in suppressor genes and main oncogenes and
genetics are related with the development of CRC. Mutations happen in
the Wnt signaling pathway frequently which lead to the carcinogenesis
in CRC (Keum and Giovannucci, 2019). The Wnt signaling cascade is
involved in many main cell activities comprising embryonic develop-
ment, cell proliferation, apoptosis, carcinogenesis and also tumorigen-
esis. The canonical Wnt signaling pathway has the potential to regulate

gene transcription. Remarkably, this signaling pathway is also named
the Wnt/β-catenin pathway (MacDonald et al., 2009). Through the
binding of the Wnt protein to the N-terminal extracellular cysteine-rich
domain of a Frizzled family receptor, Wnt/β-catenin signaling pathway
starts and activate to the translocation of collected β-catenin into the
nucleus, and finally generate to the transcription of its target genes,
containing proto-oncogenes (Mohammed et al., 2016; Clevers et al.,
2014). Alterations for some certain genes with the ability for the mu-
tation in the Wnt pathway is a novel and significant study zoom in
progression for treatment of CRC (Schatoff et al., 2017).Conspicuously,
Wnt-1 is a Wnt family member that causes this signaling pathway. Few
studies associated to Wnt-1 expression in CRC indicated an over-
expression or a lack of expression of Wnt-1 in tumor tissue contrast to
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normal colonic mucosa (Wang et al., 2018). These incompatible and
uncertain research recommend that Wnt-1 expression was adjusted by
an unknown function in these special cases (Stanczak et al., 2011).

Correspondingly, WNT16 gene at chromosome 7q31.31 encodes
two main isoforms due to essential splicing of an obligatory promoter
type. WNT16 was considered strongly as the most important differen-
tially expressed gene after 4,4′-DiOMEA treatment that is most influ-
ential structure in the inhibition of CRC cell proliferation (Sun et al.,
2012). Most impressive function of this gene including responding to
oxidative stress and pathways associated to cancer, comprising both
Wnt and Hedgehog pathways (de Molina et al., 2015).

Another main gene in this project was, the Krüppel-like family of
transcription factors (KLF) which plays key roles during development
process and is related in carcinogenesis and tumorigenesis. In this ac-
count, KLF5, a zinc-finger transcription factor expressed in the in-
testinal epithelium crypts strongly and has been indicated to encourage
the carcinogenesis and tumorigenesis in CRC and is appeared in cancer
cells (Bialkowska et al., 2017; McConnell and Yang, 2010). Relatively,
some recent studies have shown that the KLF5, can accomplish as an
oncogene (Xia et al., 2019). Remarkably, previous research indicated
the copy number amplification of wide regions on chromosome 13q
harboring the KLF5 in salivary gland and also gastric and tumors. It was
recognized that the noncoding super-enhancers to the KLF5 gene in
head and neck squamous cell carcinomas are associated with KLF5
overexpression (Pattison et al., 2016). Furthermore, the recurrent
missense mutations in a zinc-finger DNA binding domain of KLF5 in
both lung adenocarcinomas and lung squamous cell carcinomas, and in
a phospho-degron domain of KLF5 in CRC were discovered too(Zhang
et al., 2018).

It is also confirmed that KLF5 is a mediator of RAS/MAPK and WNT

pathways under homeostatic situations and enhance the tumorigenic
performance during the progression and proliferation of intestinal
adenomas. Meanwhile, it was indicated that the KLF5 expression is
regulated by WNT and RAS/MAPK/PI3K signaling pathways (Nandan
et al., 2010). Although, the RAS/MAPK/PI3K signaling pathways utilize
its functions precisely during early EGR1 (growth factor 1), a potent
transcriptional activator of KLF. The WNT pathway also regulates the
KLF5 protein degradation through GSK3β phosphorylation and a sub-
sequent FBW7α-dependent degradation and the KLF5 is itself a strong
regulator of WNT and RAS/MAPK signaling pathways (Amin et al.,
2015). Interestingly, the modifications of WNT1, KLF5 and WNT16
were investigated in both tumoral and non tumoral tissues of CRC in
this project.

2. Materials and methods

2.1. Sample collection

The study was accomplished on 72 tumoral and non-tumoral tissues
(margin tissue or surrounding the tumor) of 72 CRC patients (53 female
and 19 male) with different stages and grades. The histopathological
status of patients is shown in Table 2. After obtaining patients' relative's
consent, tissue samples were prepared directly in the colonoscopy room
in Omid Clinic, Babol city, Iran, for each patient by snap frozen in liquid
nitrogen, and stored at −80 °C.

2.2. RNA extraction

RNA isolation from human tumoral and nontumoral tissues was
performed using Trizol. (Invitrogen cat no 15596-025, USA.) according
to the manufacture's protocol. RNA quantity and quality were measured
and checked by A260/A280 ratio using NanoDrop spectrophotometer
(TC100, USA) and electrophoresis on agarose gel 2% in order to detect
and observe the ribosomal RNA bands.

2.3. cDNA synthesis

Relatively, cDNA synthesis was done in the presence of 1 pg total
RNA, 4 μl 5× reaction buffer, 10 mM each of dNTPs, and 1 μl by
QuantiTect Reverse Transcription Kit (Cat no 20S313, USA) in a final
volume of 20 μl for each reaction.

Table 1
The sequences of primers used for Real-time PCR.

Primer sequence (5′–3′)

Forward WNT1 5′-GCAGCACAGAGCGGGCAAAG-3′
Reverse WNT1 5′-TGTAAGCAGGTTCGTGGAGGAG-3′
Forward WNT16 5′-AGATGGAACTGCATGATCACC-3′
Reverse WNT16 5′-CAAGGTGGTGTCACAGGAAC-3′
Forward KLF5 5′-GAGTTGGGTGAAATAGAGG-3′
Reverse KLF5 5′-TCGAATAAACTCCTCARACA-3′
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Fig. 1. Scatter plot analysis of relative expression of
WNT1, KLF5 and WNT16 in CRC patients. The Y
axis indicates the logarithm of relative gene ex-
pression. Horizontal red lines represent cut-off va-
lues logarithms for two-fold changes in expression
(FC ≥ 2.0, p < .05). The upper part of the graphs
indicates up-regulation in the tumoral compared to
the non-tumoral tissue; the lower part of the graph
indicates down-regulation in the tumoral compared
to the non-tumoral tissue (differences in expres-
sion ≥ 2; P < 0.05). The WNT1, KLF5 and WNT16
expression level had increased significantly in tu-
moral compared to the non-tumoral samples
(P = 0.002). (For interpretation of the references to
colour in this figure legend, the reader is referred to
the web version of this article.)
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2.4. Real-time PCR

Real-time PCR was done by Exicycler q6, Bioneer, USA, using a
forward and reverse primers and also the expression levels of all these
genes were normalized against GAPDH, as control. The 20 μl PCR
comprised 1μμl RT yield, 0.5 mM each forward and reverse primers.
The PCR reagents were all from Qiagen HotStarTaq reagent set (Qiagen,
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Fig. 2. The data revealed a significant upregulation of WNT1, KLF5 and WNT16 expression in colorectal cancer (P < 0.05).
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Fig. 3. Fold change of (a) WNT1 (P = 0.03), (b) KLF5 (P = 0.02) and (c) WNT16 (P = 0.02) expression in tumoral tissues in comparison with non-tumoral (tumor
margin) tissues.

Table 2
Clinicopathological characteristics of colorectal cancer cases.

Characteristics Total (N = 72)

Patients (%)
Gender
Female 53 (73.6)
Male 19 (26.4)

Age
< 60 years 38 (52.8)
≥60 years 34 (47.2)

Stage
I 6 (8.3)
II 24 (33.3)
III 38 (52.8)
IV 4 (5.6)

Grade
Well differentiated 4 (5.6)
Moderate differentiate 26 (36.1)
Poorly differentiate 39 (54.1)
Undifferentiated 3 (4.2)

LM
Yes 45 (62.5)
No 27 (37.5)

DM
Yes 44 (61.1)
No 28 (38.9)

Table 3
The association of gene expression with clinicopathological qualification. LM:
Lymph node Metastasis, DM: Distance Metastasis; ↓/−: decrease or no change
of expression; ↑: increase of gene expression.

WNT1 P value KLF5 P value WNT16 P value

Tumor stage ↓/− ↑ 0.02 ↓/− ↑ 0.5 ↓/− ↑ 0.5
I-II 0 30 0 30 0 30
III-IV 0 42 0 42 0 42

Tumor grade 0.02 0.7 0.3
I-II 0 30 0 30 0 30
III-IV 0 42 0 42 0 42

LM 0.05 0.4 0.02
Yes 0 45 0 45 0 45
No 0 27 0 27 0 27

DM 0.1 0.3 0.08
Yes 0 44 0 44 0 44
No 0 28 0 28 0 28

LM: Lymph node Metastasis, DM: Distance Metastasis.
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cat no 203205). The mixtures were incubated at 96 °C for 5 min, fol-
lowed by 43 cycles of 90 °C for 45 s, and 63 °C for 1 min. All reactions
were performed as triplicate. The CTs were described as the fractional
cycle number.

2.5. Primers design

The primers were designed by Allel ID version 7 software. The first
cDNA strand was synthesized. The sequences of forward and reverse
primers used are given in Table 1. An amount of 1 μl cDNA from each
sample was determined for amplification. GAPDH (glyceraldehyde 3-
phosphate dehydrogenase) was empoyed as a housekeeping gene.
Amplification occured in a 20 μl final volume by initial incubation at
96 °C for 5 min, followed by 43 cycles of 95 °C for 30 s and 60 °C for
1 min. The range of up-regulation or down-regulation in each sample
was measured using the 2-▲▲ ct method.

2.6. Statistical analysis

Gene expression was analyzed was by an Exicycler set.
Correspondingly, data were analyzed using the ANOVA test and SPSS
software (version 25, Chicago). P values < 0.05 were considered as
statistically significant.

3. Results

3.1. Gene expression evaluation in tumoral tissues

The analysis of expression levels of tumoral and corresponding non-
tumoral tissues for WNT1, KLF5 and WNT16 genes indicated the sig-
nificant upregulation (P = 0.002) of these genes in all samples (Figs. 1,
2 and 3). Remarkably, all these genes fluctuations indicated a re-
markable increase in tumoral tissues with a certain P-value.

3.2. Clinicopathological analysis

Clinicopathological consequences ofWNT1, KLF5 and WNT16 genes
expression were evaluated in 72 patients diagnosed with adenocarci-
noma of CRC. Patients' clinicopathological characteristics are sum-
marized in Table 2. The analysis of different clinicopathological vari-
ables and genes expression correlation is presented in Table (up/down).
The mean age of patients was 58.9 ± 12.5 years at the time of diag-
nosis (female to male ratio, 4:1; age range, 37–88 years). In general,
more than half of the patients had advanced T-stage (Stages III–IV), and
high-grade histology. Lymph-node metastasis and distant metastasis
was observed in> 60% of the patients.

The amount of gene expressions of all samples was compared and
investigated with the stage, grade, lymph node metastasis and distance
metastasis of all patients. The analysis of different clinicopathological
variables and genes expression correlation is presented in Table 3.
Statistical analyzes were performed using SPSS 25 and also Chi Square
test and t-test.

Fig. 4. The Association ofWNT1 expression with clinicopathological qualifications. WNT1 upregulation was significantly associated with (a) tumor stage (P= 0.02),
(b) tumor grade (P = 0.02), (c) lymph-node metastasis (P = 0.05) and no significant association with (d) distance metastasis (P = 0.1).
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The expression of WNT1, KLF5 and WNT16 was matched with dif-
ferent clinicopathological data of the colorectal cancer patients (sum-
marized in Table 2).

3.3. The Association of WNT1, KLF5 and WNT16 expression with
clinicopathological qualifications

The histopathological of tumoral and non-tumoral tissues some
times indicate a direct relationship with the grade and stage qualifi-
cation of tumors. So, in this project the results shown different con-
clusion. It was found that upregulation of WNT1 expression was asso-
ciated with tumor size high-grade tumors, late-stage tumors and lymph
node metastasis. WNT16 expression was significantly associated with
lymph node metastasis. (P ≤ 0.05, Table), whereas there was no sig-
nificant association between these genes expression and age (P = 0.3)
or gender (P = 0.7) and other clinicopathological features of the pa-
tients (Figs. 4, 5, 6).

4. Discussion

Fluctuations of gene expression in different signalig pathways al-
ways have indicated a remarkable consequence in carcinogenesis and

tumorogenesis. Along these linse,mutations of oncogenes and tumor
suppressor genes in GI cancers especially CRC reflect a different result.
Mutations in tumor suppressors lead to inactivation function and finaly
lead to higher performance of downstream effectors (Emily Guo et al.,
2014). Increased expression usually has occurred due to the mutations
in oncogenes. There are many certain instances of mutations in both
oncogenes and also tumor suppressors genes that take palce within the
same signaling pathway in CRC (Nguyen and Duong, 2018).

Interestingly, Wnt-signaling pathway has many remrkable and key
roles including cell regulating, cell growth and strongly is included in
tumorogenesis and carcinogenesis of many different cancers comprising
CRC, hepatocellular carcinoma and also gastric cancer.It is confirmed
that the WNT16 and WNT1 expression as WNT ligands family in-
vestigated were their action insignificantly dissimilar and diverse be-
tween hepatocellular carcinoma tumor tissues and non-tumoral tissues
(Dong et al., 2019).

So,we must expect different results for these genes expression in
diiferent cancers.Meaningly,the investigation of WNT16 gene in gastric
cancer,indicated a strong upregulation in tumoral tissues and simi-
lary,we had a remarkable upregulation in tuloral tissues for this project
too (Norollahi et al., 2019).

Correspondingly,another investigation of expression of some Wnt

Fig. 5. The Association of KLF5 expression with clinicopathological qualifications. There was no significant association between KLF5 upregulation with (a) tumor
stage (P = 0.5), (b) tumor grade (P = 0.7), (c) lymph-node metastasis (P = 0.4) and (d) distance metastasis (P = 0.3).
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genes, comprising WNT1 and WNT16 indicated down regulation
(< 0.67) in CRC (Slattery et al., 2018). Wnt1 was overexpressed in a
graded level in a series of precancerous lesion, gastric adenocarcinoma
and normal gastric mucosa samples, and a strong correlation between
Wnt1 expression and gastric cancer stem cells marker was ob-
served.Cosiderably, Wnt1 increased the cell proliferation rate and also
enhanced the section of S phase in vitro (Mao et al., 2014).

The third investigayed gene in our project,was the KLF5 gene. This
gene can perform diffrently as a tumor suppressor or oncogene and this
diverse performance depends on the kind of the tissue. Many in-
vestigations indicated that the KLF5 contributes the proliferation of
intestinal epithelial cells and infelect and balance intestinal tumor-
igenesis. KLF5 expression can be balanced by Wnt signaling and con-
trary, KLF5 coordinte the performance of β-catenin, an important and
essential mediator of Wnt signaling. Furthemore, ectopic expression of
KLF5 enhances the amount of proliferation of cultured cells. These re-
searches show that KLF5 has a critical key function in regulating in-
testinal epithelial cell proliferation (Bialkowska et al., 2011). Notably,
intestinal tumors originated from mice transgenic for oncogenic KRAS
and human primary colorectal cancers in vivo, with mutated KRAS
included high levels of KLF5 (Nandan et al., 2008).

KLF5 gene showing that this factor has different properties

including growth promoting and tumor suppressive in the intestine
because it acts in growth inhibitory in colon tumor-derived and trans-
formed cells. KLF5 mRNA is downregulated in APCmin mouse and
human familial adenomatous polyposis adenomas. This consequence
can be resulted due to it's tumor suppressive role and is seemingly to be
common in epithelial cancers since KLF5 has been considered as a
tumor suppressor in prostate and breast, where its gene locus at chro-
mosome 13q21 is commonly deleted. Interestingly,deletion of this
chromosome region is discovered in many diference cancers,but, it was
not identified in CRC relating to other mechanisms for downregulation
of KLF5 in intestinal tumors (Bateman and Black, 2004).

Moreover, another survey indicated that high KLF5 expression
found in 60% of CRC tissue specimens and cell lines. Remarkably,the
results of this study indicated that the KLF5 was a poor prognosis factor
for T-down staging (Kim et al., 2019).

In another investigation that both gene expression and also DNA
Methylation of KLF5 were studied in both tumoral and non tumoral
tissues of gastric cancer,a remarkable down regulation was observed
(Samadani et al., 2019a). It can be concluded due to tumor suppressive
and oncogenic properties of this gene. Conclusively,the epigenetics
investigations of these genes is recommended strongly in all GI cancers
and their comparision can generate an impressive result in order to

Fig. 6. The Association of WNT16 expression with clinicopathological qualifications. There was no significant association between WNT16 upregulation with (a)
tumor stage (P = 0.5), (b) tumor grade (P = 0.7) and (d) distance metastasis (P = 0.08), but significantly associated with (c) lymph-node metastasis (P = 0.02).
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empoly these genes as a practical diagnostic biomarkers (Langroudi
et al., 2017; Samadani et al., 2019b; Kosari-Monfared et al., 2019).

5. Conclusion

It is concluded that the expression of WNT1, WNT16, and KLF5
genes were upregulated in tumoral tissues significantly. Importantly,
the alterations of these genes expression can be empolyed as a re-
markable biomarker in CRC.
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