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Abstract

Introduction Transcription factors (TFs) are essential for many biological processes and regulate the expression
of several genes. This study’s objective was to analyze the abnormalities in TF expression, their impact on patient
prognosis, and related pathways in colorectal cancer (CRC).

Method The expression alterations of all TFs were investigated using the cancer genome atlas and GSE39582

data. Clinical data were also used to study the association between TFs expression and patient prognosis through
the Cox regression test, and a predictive model of CRC patient survival was constructed based on TFs expression.
Co-expression network was used to discover TF-related pathways. To validate the findings, the RT-gPCR method was
applied to CRC samples and adjacent normal tissue.

Results The findings revealed that ANKZF1, SALL4, SNAIT, TIGD1, LEF1, FOXST, SIX4, and ETV5 expression levels
increased in both cohorts and were linked to the poor prognosis. NR3C2, KLF4, CASZ1, FOXD2, ATOH1, SALLT, and RORC
expression, on the other hand, exhibited a significant decrease, and their increase was related to the good prognosis
of patients. The patient mortality risk model based on expression of mentioned TFs revealed that, independent of
clinical characteristics, the expression of ANKZF1, LEF1, CASZ1, and ATOHT could accurately predict patient survival
rates. According to the co-expression network, increased transcription factors were linked to metastatic pathways,
while decreasing TFs were involved to apoptotic pathways. RT-gPCR findings showed that FOXST expression was
markedly overexpressed in CRC samples. However, in CRC samples, the expression of CASZ1 decreased.

Conclusion In CRC, TFs expression of ANKZF1, LEF1, CASZ1 and ATOH1 are deregulated, which are associated with
prognosis in patients. According to our findings, changes in the expression of the mentioned TFs have the potential
to be considered diagnostic and prognostic biomarkers for CRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most frequent can-
cers and, after lung cancer, was the second greatest cause
of death from cancer in 2020 [1]. According to molecular
studies, several genes’ expression is changed in this can-
cer, and these changes are connected to an elevation and
progression of malignancy in CRC [2]. Gene level can
potentially be used as a biomarker to predict the prog-
nosis of CRC patients [3]. As a result, finding the altered
gene expression in CRC can be a highly useful therapeu-
tic and diagnostic goal.

A subset of genes called transcription factors (TFs)
are referred to as master genes because changes in their
expression and activity have an impact on the level of
other genes. In reality, one TF has the ability to control
the expression of numerous genes simultaneously and
regulate key cellular functions. The expression and activ-
ity of some TFs, like TP53, are significantly altered in
cancer cells, which can either promote or decrease the
aggressiveness and proliferation of cancer cells. How-
ever, investigations have indicated that the expression
of transcription factors such Snail, TTFI, and ZEBI are
linked to CRC growth and metastasis [4—6]. Increased
expression of a variety of transcription factors, includ-
ing PROXI and GTF3, is also linked to a poor prognosis
in CRC patients [7, 8]. As a result, transcription fac-
tor expression in CRC becomes dysregulated, which is
related to disease progression and malignancy, and tran-
scription factors may be helpful molecules for targeted
treatment and diagnosis.

TFs can change the expression of a large number of
their downstream genes. So, altering a large number of
disease-related genes at once can be accomplished by tar-
geting a disease-related TF. Additionally, TFs expression
changes and their link to CRC patient mortality rates
have received less attention, and many of their functions
are still unknown. The goal of this study was to look at
the expression change of all transcription factors in CRC
patients to determine whether there was any correlation
between them and patient survival. The linked pathways
were also investigated, and the results were confirmed
using CRC tissue samples and the RT-qPCR approach.
The expression of all transcription factors, as well as their
connection with patient survival, were assessed using the
cancer genome atlas (TCGA) and GSE39582 data. Tran-
scription factors with oncogenic and tumor suppressor
potential were also discovered, and a model for patient
mortality risk was presented based on their expression.

Material and method

Data collection and preprocessing

The differential expression of transcription factors in
colon cancer was assessed using transcriptome data from

the TCGA-COAD and GSE39582 study. For TCGA data,

Page 2 of 9

The TCGAbiolinks package was used to download the
raw data of this cancer at the initial stage [9]. The edgeR
package deleted zero or near-zero gene expression from
the expression matrix based on the CPM (Count per mil-
lion) criterion, in which the CMP was less than 10% in
50% of the samples. Following that, the data were normal-
ized using the TMM approach and then transferred to a
logarithmic state based on 2 by using limma package [10].
All analyses, including discovering differences in expres-
sion between groups and the link between TF expression
and patient prognosis, were conducted using the gener-
ated expression matrix. There were 480 tumor specimens
at various stages and 41 normal specimens in this study.
The most recent TCGA-COAD clinical data update was
retrieved and used in the study. For GSE39582, this study
contained 566 colorectal tumor specimens and 19 nor-
mal colon specimens. The limma package performed the
initial preprocessing of the GSE39582 data, including
background correction, data normalization based on the
RMA method, and logarithmic data transfer based on 2
[11]. Finally, the resulting expression matrix was used to
examine the differential expression of candidate TFs.

Clinical data preprocessing, prognosis and score risk
calculation
The association between TFs level and survival rate in
patients with CRC was investigated using TCGA-COAD
clinical data. Normal specimens, specimens with a life
expectancy of 1 or NA, and specimens with a death status
without a tumor at the time of death were eliminated. To
look into the link between TFs expression and patients’
prognosis, all TFs expression was first collected from
samples with the clinical circumstances specified. The
expression of each TF in all samples was then converted
to a Z-score, and the association between TF expression
and the patient prognosis was investigated using a uni-
variate Cox regression test. Clinical parameters includ-
ing age, sex, stage and TNM.T were considered. The
following formula was used to calculate the risk score of
patients based on the expression of TFs:

Risk score=Expression of TF1 * coefficient B related
to multivariate test+Expression of TF2 * coefficient B
related to multivariate test +....

Co-expression network and database

The human transcription factor (HTF) database (http://
humantfs.ccbr.utoronto.ca/) was used to derive a list of
all TFs and their gene information. The co-expression
network was used to find the pathways related to the
discovered TFs. The expression correlation (Pearson)
between the expression of each TF and all available
genes was investigated using the normalized data matrix.
Finally, the genes having the highest expression asso-
ciation with each TF (R>0.6, P<0.01) were chosen. All
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Table 1 Clinical information for CRC samples

Cancer name Characteristic

CRC Age
<50 9
>50 21
Gender
Male 18
Female 12
TNM stage

[ 5
Il 1
Il 9
v 5

Tumor size

Number (N=30)

<5cm 12
>5cm 18
Tumor site
Right colon
Left colon
Cecum
Sigmoid
Rectum
TNM.N

NO 17
N1 13

U= N N O

the genes in the co-expression network were enriched
through the information of the MSigDB database by
ErnrichR (https://maayanlab.cloud/Enrichr/) tool. In
actuality, the pathways related to the candidate TFs were
identified using the data from the mentioned databases.

CRC sample collection

At Milad Hospital, thirty samples of tumors and adjacent
normal tissue were surgically taken (Isfahan, Iran). A
pathologist confirmed all of the cancer samples. Further-
more, the samples were obtained with the candidates’
consent and were approved by the ethics committee with
the number of access IR.PNU.REC.1400.224. Table 1
summarized the clinical information from the samples
obtained. Until they were used, all samples were pre-
served in liquid nitrogen.

RNA extraction, cDNA synthesis and RT-qPCR

All samples were washed three times with PBS- to
remove necrotic tissue and contaminants. The TRIzol
(Invitrogen) method was used to extract RNA, which
was done according to the manufacturer’s instructions.
After that, DNase (Fermentas) was used to remove any
possible DNA contamination. cDNA was generated from
the isolated RNAs using the TaKaRa cDNA synthesis kit.
The primer-blast tool (NCBI) was used to design primers
for the FOXS1 (F: 5-CCTGGAAGCTGAGCCTGACC-3’
and R: 5-TAGCAATAAGGGCGATGTAGCTGT-3’) and
CASZ1 (F: 5-ACCGTCTCCACTGTCAAGAACG-3
and R 5-TCAGGGTCAAGGCAGTGGTAGT-3)
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genes. SYBR Green PCR master mix (TaKaRa) and spe-
cific primers for each gene were used in RT-qPCR.
The GAPDH (F: 5-TGCCGCCTGGAGAAACC-3, R:
5-TGAAGTCGCAGGAGACAACC-3’) level was used as
an internal control, and 272" was used to calculate the
expression of each gene in each sample [12].

Software and statistics

Using the R programming language (V 4.0.2), all the ini-
tial preprocessing were performed on the raw TCGA and
GEO data, and the latest update of the mentioned pack-
ages was used. The linear model method was used to
examine the difference in expression between the groups,
and the FDR level <0.01 was considered. The significance
of the differences in RT-qPCR data between groups was
assessed using the T-test, and the significance of the
association between TF expression and patient survival
was examined using the logRank test. All shapes and dia-
grams were drawn by GraphPad Prism (V 8) software and
Cytoscape (V 3.7).

Result

The relationship between abnormalities in TF expression
and patient survival

For a better insight into changes in TFs expression in
CRC, TCGA data were utilized, and the expression of all
TFs was extracted from HTF database. Of the 1637 TFs
in the HTF database, only 1467 TFs were expressed in
normal and CRC tissues after the removal of zero-expres-
sion genes from the data. The results of expression dif-
ference showed that 82 TFs had increased in level, and
207 TFs had decreased in expression with |logFC|>1 and
FDR<0.01 (Fig. 1A). On the other hand, the relationship
between the expression of expressed TFs and the progno-
sis of patients was assessed. The findings demonstrated
that 147 TF levels were linked to bad prognosis (HR>1,
logRank <0.01), while 24 of them were associated to good
prognosis (Fig. 1B, HR<1, logRank<0.01). To identify
genes with both oncogenicity and poor prognosis fea-
tures, common genes between 82 overexpressed genes
and 147 poor prognostic genes were selected, among
which eight genes, including ANKZFI, SALL4, SNAII,
TIGDI1, LEF1, FOXS1, SIX4 and ETVS5 were recognized
(Fig. 1C). NR3C2, KLF4, CASZ1, FOXD2, ATOHI,
SALLI, and RORC, on the other hand, were linked to a
considerable reduction in expression as well as a good
prognosis in patients (Fig. 1D). These results suggest that
these TFs may function as tumor suppressors and onco-
genes, and they could also serve as useful biomarkers for
the prognosis of CRC.
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Fig. 1 Increased and decreased TF expression is associated with the prognosis of patients with CRC. (A) Volcano plots for differential expression of all TFs
in CRC compared to normal are illustrated based on TCGA data. Criteria | logFC |> 1 and FDR<0.01 were considered for the selection of TFs that might
play an oncogenic and tumor suppressor role. (B) Cox regression results for TFs expression level correlation with patients’prognosis in CRC based on TCGA
clinical data are shown. (C) A Venn diagram for common overexpressed (logFC>1 and FDR<0.01) and poor prognostic (HR>1 and logRank <0.01) TFs
is illustrated. (D) Common TFs between down expressed (logFC< -1 and FDR<0.01) and good prognostic genes (HR< 1 and logRank <0.01) are shown.

Predicting the survival rate of patients with CRC based on
the level of ANKZF1, LEF1, ATOH1 and CASZ1

The preceding phases revealed that the expression of
some TF in CRC samples rose or reduced when com-
pared to normal and their level was associated to patient
prognosis. A multivariate Cox regression test was utilized
to understand better the expression of TFs as prognos-
tic markers and their independence from clinical char-
acteristics. Only the expression of the ANKZFI, LEFI,
ATOHI, and CASZ1 TFs was found to be independent
of clinical factors in predicting patients’ prognosis in
multivariate analysis (Table 2, logRank<0.05). In this
case, each patient’s risk score was determined using the
expression levels of the ANKZFI, LEFI, ATOHI, and
CASZI through the formula in the materials and meth-
ods section. The findings revealed that the expression of

ANKZFI, LEFI, ATOHI, and CASZ1 might be used to
predict the mortality risk of patients (Fig. 2B). Kaplan-
Meier results also confirmed the results and showed that
high-risk patients had lower survival rates and prognoses
(Fig. 2A, logRank <0.01). To further confirm, TCGA can-
cer samples were divided two group (low and high) based
on ANKZFI, LEF1, ATOHI and CASZI expression medi-
ans and examined by Kaplan-Meier curve. The results
showed that increased expression of ANKZFI and LEF1
was associated with increased mortality, and increased
expression of ATOHI and CASZ1 was related with
declined mortality of patients (Fig. 2C-F, logRank <0.05).
These results suggest that the expression of ANKZFI,
LEFI1, ATOHI and CASZI can significantly predict the
mortality rate of CRC patients and could have biomarker
potential to predict the prognosis of CRC patients.
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Table 2 Cox regression test results for identified TFs and related to patient survival in the presence of clinical features

Univariate Multivariate

HR P value 95% Cl HR P value 95% ClI
Age 1.8 0.12 0.92-3.39 - - -
(60> vs. <60)
Gender 14 0.23 0.72-2.63 - - -
(Female vs. Male)
Pathological Stage 11.9 2.4E-09 4.2-33.6 11.3 0.0008 3.37-18.23
(P1-P2 vs. P3-P4)
TNMT stage 93 0.007 1.27-21.32 1.76 0.59 021-14.67
(T1-T2 vs.T3-T4)
ANKZF 1expression 1.42 0.02 1.04-1.96 1.53 0.02 1.02-2.32
(High vs. Low)
SALL4 expression 1.39 0.03 1.01-1.91 1.07 0.74 0.67-1.71
(High vs. Low)
SNAIT expression 146 0.01 1.07-1.98 132 0.2 0.86-1.97
(High vs. Low)
TIGD1 expression 1.59 0.003 1.16-2.16 0.99 0.92 0.64-1.54
(High vs. Low)
FOXST expression 1.36 0.03 1.02-1.82 0.87 0.52 0.56-1.33
(High vs. Low)
SIX4 expression 1.64 0.0002 1.24-2.16 0.95 0.82 0.62-143
(High vs. Low)
LEF1expression 1.38 0.03 1.03-1.85 1.65 0.01 1.1-2.43
(High vs. Low)
ETVS5 expression 14 0.03 1.02-1.92 1.16 0.56 0.69-1.96
(High vs. Low)
NR3C2 expression 0.67 0.008 051-0.9 131 0.23 0.64-143
(High vs. Low)
KLF4 expression 0.68 0.01 0.48-0.92 132 035 0.72-2.41
(High vs. Low)
ATOH1expression 0.5 0.0001 0.35-0.72 0.51 0.01 0.29-0.89
(High vs. Low)
CASZ1expression 0.71 0.03 0.58-0.91 0.65 0.01 0.46-0.9
(High vs. Low)
FOXD2 expression 0.56 0.0004 0.41-0.78 0.62 0.06 0.39-1.09
(High vs. Low)
RORC expression 0.67 0.01 0.52-0.89 0.95 0.82 0.64-1.45
(High vs. Low)
SALLT expression 0.55 0.03 041-0.97 0.72 0.14 047-1.11

(High vs. Low)

Alternation in FOXS1 and CASZ1 expression levels in

CRC samples and association of metastatic genes with
overexpressed TFs

The expression of TFs identified in the previous steps
was investigated in GSE39582 to validate the acquired
results further. The results showed that, except SALLI,
all genes had consistent and significant alterations, which
was consistent with earlier findings (Fig. 3A, FDR<0.01).
We used the CRC sample and the surrounding normal to
assess the expression of the less well-researched FOXS1
and CASZI in CRC using the RT-qPCR approach in
order to corroborate the earlier findings. FOXSI expres-
sion rose in TCGA and GSE39582 cancer samples, but
CASZI expression dropped, according to the results
of the preceding steps. The expression of FOXSI in
cancer samples increased considerably compared to

adjacent normal samples, while the expression of CASZ1
decreased (Fig. 3B, P<0.01). In fact, RT-qPCR results
confirmed the previous findings. The pathways involved
in relation to the identified TFs were also identified
through the co-expression network to understand their
performance and roles better. As shown in the materi-
als and methods section, the pathway analysis results
showed that the overexpressed TFs were expressively
correlated with the genes of the pathways associated with
cancer cell metastases, such as epithelial mesenchymal
transition and inflammation (Fig. 4A and 4B, FDR<0.01).
Decreased TFs, on the other hand, were associated with
genes linked to the apoptotic pathway (Fig. 5A and 5B,
FDR<0.01). These findings imply that increased TFs
may contribute to cancer cell metastasis in an oncogenic
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Fig. 2 Expression of ANKZF1, LEF1, ATOH1, and CASZT can predict patient mortality risk. (A) The Kaplan-Meier diagram is illustrated for high-risk patients
versus low-risk patients. The expression mortality risk was computed based on the expression of ANKZF1, LEF1, ATOHT and CASZ1, and the risk score me-
dian was applied as cut-off value. (B) The scatter plot of ANKZF1, LEF1, ATOHT and CASZ1 genes is depicted in relation to patient mortality. (C-F) The K-M
plot is demonstrated for ANKZF1, LEF1, ATOHT and CASZ1 in CRC samples based on TCGA data. Median expression was applied as the cut-off value for

dividing patients into high expression and low expression groups.

manner, whereas decreased TFs through apoptotic path-
ways may contribute to tumor suppression.

Discussion

Many transcription factors (TFs) regulate gene expres-
sion and are involved in the pathogenesis of a variety of
diseases, including CRC [13]. Because a TF’s activity and
expression can alter the expression of a large number of
genes, finding and understanding their role in disease is
crucial. In fact, finding illness-related TFs can be used to
more effectively target a wide number of genes involved
in disease pathogenesis. Therefore, in this study, we dis-
cussed the role and expression of all TFs in CRC.

Our findings revealed that a vast number of transcrip-
tion factors become dysregulated in CRC. The results of
this study show that the expression of various transcrip-
tion factors, including ANKZFI1, SALL4, SNAII, TIGDI,
LEF1, FOXS1, SIX4, and ETV35, increased dramatically

in CRC patients and was correlated with the poor prog-
nosis. According to research, the expression of ANKZFI,
SNAII, TIGDI1, and LEFI is up-regulated in CRC tissues
and also is associated with a poor prognosis for patients
[14-17]. On the other hand, it has been shown that LEF1
can control the proliferation and invasion of CRC cells
and play a significant role in the development and pro-
gression of CRC [18]. Additionally, it has been discovered
that FOXSI can modulate EMT and cell proliferation in
liver and stomach malignancies, which helps the diseases
develop [19, 20]. For the first time, our findings revealed
that FOXS1 expression was higher in CRC samples than
in normal samples, indicating that this transcription fac-
tor could have a role in the genesis and aggressiveness of
CRC. SIX4 also increases metastasis in CRC via the PI3K-
AKT pathway [21]. The co-expression network of this
study’s findings revealed that the pathways for EMT and
metastasis are linked to genes associated with elevated
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TFs. We also showed for the first time that the expres- features could predict the patient’s risk of death. In light
sion of ANKZFI, LEFI independent of patients’ clinical  of this, it is proposed that the SALL4, SNAII, TIGDI,
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lated TFs and presented in the co-expression network.

LEF1, FOXS1, SIX4, and ETV5 as TFs may have carcino-
genic potential in CRC.

Our findings revealed that the expression of TFs
including NR3C2, KLF4, CASZ1, FOXD2, ATOH1, and
RORC in CRC samples was much lower than in normal
samples and that their increased expression was linked to
the good prognosis of patients. Reduced NR3C2 expres-
sion is related to increased invasion and proliferation of
CRC cell lines [22]. KLF4, on the other hand, is demon-
strated to decrease the proliferation of CRC cells and can
play a tumor suppressor role in this malignancy, accord-
ing to a study [23]. The results demonstrate that CASZ1
can regulate gene expression to act as a tumor suppressor
in neuroblastoma tumors [24]. Additionally, significant
research has demonstrated that by limiting cell prolifera-
tion, CASZ1 can contribute to the inhibition of tumor
growth in a variety of malignancies [25]. It has been dem-
onstrated that ATOH1 has a tumor-suppressing function
and that it is also decreased in CRC [26]. The results of
this study also showed that ATOHI and CASZ1 expres-
sion could predict CRC patient survival independent of
clinical characteristics. We also discovered that CASZI
expression was considerably lower than in normal

samples compared to CRC samples. The results of the co-
expression network showed that decreased TF expression
was associated to apoptosis-related genes. According
to these results, the expression levels of NR3C2, KLF4,
CASZI1, FOXD2, ATOH]I, and RORC reduce in CRC and
may function as tumor suppressors. The outcomes of this
study indicate that the mentioned transcription factors
can be potential therapeutic targets to treat and predict
the survival of patients with CRC. One of the limitations
of this work is that although the TFs discovered may con-
tribute to the pathogenesis of colorectal cancer, these
findings still require further in vitro and in vivo testing.

Conclusion

The findings of this study revealed that the expression of
many TFs changes in CRC significantly. The TFs expres-
sion of ANKZF1, LEFI, CASZ1 and ATOH1 are deregu-
lated, which are associated with prognosis in patients.
These TFs have the potential to be therapeutic targets as
well as reliable biomarkers of CRC. We also showed for
the first time that FOXSI and CASZI expression are sig-
nificantly altered in CRC, and we also suggest that these
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two transcription factors may have a role in the onset and
progression of CRC.
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TCGA the cancer genome atlas

HTF the human transcription factor

Acknowledgements
Thanks to Gene Raz Bu Ali for assisting in laboratory work and data analysis.

Authors’ contributions

The study design was performed by M.S.,, MM, M.F. and KG.

Data analysis and experiments were done by M.S. and M.M.
Interpretations of data were performed by M.S, MM, M.F, HN. and KG.
Bioinformatics analysis was performed by M.S. and M.M.

Manuscript writing was performed by M.S.

The manuscript was finally approved by M.F, H.N. and K.G.

Funding
Not available.

Data availability
Supporting and raw data are available upon a reasonable request to the
corresponding author.

Declarations

Ethical approval and consent to participate

All bioethical issues were reviewed and confirmed by the review board
of Milad hospital according to criteria of ministry of health and medical
education of Iran. This study was approved by the Biomedical Ethics
Committee of the Payame Noor University with the Ethics Code of IR.PNU.
REC.1400.224.

Consent for publication
All authors support the submission of the present manuscript to this journal.

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Received: 25 January 2022 / Accepted: 11 October 2022
Published online: 07 November 2022

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A,
et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. Cancer J Clin.
2021;71(3):209-49.

2. Birkenkamp-Demtroder K, Christensen LL, Olesen SH, Frederiksen CM, Laiho
P, Aaltonen LA, et al. Gene expression in colorectal cancer. Cancer Res.
2002;62(15):4352-63.

3. LinY-H, Friederichs J, Black MA, Mages J, Rosenberg R, Guilford PJ, et al. Mul-
tiple gene expression classifiers from different array platforms predict poor
prognosis of colorectal cancer. Clin Cancer Res. 2007;13(2):498-507.

4. Brzozowa M, Michalski M, Wyrobiec G, Piecuch A, Dittfeld A, Harabin-
Stowinska M, et al. The role of Snail1 transcription factor in colorectal cancer
progression and metastasis. Contemp Oncol. 2015;19(4):265.

5. Lindner P, Paul S, Eckstein M, Hampel C, Muenzner JK, Erlenbach-Wuensch
K, et al. EMT transcription factor ZEB1 alters the epigenetic landscape of
colorectal cancer cells. Cell Death Dis. 2020;11(2):1-13.

Page 9 of 9

Xu B, Thong N, Tan D, Khoury T. Expression of thyroid transcription fac-
tor-1in colorectal carcinoma. Appl Immunohistochem Mol Morphology.
2010;18(3):244-9.

7. Anuraga G, Tang W-C, Phan NN, Ta HDK, Liu Y-H, Wu Y-F, et al. Comprehen-
sive analysis of prognostic and genetic signatures for general transcription
factor Il (GTF3) in clinical colorectal cancer patients using bioinformatics
approaches. Curr Issues Mol Biol. 2021;43(1):2.

8. Skog M, Bono P, Lundin M, Lundin J, Louhimo J, Linder N, et al. Expression
and prognostic value of transcription factor PROX1 in colorectal cancer. Br J
Cancer. 2011;105(9):1346-51.

9. Colaprico A, SilvaTC, Olsen C, Garofano L, Cava C, Garolini D, et al. TCGA-
biolinks: an R/Bioconductor package for integrative analysis of TCGA data.
Nucleic Acids Res. 2016;44(8):e71-¢.

10.  Law CW, Alhamdoosh M, Su S, Dong X, Tian L, Smyth GK, et al. RNA-seq analy-
sis is easy as 1-2-3 with limma, Glimma and edgeR. F1000Research. 2016;5.

11. Smyth GK. Limma: linear models for microarray data. Bioinformatics and
computational biology solutions using R and Bioconductor. Springer; 2005.
pp. 397-420.

12. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative CT
method. Nat Protoc. 2008;3(6):1101-8.

13.  Gonzalez-Donquiles C, Alonso-Molero J, Fernandez-Villa T, Vilorio-Marqués L,
Molina A, Martin V. The NRF2 transcription factor plays a dual role in colorec-
tal cancer: A systematic review. PLoS ONE. 2017;12(5):e0177549.

14. Kim YH, Kim G, Kwon C-I, Kim JW, Park PW, Hahm K-B. TWIST1 and SNAIT as
markers of poor prognosis in human colorectal cancer are associated with
the expression of ALDH1 and TGF-B1. Oncol Rep. 2014;31(3):1380-8.

15. Wang W-J,YaoY, Jiang L-L, Hu T-H, Ma J-Q, Ruan Z-P, et al. Increased LEF1
expression and decreased Notch2 expression are strong predictors of poor
outcomes in colorectal cancer patients. Dis Markers. 2013;35(5):395-405.

16. YinL, Yan J,Wang Y, Sun Q. TIGD1, a gene of unknown function, involves cell-
cycle progression and correlates with poor prognosis in human cancer. J Cell
Biochem. 2019;120(6):9758-67.

17. Zhou X, Shang Y-N, Lu R, Fan C-W, Mo X-M. High ANKZF1 expression is associ-
ated with poor overall survival and recurrence-free survival in colon cancer.
Future Oncol. 2019;15(18):2093-106.

18.  FreihenV, Ronsch K, Mastroianni J, Frey P, Rose K, Boerries M, et al. SNAIL1
employs -Catenin - LEFT complexes to control colorectal cancer cell inva-
sion and proliferation. Int J Cancer. 2020;146(8):2229-42.

19. Bévant K, Desoteux M, Angenard G, Pineau R, Caruso S, Louis C, et al. TGF[3-
induced FOXST controls epithelial-mesenchymal transition and predicts a
poor prognosis in liver cancer. Hepatology Communications. 2021.

20. Wang S, Ran L, Zhang W, Leng X, Wang K, Liu G, et al. FOXS1 is regulated by
GLIT and miR-125a-5p and promotes cell proliferation and EMT in gastric
cancer. Sci Rep. 2019,9(1):1-18.

21. LiG,HuF, Luo X, Hu J, Feng Y. SIX4 promotes metastasis via activation of the
PI3K-AKT pathway in colorectal cancer. Peer). 2017;5:¢3394.

22. YuM,YuHL, Li QH, Zhang L, Chen YX. miR-4709 overexpression facilitates
cancer proliferation and invasion via downregulating NR3C2 and is an unfa-
vorable prognosis factor in colon adenocarcinoma. J Biochem Mol Toxicol.
2019;33(12):222411.

23. MaY,WulL, Liu X, Xu, ShiW, Liang Y, et al. KLF4 inhibits colorectal cancer cell
proliferation dependent on NDRG2 signaling. Oncol Rep. 2017;38(2):975-84.

24. Liu Z Yang X, Li Z, McMahon C, Sizer C, Barenboim-Stapleton L, et al. CASZ1, a
candidate tumor-suppressor gene, suppresses neuroblastoma tumor growth
through reprogramming gene expression. Cell Death & Differentiation.
2011;18(7):1174-83.

25. Kim B, Jung M, Moon KC. The prognostic significance of protein expression of
CASZ1 in clear cell renal cell carcinoma. Disease Markers. 2019;2019.

26. Kazanjian A, Shroyer NF. NOTCH signaling and ATOH1 in colorectal cancers.
Curr colorectal cancer Rep. 2011;7(2):121-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The expression changes of transcription factors including ﻿ANKZF1﻿, ﻿LEF1﻿, ﻿CASZ1﻿, and ﻿ATOH1﻿ as a predictor of survival rate in colorectal cancer: a large-scale analysis
	﻿Abstract
	﻿Introduction
	﻿Material and method
	﻿Data collection and preprocessing
	﻿Clinical data preprocessing, prognosis and score risk calculation
	﻿Co-expression network and database
	﻿CRC sample collection
	﻿RNA extraction, cDNA synthesis and RT-qPCR
	﻿Software and statistics

	﻿Result
	﻿The relationship between abnormalities in TF expression and patient survival
	﻿Predicting the survival rate of patients with CRC based on the level of ﻿ANKZF1﻿, ﻿LEF1﻿, ﻿ATOH1﻿ and ﻿CASZ1﻿
	﻿Alternation in ﻿FOXS1﻿ and ﻿CASZ1﻿ expression levels in CRC samples and association of metastatic genes with overexpressed TFs

	﻿Discussion
	﻿Conclusion
	﻿References


