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ABSTRACT The study aimed to determine the expressions of SP1 and SP3 and the clinical-pathological characteristics
of patients, and the correlation between the expressions of Specificity Protein 1 (SP1) and Specificity Protein 3 (SP3)
in colorectal cancer (CRC). In this study, tumour and adjacent non-tumour tissue samples were obtained from 41
individuals with CRC. SP1 and SP3 expressions were performed using Quantitative Real-Time Polymerase Chain
Reaction (RT-gPCR). According to the results of our study, there was no statistically significant difference in SP1 and
SP3 expression levels between tumour tissues and non-tumour tissues (p>0.05), as well as no association with clinical-
pathological features of patients. In addition, a high positive correlation was found between the expressions of SP1
and SP3 genes in CRC (p=0.01). Consequently, it can be said that there is a correlation between SP1 and SP3
expressions, but SP1 and SP3 expressions are not related to CRC carcinogenesis.

INTRODUCTION

According to the data of global cancer statis-
tics, over 19 million new cancer cases and 10 mil-
lion cancer-associated deaths were detected in
2020 and approximately 1.9 million of these cases
were colorectal cancer (CRC) cases (Sung et al.
2021). It has been reported that the incidence of
CRC has doubled worldwide in the last 27 years
(Ye et al. 2020). It was estimated that the inci-
dence of colon and rectum cancer might increase
to over ninety percent in young ages by 2030.
Although the reason for the increase in the inci-
dence of the disease is unknown, it is thought
that these young patients with CRC are related to
hereditary CRC syndromes. The progression of
CRC is influenced by various factors related to
age, environmental and genetic factors. Familial
colon cancer in first-degree relatives doubles the
incidence of colon cancer compared to the gener-
al population. Besides these, sex, obesity, dietary
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habits (for example, processed meat and a diet
lacking in fibre), tobacco use, Crohn’s disease,
diabetes mellitus, insulin resistance, ulcerative
colitis are the other associated factors with CRC
(Thanikachalam and Khan 2019). Transcription
factors that are in protein structure bind to spe-
cific DNA sequences, and play a major role in
modulating of gene expression and important
functions at cellular mechanisms (Lambert et al.
2018). There are many transcription families with
different DNA binding domains (Inukai et al. 2017).
One of them is the Specificity Protein (SP) tran-
scription factor family and SP factors are divided
into two groups of SP1-SP4 and SP5-SP9. While
SP1-SP4 is quite similar, SP5-SP9 is significantly
different. There are N-terminal transactivation
domains in SP1-4. Unlike other SP family mem-
bers, SP includes C terminal multimerisation do-
mains and these domains provide high activa-
tion of promoters and have multiple SP regions
(Sankpal et al. 2011; Beishline and Azizkhan-Clif-
ford 2015). SP1, which is similar to Cys2His2 type
zinc finger and Kruppel-like factors, is among the
basic members of the SP transcription family
(O’Connor et al. 2016). In humans, the SP1 gene
is located in the 12t chromosome (Vellingiri et al.
2020). The SP1 family transcription factors bind
to the GGGGCGGGG consensus sequence
known as GC boxes (Huang et al. 2020). SP1 as-
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sists with the transcription and regulation of
many cellular genes as well as sustaining the
continuity of basal transcription (Beishline and
Azizkhan-Clifford 2015). Post-translational mod-
ifications, for example, acetylation, phosphory-
lation, sumoylation, O-linked glycosylation,
ubiquitylation and proteolytic cutting, moder-
ate the activity of SP1 and accordingly SP1 can
act as an activator or a repressor (Tummala et al.
2020; \ellingiri et al. 2020). Despite SP1 and SP3
proteins being recognised to regulate transcrip-
tion, both positively and negatively, it suggests
that the content of chromatin is a significant
element in the distinctive connection of SP1 and
SP3to the regulator regions of genes (Cheng et
al. 2015). SP3 is quite similar to SP1 compared to
other family members. The SP3 gene is located
in the 2" chromosome (Tapias et al. 2005). SP3
includes a domain located at the N-terminal, which
in some cases has a suppressive effect (Beishline
and Azizkhan-Clifford 2015). SP1 and SP3 both
accelerate and inhibit the promoters of genes
taking place in differentiation, progression of cell
cycle and tumorigenesis (Freiman and Tjian 2002).
Studies have shown that SP1 and SP3 levels are
mainly more than in cancer cells than in normal
cells. SP1 was highly expressed in many tumours
and an unfavourable prognostic factors for pa-
tient survival (Hedrick et al. 2016). In previous
studies, SP1 levels were higher in thyroid, gas-
tric, breast, hepatocellular, pancreatic, and lung
cancers than normal cells (Davie et al. 2008; Chua-
ng et al. 2009; Li and Davie 2010; Kong et al.
2010).

Objectives

The aim of the study was to determine SP1
and SP3 gene expression levels in CRC tissues
and normal tissues. In addition, to evaluate the
clinicopathological features of the patients in
terms of SP1 and SP3 activity, and the correla-
tion between the expressions of SP1 and SP3
genes in CRC tissues.

MATERIAL AND METHODS
Study Group

The study included a total of 41 patients di-
agnosed with CRC. Patients who did not take
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chemotherapy and radiotherapy were included
in the study. Fresh tumour and adjacent non-
tumour colon or rectum tissue samples were col-
lected from the same patients at the Department
of General Surgery, Faculty of Medicine, Ga-
ziantep University, and tissue samples were
stocked in RNA later (Thermo Fisher Scientific)
at-80 °C until RNA isolation. The research veri-
fication was received from the local ethics com-
mission of Gaziantep University and the study
was followed out in suitability with the Declara-
tion of Helsinki (ethical approval number: 2017/
191). Confirmation of participants have been taken
by informed consent form in the study.

RNA Isolation

The total RNA was extracted from tumour
and adjacent non-tumour tissues using the Pure
Link RNA Mini Kit (Thermo Fisher Scientific,
12183018A) and following the instructions of
the supplier. The quality and purity of extracted
RNAs were measured by a nanodrop spectro-
photometer (NanoDrop, Maestrogen) based on
absorbance density in 260 nm/280 nm and extracted
RNAs were stocked at -80 °C.

cDNA Synthesis

Single-stranded cDNA synthesis was per-
formed from 30 ng/ul of RNA with a High-Ca-
pacity cDNA Reverse Transcription Kit (Ther-
mo Fisher Scientific, 4368814) conforming to the
supplier’s instructions. Reverse transcriptase
random primers were used to amplify all RNA.
RNA samples (10 ul) were performed in 20 pl
reaction mixtures containing 2 ul 10 X RT Buffer,
2 ul 10 X RT Random Primers, 0.8 ul 25 X dNTP
Mix (100 mM), 1 ul RNaz Inhibitor, 1 ul Reverse
Transcriptase, and 3.2 ul Nuclease-free H20, us-
ing a thermal cycler (ProFlex PCR System, Ap-
plied Biosystems, USA). Reaction settings were as
follows, that is, 25 °C for 10 minutes, 37 °C for 120
minutes, and 85 °C for 5 minutes. The produced
cDNAs were kept at -20°C until Quantitative Real-
Time Polymerase Chain Reaction (RT-gPCR).

Quantitative Real-time Polymerase
Chain Reaction (RT-gPCR)

RT-gPCR is an effective method that provides
sensitive and specific quantification of nucleic
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acids (Chapman and Waldenstrom 2015). The
general steps performed in the RT-gPCR can be
listed as RNA isolation, cDNA Synthesis, and
RT-gPCR (Nestorov et al. 2013). RT-qPCR was
performed by Applied Biosystems (StepOne&
StepOnePlus Real-Time PCR Systems) using the
TagMan Primer Probe (Thermo Fisher Scientif-
ic) for SP1, SP3 and GAPDH (as housekeeping)
genes. Final concentration 20 ul reaction mix-
tures included cDNA samples (2 ul), 10 ul 20X
TagMan Gene Expression master mix (Thermo Fish-
er Scientific, 4369016), 1 ul 2X TagMan Gene Ex-
pression Assay for SP1, SP3 and GAPDH genes,
and 7 ul RNase-free water. The primer sequences
required performing RT-qPCR are shown in Table 1.
Reaction settings were 50 °C for 2 minutes, 95 °C for
10 minutes, 40 cycles of 95 °C for 15 seconds, and 60
°C for 1 minute. RT-qPCR was applied in duplicate
and changes in levels of SP1 and SP3 expression
detected making use of the 224 method (Livak
and Schmittgen 2001).

Statistical Analysis

The data were exhibited as the mean =+ stan-
dard deviation. Paired t-test was used to com-
pare the SP1 and SP3 expression levels between
tumour and non-tumour tissues. The relation-
ship between clinicopathological factors and SP1
and SP3 gene expression levels were determined
using the Chi-square test. The Spearman corre-
lation test was performed to analyze the expres-
sion levels among SP1 and SP3 genes. Statisti-
cal significance was accepted at the p<0.05 lev-
el. The SPSS statistical software package ver-
sion 22.0 (IBM Corporation, Armonk, NY, USA)
was performed for analyses.

RESULTS
A total of 41 patients with CRC were studied

to analyze the expression levels of SP1 and SP3.
58.5 percent of the samples in the study were

Table 1: List of primers in the RT-qPCR

localised in the colon, and the remaining 41.5
percent in the rectum. Demographic and clinico-
pathological information of patients with the
CRC are given in Table 2. The mean age of study
group was 54.4 (with minimum of 26 years and
maximum of 84 years). While 65.9 percent of these
patients were men, 34.1 percent of the patients
were women. Metastasis was observed in 24.4
percent of the patients, while lymph node in-
volvement was detected in 43.9 percent of the
cases. The mucosal and submucosal invasion
was identified in 53.7 percent of these individu-
als, while the invasion of serosa and subserosa
was detected in 46.3 percent of them.

Table 2: Demographic, clinical and pathological data
of patients with CRC

Demographic, clinical Variables N Percent
and pathological
parameters
Age 50< 15 36.6
50> 26 63.4
Gender Female 14 34.1
Male 27 65.9
Smoking Yes 16 39
No 25 61
Origin of Tissue Colon 24 58.5
Rectum 17 41.5
Stage of Cancer I-11 22 53.7
Hi-1v 19 46.3
Lymph node Positive 18 43.9
involvement Negative 23 56.1
Metastasis Positive 10 24.4

Negative 31 75.6

RT-gPCR were performed for determining the
SP1 and SP3 gene expression levels in both tu-
mour and non-tumour tissues. ACt values were
calculated for each patient’s tumour and non-
tumour samples, and these values were com-
pared with using the paired t test. In SP1 and
SP3, the values of ACt (means + SD) were 3.173
+3.158 and 4.362 = 2.947 in tumour tissues, and
3.103 £ 3.608 and 4.474 £ 3.479 in non-tumour

Gene Forward primer Reverse primer

SP1 5-GCGAGAGGCCATTTATGTGT-3’ 5-GGCCTCCCTTCTTATTCTGG-3
SP3 5 -ATTCTGGAGAACGCCCTTTT-3’ 5 -TATGTTTGGCAAGGTGGTCA-3
GAPDH 5-AATCCCATCACCATCTTC-3 5'- AGGCTGTTGTCATACTTC-3
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tissues, respectively (Fig. 1). There was not any
significant difference between tumour and adjacent
non-tumour tissues for both SP1 and SP3 genes
statistically (p=0.39 and p=0.223, respectively).
The expression levels of SP1 and SP3 genes
were categorised according to 24T values (24¢T>
1; high, 224¢T<1; low) (Gurer et al. 2020) and
compared with clinicopathological features of
the study group. There were no statistically sig-
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nificant differences between both SP1 and SP3
expression levels and clinicopathological fea-
tures such as age, gender, smoking status, ori-
gin of tissue, stage of cancer, lymph node in-
volvement and metastasis (p>0.05) (Table 3).
The correlation between SP1 and SP3 genes
expression levels was determined by Spearman
correlation test. Results showed that there was
a high positive correlation between SP1 and SP3

Table 3: Association between the expression levels of SP1 and SP3 and clinicopathological parameters

of patients with CRC

Clinicopathological

SP1 gene expression

SP3 gene expression

parameters
Low High p value Low High p value
Age 50< 5 10 0.133 6 9 0.183
50> 15 11 16 10
Gender Female 5 9 0.228 7 7 0.735
Male 15 12 15 12
Smoking Yes 8 8 0.901 8 8 0.707
No 12 13 14 11
Origin of Tissue Colon 13 11 0.412 14 10 0.476
Rectum 7 10 8 9
Stage of Cancer I-11 9 13 0.278 11 11 0.613
Hi-1v 11 8 11 8
Lymph Node Involvement  Positive 10 8 0.443 10 8 0.829
Negative 10 13 12 11
Metastasis Positive 5 5 1.0 4 6 0.469
Negative 15 16 18 13
A B
15.00 7 12.00 1
10.00
s}
5 £6.00
s 5.00 7 a
= [52]
a8 &
&
0.00
-5.00
Non-tumor tumor Non-tumor tumor
Tissues Tissues

Fig. 1. The expression levels of SP1 (A) and SP3 (B) genes in tumour and non-tumour tissues of CRC
patients. There was not any significant difference between tumour and non-tumour tissues for both SP1

and SP3 genes statistically

(p>0.05, Paired t test). Tumour: colorectal cancer tissue, Non-tumour: Adjacent healthy colorectal tissue

Source: Authors
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gene expression levels in CRC patients (r=0.827,
p=0.01) (Fig. 2).

DISCUSSION

CRC is the second-highest deadly cancer
type over the world and the ranking as at the
third place most widespread kind of cancer. Over
nineteen million new cancer cases and 10 million
cancer-related deaths were detected in 2020
(Sung et al. 2021). Environmental factors are as
important as genetic factors that are effective in
the development of CRC. Members of the SP
family play an important role in many biological
processes such as development, differentiation,
carcinogenesis and apoptosis. SP1 and SP3 pro-
teins interact with sequences in the promoter
regions of genes (Vizcaino et al. 2015). SP1 and
SP3 is a transcription factor, which belongs to
Kruppel-like family, one of the frequently seen
one, and has many functions (\Vellingiri et al.

2020). In literature, it was exhibited that SP1 and
SP3 were overexpressed in various types of can-
cers and were prognostic biomarkers for cancer
patients (Mansour 2020). Due to the important
roles of SP1 and SP3 in biological processes,
the relationship between SP1 and SP3 expres-
sions and CRC were investigated in the present
study. The researchers analysed expression lev-
els of SP1 and SP3 genes in tumour and adja-
cent non-tumour tissues of 41 CRC patients
while performing the RT-gPCR technique. As
shown in Figure 1, both SP1 and SP3 gene ex-
pression levels did not have statistically signif-
icant differences between tumour and non-tu-
mour tissues (p=0.39 and p=0.223, respective-
ly). Besides, the researchers found that there
was no correlation between the SP1 and SP3
expression levels and clinicopathological fac-
tors. Many different studies demonstrated that
both up-regulation and down-regulation of SP1
affects the transcription of several oncogenes

40.00 17

30.00

20.00

sp.1 fold change

10.00

0.00

10.00 15.00 20.00

sp.3 fold change

Fig. 2. Correlation between SP1 and SP3 genes expression levels in CRC patients. Data are presented as
fold change of SP1 and SP3. SP1 and SP3 expression levels were found to be highly positive in terms of
correlation in CRC patients (p<0.05, Spearman correlation test)

Source: Authors

Int J Hum Genet, 21(3): 137-143 (2021)



142 TURKAN GURER, IBRAHIM AL-DOORI, ALPER AYTEKIN ET AL.

(\Vellingiri et al. 2020) and the SP1 protein level
was abnormal in different types of cancer (Viz-
caino et al. 2015). In a previous study, it was
exhibited that the SP1 gene was over expressed
in human glioma cells and was also related with
the prognosis of the disease (Guan et al. 2012).
Yao et al. reported that unregulated level of SP1
gene expression was related with high expres-
sion of vascular endothelial growth factor and
also caused growth and progression of gastric
carcinoma (Yao et al. 2004). It has been shown in
a study on human gastric cancer that increased
SP1 gene expression may affect development
and spread of cancer (Wang et al. 2003). In pan-
creatic carcinoma, it was presented that SP1 in-
creased the activity of NFATc2 and the interac-
tion between SP1 and NFATc2 was regulated
by TNF-alpha, integrin beta-3 and c-FOS genes
(Malsy et al. 2019). Ye et al. showed that de-
creased SP1 in gastric cell lines affect the SHIp2
expression, which has pro- or anti-tumour ef-
fects in different cancers, which may play arole
in the development of the cancer (Ye et al. 2017).
Additionally, in another research it was report-
ed that SP1 protein level was overexpressed in
ovarian cancer (Vellingiri et al. 2020). Huang et
al. studied both SP1 and SP3 expressions in
hepatocellular carcinoma and found that both
transcription factors were upregulated (Huang
et al. 2015). It was reported that transcriptional
regulation of the f4GalT3 gene is affected by
different DNA binding cites of SP1 and SP3 in
lung carcinoma and neuroblastoma (Tange et al.
2019). In another research, it was demonstrated
that SP3 had high expression in the breast carci-
noma cells (Mansour 2020). Besides, in the
present study, the researchers determined that
SP1 and SP3 expression levels were found to be
highly positive in terms of correlation in CRC
patients (r=0.827, p=0.01). SP1 and SP3 genes
have a highly similar affinity, as both recognise
and bind to the same DNA sites. It was reported
that close grades of SP1 and SP3 are modulated
expression of genes. SP1 and SP3 genes were
regulated by post-transcriptional modifications
and by interaction with different protein mole-
cules (Li and Davie 2010; Vizcaino et al. 2015;
Malsy etal. 2019).

In this study, the researchers have found no
significant association between SP1 and SP3 with
CRC. SP1 and SP3 expressions may be modulat-
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ed genetic and epigenetic factors (Wang et al. 2003).
New studies are required to exactly exhibit the ef-
fect of SP1 and SP3 on CRC carcinogenesis.

CONCLUSION

Consequently, in the present study, it was
concluded that there is no relationship between
SP1 and SP3 expression levels and CRC (p>0.05).
Also, no correlation was found between SP1
and SP3 expression levels and the clinicopatholog-
ical features of patients with CRC (p>0.05). More-
over, a high positive correlation between SP1 and
SP3 gene expression levels was observed in CRC
(r=0.827,p=0.01).

RECOMMENDATIONS

Considering that the activity of SP1 and SP3
is regulated by post-transcriptional mechanisms,
in the future, it will be beneficial to carry out
studies, which reveal the roles of these mecha-
nisms, SP1 and SP3 protein levels, and as well
as post-translational modifications with epige-
netic factors on CRC.
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ABBREVIATIONS

¢ [4GalT3: B4-galactosyltransferase 3

¢ CRC: colorectal cancer
GAPDH: glyceraldehyde-3-phosphate de-
hydrogenase

+ NFATc2: nuclear factor of activated T cells
2

¢ RT-gPCR: Quantitative Real-Time Poly-
merase Chain Reaction

¢ SP1: Specificity Protein 1
SP3: Specificity Protein 3

¢ TNF-alpha: Tumour Necrosis factor-alpha
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