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Abstract
Background/Aims: Genetic alterations, including changes in the expression of spastic 
paraplegia 20 (SPG20) and serine/threonine protein kinase 31 (STK31), may play an important 
role in the carcinogenesis of colorectal cancer (CRC). Identification of such changes is suitable 
for the recognition of tumors at an early stage, which would significantly improve patient 
survival. While recent studies have identified that SPG20 and STK31 expression levels increase 
in CRC tissues, their use as a biomarker is yet to be investigated. Our aim was to determine 
whether circulating SPG20 and STK31 mRNAlevels could help distinguish between patients 
with CRC and healthy individuals. Additionally, we aimed to analyze the correlation between 
SPG20 and STK31 expression patterns and the tumor stage in patients with CRC. Methods: 
Venous blood samples from 50 patients with CRC and 50 healthy controls were used. RNA 
extraction was performed, and the mRNA expression of SPG20 and STK31 was determined 
using RT-qPCR. Results: STK31 and SPG20 mRNA levels were significantly upregulated in 
patients compared to those in controls. There was a strong positive correlation between the 
expression of the two potential tumor biomarkers, STK31 and SPG20 (R=0.636, p=0.000). 
However, there was no significant relationship between the expression of STK31 or SPG20 and 
patient data, including demographic, clinical, pathological, and laboratory data. Additionally, 
there was a significant correlation between the expression level of STK31, but not SPG20, and 
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patient disease-free survival (DFS) and overall survival (OS). Conclusion: Circulating mRNA 
levels of SPG20 and STK31 could be used as ideal noninvasive biomarkers for early diagnosis 
of CRC. They could assist the oncologist in recommending appropriate management strategies 
for individual patients.

Introduction

Colorectal cancer (CRC) is one of the most commonly diagnosed cancers worldwide [1], 
with a high incidence in North America, Australia, and parts of Europe and low incidence in 
Asian countries [2]. Additionally, men show a higher incidence of CRC than women [3]. In 
Egypt, colon cancer, with an incidence of 2.98%, is the 8th most common cancer and the 9th 

most common cause of death. Meanwhile, rectal cancer, with an incidence of 1.35 %, is the 
17th most common cancer and cause of death [4]. Risk factors for CRC include aging, family 
history, smoking, alcohol consumption, high caloric intake, physical inactivity, sedentary 
lifestyle, obesity, and diabetes [5]. Hereditary CRC syndromes, such as Lynch syndrome, 
hereditary nonpolyposis colorectal cancer, and familial adenomatous polyposis, influence 
screening recommendations [6]. While CRC is associated with a variety of serum markers, 
all of them demonstrate a low ability of detecting primary CRC owing to significant overlap 
with benign disease and low sensitivity for early-stage CRC [7]. The SPG20 gene is located 
at 13q13.3 andencodes the spartin protein, which is a multifunctional protein involved in 
intracellular epidermal growth factor receptor trafficking [8], lipid droplet turnover [9], and 
bone morphogenetic protein signaling inhibition [10]. It is also identified as an adaptor for 
E3 ubiquitin ligases [11]. Aberrant methylation of the SPG20 promoter is associated with 
gene silencing, subsequently causing cytokinesis arrest and aneuploidy, which is possibly 
correlated with tumorigenesis [12]. SPG20 promoter hypermethylation was reported as a 
biomarker for CRC, with a sensitivity of 89% and 78% in CRC and adenomas, respectively, 
and a specificity of 99% [13].

The serine-threonine kinase 31 (STK31) gene was initially identified through cDNA 
subtraction as a testis-specific protein kinase gene expressed in mouse spermatogonia [14]. 
Since then, STK31 has been described as a novel cancer-testis (CT) antigen that is highly 
expressed in gastrointestinal cancer cells (colorectal, gastric, and esophageal cancer) [15], 
while being restricted to the testis and fetal brain in normal tissues [16], making it a potential 
diagnostic biomarker for CRC. An STK31-derived peptide can trigger specific cytotoxic 
T-lymphocytes and induce their lysis, which makes STK31 a good candidate for targeted 
therapy. In addition, it is shown to be a predictive and prognostic factor for early-stage and 
metastatic CRC [17].

The aim of the present study was to determine whether the quantity of circulating SPG20 
and STK31 mRNA could help distinguish between patients with CRC and healthy individuals. 
In addition, we aimed to investigate whether there is any correlation between the expression 
patterns of SPG20 and STK31 and tumor stage and grade in patients with CRC.

Materials and Methods

Study subjects
Fifty patients with CRC and 50 control subjects were included in this study. All subjects were from the 

medical oncology department of the South Egypt Cancer Institute between 2018 and 2020. The clinical and 
pathological data for the patients, including the patient’s age, sex, history of chronic illness, tumor stage 
and grade, tumor marker, treatment, disease-free survival (DFS), and overall survival (OS), were obtained 
from the registry. The control group included healthy, age-matched volunteers who did not receive regular 
medications and had no evidence of neoplastic or chronic inflammatory disease, as determined upon 
obtaining their detailed medical history and clinical examination. After recording their complete medical 
history, the patients were subjected to physical examination, MRI or multi-slice computed tomography 
(MSCT), and pathological examination of the excised tumor.

© 2022 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG
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The study protocol was approved by the 
Ethics Committee of the Assiut University, Egypt 
(IRB no:17100560), and the study was conducted 
according to the code of ethics of the World 
Medical Association (Declaration of Helsinki). 
Written informed consent was obtained from all 
participants before their participation.

Quantitative real-time PCR
Venous blood (2 ml) was collected, from both 

patients and control subjects, in EDTA tubes under 
aseptic conditions. Blood sample collection and RNA purification from blood cells were carried out on the 
same day and the samples were stored at -80 °C until further use. Total cellular RNA was extracted using 
the Gene JET RNA extraction kit (Gene JET RNA Purification Kit Catalog number: K0731_Thermo Fisher 
Scientific, Waltham, MA, USA), according to the manufacturer’s protocol. Briefly, blood samples were 
centrifuged and the supernatant was discarded. The solution was spun for a further 10 min at 2500 RPM, 
and the supernatant was aspirated. Pellets were resuspended in lysis buffer, incubated, and centrifuged, 
and the supernatant was transferred into a new vial. The RNA concentration was measured by Nanodrop 
ND-1000 Spectrophotometer SPG20 and STK31 mRNA levels were determined using the Verso SYBR Green 
1-Step qRT-PCR kit plus ROX Vial, SYBR Green qPCR Master Mix (No ROX). Catalog No. C0006 according to 
the manufacturer’s protocol. The Primers for each gene are listed as sequences for each gene in Table 1.

Relative quantification of gene expression
Relative quantification (RQ) was performed using the comparative CT (ΔΔCt) method. An RQ > 1 

implies that the target’s expression is higher than that of the controls (upregulated), and RQ < 1 implies that 
the target’s expression is lower than that of the control (downregulated) (Thermo Fisher, Life Technologies, 
Applied Biosystems. Product Name: Step-One-Plus Real-Time PCR. Catalog Number: 4376600).

Statistical analysis
Sample size calculations were conducted using the G power program (University of Kiel, Kiel, Germany). 

All statistical calculations were performed using the Statistical Package for the Social Sciences version 22 
(SPSS Inc., Chicago, IL, USA). Normally distributed data were statistically described in terms of mean ± 
standard deviation (±SD); frequencies (number of cases) and percentages were used for qualitative data. 
The Student’s t-test was used to compare continuous variables. To compare categorical data, the chi-square 
(χ2) test was performed. The exact test was used when the expected frequency was less than 5. Correlations 
between both tumor biomarkers were assessed using the Pearson (R) correlation test. The Kaplan-Meier 
test was used to compare survival between the two study groups. The Mann-Whitney U test was used to test 
the median differences of the data that did not follow a normal distribution. The Kruskal-Wallis test was 
used to test the median differences of the data that did not follow a normal distribution, and a post-hoc test 
was calculated using Bonferroni corrections. Statistical significance was set at p ≤ 0.05.

Results

SPG20 and STK31 expression levels in patients and controls
Our study included 50 CRC patients and 50 controls. The age of patients (range: 26–

72 y, mean: 47.64 ± 10.43 y) and control subjects (range: 23–72 y, mean: 45.16 ± 11.70 y) 
showed no significant differences (p=0.266). Demographic data (Table 2) did not show any 
significant differences between patients and controls as well.

Our study showed that the percentage of STK31 and SPG20 upregulation was 
significantly higher (p=0.000 for each) in patients than in controls (Fig. 1). There was a 
significant positive correlation between the expression of the two tumor biomarkers, STK31 
and SPG20 (R=0.636, p=0.000; Fig. 2).

Table 1. Primer sequences

 

F: 5’ ’
’GGCTCTTGCTCCATTTCTGCG3’

F: 5’CACGCAGCCTCCACACTCTC3’
R: 5’GGCACTGATGCCGTACCCAC3’

F: 5’TGAAGGTCGGAGTCAACGATTTGG ’
’CATGTGGGCCATGAGGTCCACCAC3’
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Disease-free survival and overall survival
The median DFS for patients with upregulated expression of STK31 was 9.5 months 

(95% CI: 8.05-10.95), which was statistically significant (p=0.000), as shown in Fig. 3.
The median DFS for patients with upregulated expression of SPG20 was 10 months 

(95% CI: 8.20-11.80). With minor variation between the levels of SPG20 tumor biomarker 
and disease status was observed in this study (p=0.183, p<0.05), as shown in Fig. 4.

The median OS for patients with upregulated expression of STK31 was 19 months 
(95% CI: 17.46-20.54). Statistically significant differences between STK31 levels and OS 
were observed in this study (p=0.022), as shown in Fig. 5.

At 6 months, the OS for patients with upregulated expression of SPG20 expression was 
100%, whereas the OS for patients with downregulated expression of SPG20 expression was 
96%. Similarly, the values of OS for patients at 12, 18 and 22 months with upregulated and 
downregulated expression of SPG20 was 96%and 80%, 65% and 61%, and 60% and 61%, 
respectively. Therefore, this gene does not affect the OS of patients, as shown in Fig. 6.

Fig. 1. Comparison between the STK31 and SPG20 
regulation rate between the studied patients and 
control groups.

Fig. 2. Correlation between the expression of the two 
tumor biomarkers (STK 31 and SPG 20) with each 
other (r=0.636, p=0.001).
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Fig. 3. Disease free survival according to STK 31 tumor 
biomarker result.

Fig. 4. Disease free survival according to SPG 20 tumor 
biomarker result.

Fig. 5. Overall survival according to STK 31 tumor bio-
marker result.

Fig. 6. Overall survival according to SPG 20 tumor bio-
marker result.
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Relationship between CRC stage and grade and the biomarkers
There were no significant differences in the fold change of expression of both markers 

according to tumor stage in the studied cohort (p=0.713 for RQ-SPG20 and p=0.270 for RQ-
STK31; as demonstrated in Table 3, Fig. 7). Additionally, there were no significant differences 
in the fold change of SPG20 expression according to tumor grade in the studied cohort 
(p=0.248). However, there was a significant difference in the fold change of STK31 expression 
according to tumor grade in the studied cohort (p=0.010). The median RQ-STK31 of grade I 
CRC was triple that of the control, that of grade II CRC was double that of the control, and that 
of grade III CRC was equal to that of the control.

More specifically, when we compared each grade with the others, we found significant 
differences in STK31 expression levels between controls and patients with grade I CRC 
(p=0.037), between controls and patients with grade II CRC (p=0.046), and between patients 
with grade I and grade III CRC (p=0.044), as shown in Table 4 and Fig. 8.

Nevertheless, in the studied cohort, we found no significant differences in SPG20 
expression between patients and controls. However, there were significant differences in 
the fold change of STK31 expression in patients double the control (Median Interquartile 
range (IQR): patients=1.9, controls=1), as shown in Supplementary Table S1 and Fig. 9 (for 
all supplementary material see www.cellphysiolbiochem.com).

Conventionally, pathologists perform CRC diagnosis by visually investigating resected 
tissue samples that are fixed and stained with hematoxylin and eosin (H&E). The presence 
and level of malignancy were measured by observing the structural alterations in the tissues, 
as shown in Fig. 10.

Table 2. Demographic characteristics of the stud-
ied participants (CRC patients N = 50, control N = 
50). *Data are mean ± SD and median (range) or 
n (%). *Student t test was used for the continuous 
variables (Age). Chi-square analysis was used for 
the categorical variables (Sex, marital status and 
occupation). Significance defined by p < 0.05

– –

Fig. 7. Fold Change of the SPG-20 and STK-31 
Marker according to tumor stage among the 
studied cohort, p-value = 0.713 (p<0.05). There 
were no significant differences in fold change of 
both markers according to tumor stage.
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Table 3. Differences in Fold Change of the Marker according to Tumour Stage among the studied Cohort. 
* Kruskal Wallis test was used to compare the mean difference between groups. **Post-hoc test with Bonfer-
roni Corrections was used to compare the mean difference between groups

Fig. 8. Fold Change of the SPG-20 and STK-31 
Marker according to the grades. Controls and 
grade I with p-value 0.037 (p>0.05). Control and 
grade II with p-value 0.046 (p>0.05). Grade I and 
III with p-value 0.044 (p>0.05).

Table 4. Differences in Fold Change of the Marker according to Tumour Grade among the studied Cohort. 
* Kruskal Wallis test was used to compare the mean difference between groups. **Post-hoc test with Bonfer-
roni Corrections was used to compare the mean difference between groups
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Discussion

Colorectal cancer (CRC) is a major worldwide public health issue and one of the most 
frequent types of solid cancers diagnosed in developed countries. Early detection of CRC 
can aid in decreasing the associated mortality, and detection of its precursor lesion can 
even reduce the incidence; however, the current CRC screening strategies present many 
limitations [18]. Both basic and clinical scientists are constantly searching for more reliable 
individual biomarkers to prevent disease relapse, occurrence of severe side effects caused 
by chemotherapy, and development of treatment resistance, which would ultimately lead to 
improved patient survival and quality of life [19].

Therefore, it is important to find new noninvasive, well-accepted biomarkers that could 
detect tumors in asymptomatic early stages, when CRC is still curable.

Our results showed a significantly higher level of STK31 expression in newly diagnosed 
patients than in controls. These findings are consistent with those reported previously [15], 
where overexpression of STK31 was observed in CRC tissues compared to that in adjacent 

Fig. 9. Fold Change of the SPG-20 and STK-31 
Marker among the studied Cohort. No significant 
differences in fold change of SPG20 between cases 
and control. Significant differences in fold change 
of STK31 cases double the control.

Fig. 10. Histological H&E images of 
colorectal. (A) Adenocarcinoma of 
the colon, Grade 2. Normal colonic 
mucosa on the left side and tumor 
on the right side of the submucosa 
(X4). (B) A high-power view of the 
previous panel (X40), (C) Mucoid 
adenocarcinoma showing areas of 
mucin poles with floating malig-
nant glands (X4), (D) Advanced ad-
enocarcinoma showing that the tu-
mor reaches the subserosa (inked 
margin) (X4).
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non-cancerous tissues. Since STK31 is known to regulate the cell cycle, it might play a 
role in tumorigenicity [15]. This was also confirmed by Xiong et al, who found that STK31 
knockdown induced apoptosis [20].

However, a recent study by Watany et al. [21] contradicts our findings, as STK31 was 
found to be highly expressed in patients with benign colorectal polyps compared to that in 
controls. This could be explained by the fact that CRC may develop during the follow-up of 
these benign polyps as a result of a sequence of genetic alterations, known as the adenoma-
carcinoma sequence [22].

Our results also showed significantly higher expression of SPG20 in the serum of 
patients with CRC compared to that in the control subjects. These results are in agreement 
with a previous study, where a high percentage of methylated reference (PMR) values for the 
SPG20 promoter was reported in the plasma and tissue samples obtained from patients with 
CRC [23]. The use of SPG20 as a screening method for CRC was first suggested by Zhang et 
al., who explored the feasibility of detecting hypermethylated SPG20 in the stool. However, 
measuring plasma levels is considered a cheaper and simpler method for screening [24]. 
Thus, both markers (STK31 and SPG20) could be used to screen for CRC using simple 
noninvasive maneuvers.

In the present study, we did not find any significant correlation between the expression 
levels of both markers and the clinicopathological data of patients, such as cancer stage, 
pathological subtype, and grade of differentiation.

For SPG20, our results were similar to those reported previously by Rezvani et al. [23] 
and Zhang et al., who found no significant differences in age, gender, and tumor location 
either [24].

For STK31, our results are consistent with previous reports that showed no correlation 
between the STK31 mRNA levels and features such as age, gender, tumor size, histologic 
grade, primary tumor invasion depth, or Duke’s stage of the carcinoma [15].

STK31 was previously found to be robustly expressed in colon cancer tissues, playing 
a critical role in differentiation [25]; however, this was not confirmed by others [15]. This 
discrepancy might become clearer in the future with a better understanding of the role of 
STK31 in the mechanism of tumorigenesis. A recent study by Kwak et al. suggests that STK31 
does not inhibit apoptosis directly but is instead responsible for the stability of programmed 
cell death 5 (PDCD5), a positive regulator of p53 during DNA damage. Similarly, other 
unknown mechanisms might be responsible for STK31 maintaining the undifferentiated 
state of the tumor [26].

Nevertheless, there were no significant differences between STK31 expression and CEA 
(the commonly used tumor marker for CRC). A previous study showed significantly higher 
levels of CEA in CRC patients compared to those in patients with benign polyps and controls; 
however, no significant difference was found between patients with benign polyps and 
controls. Additionally, a significant positive correlation was found between STK31 and CEA 
expression [21]. Since our study did not explore the levels of CEA, we do not have adequate 
data to compare with the previous reports.

Our study showed significant differences between SPG20 and CEA expression, in line 
with the study by Rezvani et al., which found that SPG20 methylation exhibited a significantly 
higher sensitivity than the CEA tumor marker [23].

We found a significant negative impact of STK31 on both DFS (p=0.000) and OS (p=0.022). 
This was consistent with the results of Zhong et al. who showed significantly high expression 
of STK31in metastatic patients [15]. Kuo et al. previously reported that overexpression of 
STK31 enhances cell migration and invasion, leading to metastasis [27]. This was confirmed 
in other tumors, such as pancreatic cancer and lung cancer, wherepatients with high 
expression of STK31 showed poorer survival [20, 28].

Our results did not show any significant association between the expression levels 
of SPG20 and DFS (p=0.183) or OS (p=0.696). This is in contrast to previous reports of a 
significant correlation between SPG20 and the poor prognosis of patients with gastric cancer 
[29] and hepatocellular carcinoma (HCC) [30].
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We found no significant differences in the fold change of SPG20 expression between 
patients and controls. In contrast, Rezvani et al. found that the median PMR values for 
plasma samples from patients were 12 times higher than thosein plasma samples from 
healthy individuals [23].

However, there were significant differences in the fold change of STK31 expression, with 
patients exhibiting double the values of control subjects. Our results are in agreement with 
previous studies, where significantly higher STK31 levels were found in patients with CRC 
compared to those in controls or patients with benign polyps [21], and overexpression of 
STK31 was observed in colorectal cancerous tissues compared to the adjacent non-cancerous 
tissues [15].

In conclusion, our study is the first attempt to analyze the expression of both STK31 and 
SPG20 in Egyptian patients with CRC in relation to diverse clinicopathological features. We 
found a higher relative gene expression level in patients with lymph node metastasis and 
established the investigative and predictive potential of both transcripts in patients with 
CRC. While STK31 is a potential diagnostic biomarker for CRC, a good candidate for targeted 
therapy and monitoring, as well as an assumptive predictive and prognostic factor for early-
stage and metastatic CRC, SPG20 is a beneficial noninvasive biomarker for early diagnosis, 
rather than the prognosis of CRC. Overall, the use of either genes represents a potential tool 
for the diagnosis of CRC and could assist oncologists in recommending suitable management 
strategies for individual patients.
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