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ABSTRACT
Article Info: PBK is a mitogen-activated protein kinase (MAPKK) among MEK1/2 and MEK7 and
28 Sep 2021 ¢ can phosphorylate P38, INK, and ERK in many cellular functions. The E2F transcription factor family also
06 Jan 2022 © belongs to a class of cellular regulators acting as oncogenes and tumor suppressors. This study aims to
01 Apr 2022 investigate the expression of PBK and E2F7 in the early stages of colorectal cancer (CRC) compared to

advanced stages based on the experimental and TCGA (The Cancer Genome Atlas) database.

A total of 32 tissue samples of patients with CRC with the approval of a pathobi-
ologist were collected according to the examination and criteria reported from different stages. After
RNA extraction and cDNA synthesis, the RT-gPCR technique was used to evaluate the expression of the
desired genes in the study groups. A receiver operating characteristic (ROC) curve analysis was also used
to determine the ability of each of the selected genes to differentiate the two populations: stage I+l and
stage llI+IV.

This research was approved by the ethics committee of Islamic Azad University,
Shahrekord Branch. (Code IR.IAU.SHK.REC.1399.022).

GEIE In this study, it was shown that the expression of PBK and E2F7 significantly increased in stage

Key words: I+l samples compared to stage IlI+IV. These data were confirmed by laboratory results and information
PBK expression, E2F7 extracted from the TCGA database. Also, based on the area under curve obtained from the ROC curves,
expression, Colorectal :  these two genes are significantly distinguishable between stage I+Il and IlI+IV populations in CRC.

cancer, ROC curve, According to the results of this study, PBK and E2F7 genes are good markers in the diag-
StageStage ' nosis of CRC.
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Introduction

lassification of different stages of the

tumor is one of the most important

steps in colorectal cancer (CRC). In-

vestigating the relationship between

different gene expressions in patients
with CRC and clinical features such as the stage of the
disease can estimate the survival and prognostic status
of patients and identify patients who are at higher risk
for recurrence. PBK is a mitogen-activated protein ki-
nase (MAPKK) among MEK1/2 and MEK7 and can
phosphorylate P38, JNK, and ERK in many cellular
functions [9]. In addition, PBK/TOPK plays an impor-
tant role in inflammation, cell apoptosis, and cell cycle
regulation. A high PBK/TOPK expression contributes
to tumor growth, proliferation, and metastasis [10].
E2F is a group of genes that encode the transcription
factor family and regulate genes involved in cell pro-
liferation, differentiation, and apoptosis [12]. In this
study, the expression level of genes in the early and
advanced stages of CRC has been investigated based
on laboratory data and the TCGA (The Cancer Ge-
nome Atlas) database.

Materials and Methods

To perform this study, tumor tissue was sampled from 32
patients with CRC at different stages. After surgery, tissue
samples were placed in RNALater solution (Behnogen,
Iran) and transferred to the Biotechnology Research Cen-
ter of Islamic Azad University, Shahrekord Branch. In
this study, Trisol (Invitrogen, USA) was used to extract to-
tal RNA according to the protocol, and the extracted RNA
was evaluated qualitatively and quantitatively. The treat-
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ed RNAs were used in the presence of DNasel enzyme
for 30 minutes at 37°C to remove possible contamination
of the extracted RNA with genomic DNA. Finally, for
cDNA synthesis, the kit of Yekta Tajhiz Azma Company
and a random Hexamer primer were used. In the present
study, the RT-qPCR technique was used to quantitatively
measure the expression level of the desired genes. Also,
based on RNASeq data extracted from TCGA and clinical
information of the samples, the stage information of each
sample was determined, and the samples were classi-
fied into two groups: stage I+1I (n=268) and stage III+IV
(n=199). The expression of the two genes was compared
between these two groups.

Results

In this study, the expression levels of PKB and E2F7 in
different stages of CRC in tumor tissues were analyzed us-
ing the RT-qPCR technique and ACt method. The results
showed that the expression level of these genes changed
significantly in different stages of the disease (Figure 1).
As can be seen, the expression levels of PBK and E2F7 in
stage I+1I are 1.3 and 2.5 times higher than in the III+IV
stage, respectively (Figure 1).

Also, the expression levels of PKB and E2F7 in colorec-
tal tumor tissues were compared between stage I+11 and
stage III+1V based on the stage information and expres-
sion extracted from the TCGA database. The results
showed that both genes in the early stages of the disease
show a significant increase in expression (Figure 2).

The results from the TCGA database, based on the ROC
curve diagram, showed PBK and E2F7 markers with ar-
eas below the surface of the diagram AUC=0.7035 and
AUC=0.8323, respectively, as significant genes in isola-
tion of these two populations (Figure 3).
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Figure 1. Figure 1. PBK and E2F7 relative expression level change diagram in Stage I+1I compared to Stage III+IV based on labora-

tory studies. The significance of gene expression changes was determined by t-test.
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, significance level P<0.05 and P<0.1000 were considered.
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Figure 2. PBK and E2F7 relative expression level change diagram in Stage I+1I compared to Stage I1I+1V based on Cancer Genome

Atlas data The significance of gene expression changes was determined by t-test.

dkk ko

, " significance level P<0.100 and P<0.1000 were considered.

Discussion

The study of molecular genetics and the expression level
of determining genes at different stages are useful for fur-
ther understanding the pathogenesis and early detection of
CRC. Therefore, detecting the expression level of PBK
and E2F7 genes in the early and advanced stages of CRC
with RT-qPCR, as well as confirming the results by tran-
scriptome data set (TCGA), may help in early diagnosis
and planning effective therapies. PBK and E2F7 genes
have been considered biomarkers in various cancers.
Therefore, in this study, for the first time, PBK and E2F7
genes were selected as genes with diagnostic potential in
early CRC. The results of studies on gastric cancer showed
that nuclear expression of PBK was significantly associ-
ated with increased invasion and lymph node metastasis.

On the other hand, the results of the Kaplan-Meier sur-
vival analysis showed that higher expression of the PBK
gene reduces the survival of patients. These results indi-
cate that PBK increases carcinogenicity and metastasis of
gastric cancer and acts as a potential biomarker for the
prognosis of the disease. The analysis of laboratory data
showed that the expression level of the PBK gene was
higher in the early stages compared to the advanced stag-
es. The results of transcriptome data also showed that the
expression level of this gene in the early stages is higher
than in the advanced stages.

The findings of this study showed that PBK and E2F7
genes have higher expression levels in the early stages
than in the advanced stages. These results suggest that
PBK and E2F7 genes can be used as biomarkers in the
early stages. However, these findings need to be con-
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Figure 3. Specificity and sensitivity of PBK and E2F7 markers in separating Stage I+1I from Stage III+IV tumors
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firmed by further studies. In addition, the level of expres-
sion of candidate genes in the early stages can be well
distinguished from the advanced stages. Therefore, more

molecular studies are needed to provide a deeper picture
of the function of PBK and E2F7 in CRC.
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6. Cholangiocarcinoma
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