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Introduction: Early detection of colorectal cancer (CRC) is the key to reduce its related
morbidity and mortality.

Methods: One hundred CRC patients were included in this study, they were admitted at
Mansoura Gastroenterology Center, Mansoura University and diagnosis was confirmed
by pathology.100 apparently healthy individuals were served as the control group.CD24
(P170 C/T) and CD24 (P-534 A/C) single nucleotide polymorphisms (SNPs) were
analyzed using polymerase chain reaction-restriction fragment length polymorphism
(PCR/RFLP).

Results: Regarding CD24 P170 C/T SNP, no statistically significant association was found
between genotypes, alleles and risk of CRC. While, P-534 A/C; AC, CC, AC+CC genotypes
and C allele showed significantly higher frequency in cases when compared to controls.
CC and TC haplotypes were significantly associated with risk of CRC when compared to
control group. Multivariate logistic regression analysis revealed that higher CEA and P-
534 A/C (AC+CC) were considered as independent predictors of higher CRC stages.
Conclusion: The current study observed an association between CD24 P-543 A/C SNP
and the risk of developing CRC in Egyptian subjects.

CD24, Colorectal Cancer, Single Nucleotide Polymorphism, Carcinogenesis

1. INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the world and
is characterized by its high lethality and morbidity Siegel et al. (2020). It is one of
the major leading causes of death in both males and females as it was responsible
for 861,000 deaths worldwide in 2018 Bray et al. (2018).

Itis a very heterogeneous disease that is caused by the interaction of genetic
and environmental factors. It develops through a gradual accumulation of genetic
and epigenetic changes leading to the transformation of normal colonic mucosa
into an invasive cancer Binefa et al. (2014).

Over 70% of CRC cases are sporadic and related to lifestyle Giovannucci
(2002). The known risk factors for CRC include; a diet low in fruit and vegetables,
excessive intake of red meat and saturated fat, alcohol intake, a sedentary
lifestyle, smoking and obesity Gonzalez and Riboli (2010).

Early detection of CRC is the key to reduce its related mortality Ladabaum et
al. (2020). So, a number of screening modalities are recommended for CRC
detection. Colonoscopy and fecal occult blood testing (FOBT) are most often
recommended. While colonoscopy is considered the “golden standard” for CRC
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screening, it is expensive and invasive and carries a number of risks including
bleeding and perforation. FOBT, although noninvasive, is limited by low sensitivity
and poor compliance since its annual testing are required Kraus et al. (2015).

CD24 is implicated in the pathogenesis of cancer and inflammatory diseases
due to its ability to bind for P-selectin, allowing tumor cell dissemination and
lymphocyte recruitment to inflamed tissues Kristiansen et al. (2014).

CD24 is associated with tumor growth, invasion, metastasis, recurrence and
treatment response in various cancers, including breast, prostate, colorectal,
hepatocellular and gastric cancer Jia et al. (2016).

Additionally, it is a potential marker of cancer stem cells (CSCs), which have
capabilities for tumorigenesis, self-renewal and producing differentiated progeny
Keetal. (2012).CD24 expression has been reported to be commonly upregulated in
CRC and has been shown to be a marker of poor prognosis suggesting a significant
role in the oncogenic pathway involved in CRC carcinogenesis Yeo et al. (2016).

Genetic variations, as single-nucleotide polymor-phisms (SNPs), could affect
the transcriptional efficiency of genes, as well as structure (and so, function) of the
protein products Kwon et al. (2011).

Human CD24 gene is located on chromosome 6q21 Fang et al. (2010). Notably,
two functional polymorphisms were identified at CD24 gene, P170 C/T and P1527
TG/deletion Li et al. (2009) and a new functional CGC haplotype (P-534C/-492G/-
442C) in the promoter region Wang et al. (2012).

Polymorphisms of CD24 have been related to prognosis in several cancers. In
breast cancer, CD24 expression was associated with adverse prognosis Horiguchi et
al. (2010) and CD24 P170 polymorphism could predict response to chemotherapy
Buck et al. (2013). In esophageal cancer, P170 of CD24 was involved in regional
lymph node metastasis Sadot et al. (2014).

The inconsistent results of these studies make studying the relation between
CD24 gene polymorphisms and susceptibility to CRC in Egyptian patients important
in this work.

The aim of this present study was to evaluate the association between two
CD24 gene polymorphisms (P170 C/T and P-534 A/C) and CRC in Egyptian patients.

2. SUBJECT AND METHOD
2.1. SUBJECTS

This study was conducted on 100 CRC patients (52 males and 48 females with
their ages ranged from 22 to 71 years) admitted at Mansoura Gastroenterology
Center, Mansoura University and diagnosis was confirmed by pathology.100
apparently healthy individuals (53 males and 47 females with their agesranged
from 28 to 72 years) were served as the control group, they were selected randomly
and matched to cases for age and sex.

The local ethics committee gave their prior approval to the study (code number:
MD/17.08.32). The work has been carried out in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki) for experiments in
humans. All patients and healthy controls signed informed consent forms. Detailed
history, clinical assessment including complete examination, TNM staging, tumor
site, and the results of histopathological examination were done.

AJCC staging 8th edition (2017) was utilized in the staging of CRC patients and
classifying them into, early stage (stage I + II) and late stage (stage III + IV) Amin et
al. (2017). Cases with history of other malignancies or autoimmune diseases were
excluded.
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2.2. SAMPLING

A five mL peripheral whole-blood specimen was collected from all cases and
controls and divided into; three ml were delivered into a plain sterile vacutainer
tube, centrifuged at 3000 rpm and the separated serum was used for assay of
routine chemical tests, CEA and CA 19.9. Two ml were delivered into a sterile EDTA
vacutainer tube for CBC and CD24 genotyping. EDTA samples were stored at -20°C
for DNA extraction.

Routine chemical investigations: including liver function tests, serum
creatinine and random blood sugar were done on HITACHI 902 (automatic analyzer,
Japan, serial n0.1928013). Complete Blood Count (CBC) was done using Sysmex Xp-
300.Tumor markers: including serum CEA and CA 19-9 were assayed by automated
device ARCHITECT PLUS (Singaphore, serial no. Isr50405).

2.3. GENOTYPING

Thermo Scientific Gene JET whole Blood Genomic DNA Purification Mini Kit (cat
no k0781, Lithuania, USA) was used for the extraction of genomic DNA from
peripheral blood leukocytes.

Enzymatic amplification was performed using thermal cycler (T personal
thermo cycler, Biometra, analytical Jena Company). A pair of primers (Bio Basic
Canada Inc.); forward (F) and reverse (R), for each SNP was used. Lyophilized
primers were reconstituted by addition of appropriate volume of nuclease free
water. Sequence of primers used for PCR reactions for detection of CD24 SNPs was
according to Kraus et al. (2015) as regard P170 C/T and Jia et al. (2016) as regard
P-534 A/C.

Primers for P170 C/T SNP: F: 5'-TTGTTGCCACTTGGCATTTTTGAGGC-3 and
R: 5'-GGATTGGGTTTAGAAGATGGGGAAA-3

Primers for P-534 C/A SNP: F: 5'-AGAGATAACCCTGCCCGAG-3' and R: 5'-
CCAAGTTTCCTTTGTTTCCC-3'

For each reaction the following were added to a 0.2 ml eppendorf: 12.5 uLblue
PCR master mix, forward primer (0.1 uL), reverse primer (0.1 uL), extractedDNA (2
uL) and water nuclease-free (10.3 uL) forming a total of 25 uL.

For CD24 P 170 C/T genotyping, the reaction mixture had initial denaturation
at 95 °C for 3 min; followed by 35 cycles of denaturation at 95°C for 30 sec; annealing
at 64 °C for 30 sec; extension 30 sec at 72 °C and the final extension at 72 °C for 5
min.

For CD24 P-534 A/C genotyping, the reaction mixture had initial
denaturation at 95 °C for 3 min; followed by 35 cycles of denaturation at 94°C for 30
sec; annealing at 55 °C for 30 sec; extension 30 sec at 72 °C and the final extension
at 72 °C for 5 min.

For CD24 P 170 C/T genotyping, the PCR products were digested with BstXI
(New England Biolabs, Inc., cat no R0113S) for about 5 min at 372C.The PCR
products (454bp) with T allele were divided into two fragments (325bp and 129bp)
while the PCR products with C allele remained undigested, so yield one fragment at
(454bp), Figure 1.

To detect CD24 P-534 A/C genotypes, BsrFI- v2(New England Biolabs, Inc., cat
no R0682S) was used for 1 hour at 372C. The PCR products (209bp) with A allele
remained undigested, so yield one fragment at (209bp), while the PCR products with
C allele were divided into two fragments (126bp and 83bp), Figure 2
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Figure 1 Agarose gel electrophoresis of PCR products digested wit BstXI restriction enzyme

Figure 2 Agarose gel electrophoresis of PCR products digested with BsrFI- v2 restriction enzyme

AA homozygous wild type was identified as a single band at 209 bp, while two
bands at 126 bp and83 bp indicated CC mutant homozygous individuals, and AC
heterozygote appeared as three bands at209 bp, 126 bp and 83bp.

The statistical analysis of studied data was done by using IBM SPSS (Statistical
package for Social Science) program, Version 20.0.

3. RESULTS

Abdominal pain was the most common presenting symptom in cancer colon
patients (72.7%) while bleeding per rectum (53.3%) was the commonest symptom
in cancer rectum patients.55% of the tumors resided in the colon, 45% in the
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rectum, 59% had early, 41% had advanced stages; 31% had mucinous
adenocarcinoma and 69% had adenocarcinoma.

CEA and CA19-9 were significantly higher and hemoglobin concentration was
significantly lower in cases when compared to control group. Otherwise, no
significant differences were found in clinical chemistry data between cases and
control group (table 1).

This sample of individuals was selected randomly from population in
Dakahleya Governorate in Egypt. Applying Hardy Weinberg equation, revealed that
P170 C/T and P-534 A/C genotypes in control as well as in patient groups were in
HW equilibrium (p= 0.105, p= 0.502 respectively).

Regarding CD24 P170 C/T SNP, no statistically significant association was
found between genotypes, alleles and risk of CRC. Regarding CD24 P-534 A/C SNP;
AC, CC, AC+CC genotypes and C allele showed significantly higher frequency in cases
when compared to control group (p=0.043, 0.002, 0.007, 0.001 Respectively). AC,
CC genotypes, dominant model (AC+CC) and C allele were associated with risk to
develop CRC (OR=1.459, 3.319, 1.627, 1.548 respectively) (table2).

CD24P170 C/T - P-534 A/C haplotypes were calculated; CA showed the highest
prevalence, while TC showed the lowest prevalence in CRC and control groups.CC
and TC haplotypes were significantly associated with risk of developing CRC when
compared to control group. No statistically significant differences were found in age,
gender, smoking, FH, premalignant lesions and laboratory data between CD24 P170
C/T genotypes in all studied CRC cases (table 3). No significant differences were
found in clinical data, pathological data and 2-years OS between CD24 P170 C/T
genotypes in all studied CRC cases.

No significant differences were found in demographic data, CRC risk factors and
laboratory data between CD24P-534 A/C genotypes in all studied CRC cases (table
3). No significant differences were found in clinical data between CD24 P-534 A/C
genotypes in all studied CRC cases.CC and AC genotypes as well as dominant model
(AC+CC) were significantly associated with advanced stage, while AC genotype and
dominant model (AC+CC) were significantly associated with LN metastasis.
Otherwise, no significant differences were found in tumor criteria between CD24 P-
534 A/C genotypes in all studied CRC patients. No significant differences were found
regarding 2-years OS between P-534 A/C genotypes in all studied CRC cases.

Regression analysis was conducted for prediction of CRC, using age, gender,
HGB level, CEA, CA19-9, CD24 genotypes as covariates. Higher CEA, higher CA19-9,
P-534 A/C dominant model (AC+CC) and lower HGB levels were significantly
associated with risk of developing CRC in univariate analysis. However, taking
significant covariates into multivariate analysis revealed that higher CEA and lower
HGB levels were significantly associated with risk of CRC occurrence (table 4).

Cox regression analysis was conducted for prediction of OS in CRC cases using
age, gender, HGB, CEA, CA19-9, CD24 genotypes as risk factors. None was
significantly associated with prediction of shorter OS.

4. DISCUSSION

CRC is the third most common cancer in the world and it is characterized by its
high lethality and morbidity Siegel et al. (2020). Early detection of CRC is the key to
reduce its related mortality Ladabaum et al. (2020). Colon CSCs (CCSCs) are
multipotent neoplastic cells that have the ability to differentiate and initiate the
carcinogenesis process Ribeiro et al. (2016). Due to increased viability of CCSCs,
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they are responsible for both tumor growth and tumor recurrence Spelt et al.
(2018).

Given the potentialimportance of CD24 oncogenic function in CRC, this present
study was aimed to evaluate the association between two CD24 gene
polymorphisms (P170 C/T and P-534 A/C) and CRC in Egyptian patients.

The mean age of CRC patients in this study was 50.8 +11.2 years. Youssef et al.
(2017) and Gado et al. (2014) found similar results as they reported that the mean
age of CRC Egyptian patients ranged from 50 to 62 years. However, Parkin et al.
(2005) found that the average age of CRC occurrence was about 65 years in western
populations. In Egypt, Abou-Zeid et al. (2002) reported that more than one third of
CRC tumors affect young population and Soliman et al. (2001) observed that 44% of
CRC patients were under the age of 40 years old.

Gender distribution among studied patients showed slightly increased
incidence of CRC in males (52%) more than females (48%). This result was
coincided with Jover et al. (2006), Aljebreen (2007), Youssef et al. (2013) and Fan
etal. (2013) who observed increased the incidence of CRC in males than in females.
This could be explained by increased risk factors as smoking and alcohol
consumption among males more than females Song et al. (2015).

The current study showed that, abdominal pain was the most common
presenting symptom of cancer colon patients (72.7%) while bleeding per rectum
(53.3%) was the commonest symptom in cancer rectum patients. These findings
were in accordance with Corner etal. (2010), McFarlane et al. (2004) and Aljebreen
(2007) who reported similar results.

When univariate analysis was done, higher CA19-9 and CEA levels were
associated with risk of advanced CRC stages. However, in multivariate analysis,
higher CEA only was considered as independent predictors of higher CRC stages.
These findings were consistent with Nadeem et al. (2019), TomasSevic et al. (2016),
Stojkovic Lalosevic et al. (2017) and Wang et al. (2015) studies which showed that
CEA levels were significantly elevated in late stages and distant metastases of CRC.

While, Polat etal. (2014) reported that serum CA 19-9 level didn't differ by CRC
stage, but serum CEA level was significantly elevated in advanced cases, so CEA
could be a predictor of advanced stages of CRC. On the other hand, Kim et al. (2017)
stated that both elevated serum CEA and CA 19-9 levels were associated with the
presence of CRC and were correlated with its severity

In this study, CD24P170 C/T and P-534 A/CSNPs were tested for HW equation
and it revealed that P170 C/T and P-534 A/C genotypes in controls as well as in
cases were in HW equilibrium (P>0.001 for each).

CD24 P170C/T is located in the coding region of exon2 of CD24 gene and its C-
to-T transition leads to an alanine to valine substitution at codon 57 near the GPI
anchorage site of the mature CD24 protein Jia et al. (2016).

Regarding CD24 P170 C/T, no significant association was found between
genotypes or alleles and risk of CRC. These results agreed with those of Kraus et al.
(2010), Kristiansen et al. (2014) who found no correlation between CD24 P170 C/T
and the prevalence of either adenomas or CRC in comparison with control healthy
groups.

However, Kraus et al. (2015) found thatCD24 expression in peripheral blood
lymphocytes (PBLs) can serve as a potential promising screening tool to select
which healthy subjects are at risk of having CR neoplasia and need to undergo
screening colonoscopy.

Kraus et al. (2010) reported that there were no significant correlations
between the expression of CD24 protein and CD24 P170 C/T SNP. However,
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preliminary data showed that the P170 C/T variant may increase susceptibility to
CR adenomas (p=0.048).

In other GI cancers, Jia et al. (2016) did not observe any influence of CD24 P170
C/T on GC occurrence or observe any differences of CD24 expression among
P170genotypes. Sadot et al. (2014) did not find any significant difference between
esophageal cancer patients and controls in CD24 P170 C/T SNP.

On the other hand, many studies have reported that CD24 P170 C/T is
correlated with risk of other cancers, as Sheng and Shui (2011) showed
thatP170T/T genotype correlated with a 2.96-fold increase of HCC. Also, Zhang et
al. (2017) suggested that P170T/T genotype is a genetic risk factor for prostate
cancer onset.

In a meta-analysis included five individual case-control to investigate the role
of CD24 gene polymorphism in human cancers, Yan et al. (2014) showed that no
significant association was identified between P170 C/T and breast cancer or HCC
as regard its alleles and genotypes.

As IBD is an important risk factor for CRC, Diaz-Gallo et al. (2011) revealed that
there were no statistically significant differences in the allelic frequencies of CD24
P170 C/T SNP between both CD or UC patients and controls. However, Lisiansky et
al. (2014) found that the P170T allele was associated with increased IBD risk
(p=0.001), UC (p=0.001) and CD (p=0.008).

In a meta-analysis, Huang et al. (2015) revealed that the CD24 C170T
polymorphism was associated with an increased risk of UC (P = 0.009), but not CD.

The CD24 P-534 SNP, which is located in the promoter region, may influence
transcriptional activity of CD24 gene and thus could affect the level of CD24 protein
expression and may be involved in cancer aggressiveness Wang et al. (2012).

In the present study, AC, CC, AC+CC genotypes and C allele of CD24 P-534 A/C
SNP showed significantly high risk to develop CRC (p=0.043, 0.002, 0.007, 0.001
respectively).

To our knowledge, the available data about the association between CD24 P-
534 A/C SNP and CRC were limited. However, there were few studies that
demonstrate the oncogenic role of CD24P-534 A/CSNP in the onset and progression
of other human cancers Jia et al. (2016), Zhang et al. (2017).

Zhang et al. (2017) found that patients with CD24 P-534 CC genotype had a
1.47-fold increased risk of prostate cancer compared to those with the P-534 AA
genotype, suggesting that the P-534C allele is a genetic risk factor for prostate
cancer.

However, Jia et al. (2016) found no correlation between P-534 A/C and gastric
cancer and also did not observe any association of CD24 expression and P-534 A/C
genotypes.

The combination of multiple alleles on one chromosome is defined as a
haplotype. The analysis of haplotypes could provide more information than single-
locus analysis. In this study, four possible haplotypes (CA, CC, TA and TC) were
detected. But only CC and TC haplotypes were significantly associated with risk of
CRC when compared to control group.

Wang et al. (2012) showed that a haplotype that contained the C allele of CD24
P-534 SNP was involved in a higher transcriptional activity and increased
expression of CD24 in peripheral blood lymphocytes of multiple sclerosis patients.
Zhang et al. (2017) reported that tumors with a combination of P170T/T and P-
534C/C genotypes were associated with a high mRNA level of CD24 in prostate
cancer patients.
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In contrary to these results, Jia et al. (2016) failed to find any association
between haplotypes containing P170 C/T or P-534 C/A alleles and gastric cancer.

As regard the pathological data, CD24 P170 C/T SNP showed no statistical
significant difference in CRC patients, but CC genotype of CD24 P-534 A/C SNP as
well as dominant model (AC+CC) were significantly associated with advanced stage,
and LN metastasis in CRC studied cases.

In accordance with our results, Gerger et al. (2011) found no significant
association between CD24 P170 C/T SNP and tumor recurrence suggesting no role
of CD24 P170 C/T SNP in CRC prognosis.

However, Sadot et al. (2014) reported that P170 TT genotype was involved in
regional lymph node metastasis in esophageal cancer patients and Zhang et al.
(2017) found that P170 TT genotype was associated with advanced prostate cancer
stages, but they failed to find any association between P-534 A/C and late stages.

In this study, Cox regression analysis was conducted for prediction of overall
survival (0OS) in CRC cases using age, gender, HGB, CEA, CA19-9, CD24 genotypes as
risk factors. None was associated with prediction of shorter OS. Controversy to this
finding, Jia et al. (2016) demonstrated that P-534 A/A and P170 T/T genotypes
carriers tended to have shorter survival than non-carriers in gastric cancer patients.

5. CONCLUSION

The current study did not observe any differencesbetweenCD24 P170 C/T SNP
and CRC risk, while CD24 P-543 C allele was associated with CRC as regard onset
and progression. This disparity in results may be due to difference in ethnic groups,
sample size or different environmental factors. Therefore, further related studies of
a larger sample size and associated estimation of CD24 protein expression should
be carried out to verify this association.
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