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Abstract

Background: Colorectal Cancer isthe 5th common malig-
nant tumor among Egyptians representing 5% of the total
cancers according to National Cancer Registry 2013.

Aimof Study: To evaluate association of serum level of
Cyclin D1 and variantsin MicroRNA196a-2 (miR196A2)
rs11614913 and Deleted in colorectal cancer (DCC) rs714
genes with the risk of colorectal cancer and its progression.

Patients and Methods: A case-control study was done on
100 colorectal cancer (CRC) patients and 60 healthy controls
were enrolled and were genotyped for miR196A2 rs11614913
gene variation using the real time-Tag Man assay and DCC
rs714 gene variation using Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism (PCR-RFLP).
Serum levels of Cyclin D1 were measured by Enzyme linked
immunosorbant assay (ELSA).

Results: Pathogenic variant G of DCC was associated
with an increased risk of colorectal cancer compared to A
variant (p<0.001). Also, G variant (GG and GA genotypes)
was associated with increased risk of distant metastasisin
patients of CRC compared to DCC A variant (p=0.014).
There was a significant association between increased serum
level of Cyclin D 1 and therisk of colorectal cancer (p=0.001)
with cut-off value >3.4ng/mL. Pathogenic variant C of
miR196A 2 was not significantly associated with increased
risk of colorectal cancer (p=0.766) but showed a significant
increase in tumor progression (p=0.013).

Conclusion: Pathogenic variant G of DCC and increased
serum level of Cyclin D1 are predictive factors of sporadic
colorectal cancer among Egyptian patients. C variant of
mMiR196A2 can be used as prognostic rather than diagnostic
markers of CRC.
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Introduction

COLORECTAL cancer (CRC) isaleading cause
of cancer death globally and is considered the third
cause of cancer mortality in the United States
among adults, younger than 50 years of age [1].
CRC represents the fifth most common malignant
tumor accounting for 5% of the total estimated
cancers among Egyptian populations. CRC rates
recorded in Egyptian studies, in patients under the
age of 40 years, were higher than that reported in
the West [2].

The mechanism of carcinogenesisin CRC has
not yet been fully elucidated [3] . It may be caused
by an interplay between genetic and environmental
factors [4] . Advances in molecular pathology of
cancer have also identified key signaling pathways
implicated in the pathogenesis and progression of
colorectal cancer [5. Moreover, recent genome
wide association (GWA) have reveaed that some
single nucleotide polymorphisms (SNPs) in the
microRNA genes could change the expression
and/or the maturation of miRNA and may be linked
to cancer predisposition and progression [6]. Mi-
croRNAs are a big class of small noncoding RNAS,
which take part in different biological processes
by contributing to translational and transcriptional
regulation and may control tumor suppressor genes
or oncogenes [7,8] . Tumorigenesis and cancer pro-
gression dysfunction are partly affected by micro-
RNAs through translational repression or degra-
dation of target MRNASs [9] . Severa case-control
studies were conducted to evaluate the relationship
between miR196A2 C>T variations and the risk
of colorectal cancer, however, the results were
conflicting [10,11] . The rs11614913 could affect
the mature miR-196A2 expression levels, thus
influencing the expression of its target gene, which
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in turn may have an impact on the regulation of
carcinogenesis [12] . The T allele of miR-196A2
rs11614913 was found to be linked to an increased
risk of CRC occurrence among Chinese populations
[13] . The rs11614913 may affect miRNA expression
in CRC patient, demonstrating a close association
with tissue invasion, differentiation, staging, lymph
nodes metastasis and thus has an implication as a
diagnostic and prognostic biomarker for CRC
patients [14].

Variations in tumor suppressor genes aso con-
tribute to carcinogenesis [15]. Deleted in colorectal
cancer (DCC) gene, located on chromosome
180g21.2, is considered a tumor-suppressor gene.
It encodes for a trans-membrane receptor that binds
to nitrin-1 as ligand. Those receptors are functional
dependence receptors that induce apoptosisin the
absence of their ligand but inhibit apoptosis when
bound to netrin-1 [16] . A study by Djansugurova
et al. demonstrated that the G variant of DCC rs714
was associated with reduced expression of DCC
with subsequent increased risk of CRC [17].

CRC is associated with overproduction of Cy-
clin D1in various studies [18,19,20] . Cyclin D1/
Cyclin-dependent kinase 4 (Cdk4)-complex phos-
phorylates Retinoblastoma protein (pRb) and hence
regulates the switch of the cycle from the Gap 1
(G1) phase to the synthesis phase (S1) [20]. Over-
production of Cyclin D 1 and CdK will subsequently
disrupt the normal control of the cell cycle resulting
in enhanced cellular proliferation and thus contrib-
uting to development of malignancy and its pro-
gression [21,22] .

Cyclin D1 over production has been observed
in approximately 40-70% of colorectal tumors and
is considered a significant factor for prognosis and
prediction of survival of CRC patients [22,23] . It
has also been associated with advanced disease
stage, as elevated concentration was detected in
66.7% of patients with stage |V compared to 26.7%
instagel to Il patients [24].

The aim of this study was to evaluate the asso-
ciation between the risk of colorectal cancer and
serum levels of Cyclin D1 and variationsin rs714
and rs11614913 and to correlate them with tumor
Site, stage, histopathological grade, lymph node
involvement and distant metastasis.

Patients and M ethods

This case-control study was conducted on 100
colorectal cancer subjects. They were retrospec-
tively recruited from Internal Medicine Department
and Oncology Department, Kasr El-Ainy Hospital,

Cairo University, during the period from December
2014 to June 2018. The study was carried out after
approval by the Research Ethics Committee of
Cairo University Hospital and in accordance with
the Declaration of Helsinki [25]. A written informed
consent was obtained from all subjects enrolled in
the present study. Sixty apparently healthy individ-
uals who were age- and sex- matched were included
as controls. Inclusion criteriafor patients: Patients
with cancer colon before or after surgical removal
of the tumor, patients with cancer rectum before
surgical removal of the tumor, patients with color-
ectal cancer with distant metastasis at first presen-
tation. Their age ranged between 17-70 years.
Patients with concomitant malignancies were ex-
cluded from the study.

Laboratory analysis was carried out in the
Chemical Pathology Department, Molecular Unit,
Cairo University. All patients were subjected to
full history taking, clinical examination and diag-
nosis of malignant colorectal lesions was estab-
lished by colonoscopy and biopsy, done at the
Gastroenterology and Endoscopy Unit of Kasr El-
Ainy Hospital. Histopathol ogical assessment of
tumor histological type and grade was performed.
The Tumor Node Metastases (TNM) staging system
of the American Joint Committee on Cancer (AJCC)
was applied for staging the CRC patients [26] . CT
Abdomen and Chest with oral and intravenous
contrast was performed for all patients after diag-
nosis of colorectal cancer by colonoscopy. Carcino-

Embryonic Antigen (CEA) was assayed by chemi-
luminescence immunoassay technique.

Assessment of serum Cyclin D1 and Genotyping
assay:
All participants were subjected to:
A- Specimen collection and storage:

Five ml of venous blood were aspirated under
aseptic conditions and partitioned as follows: (A)
Three milliliter (3ml) were collected in a plain
sterile vacutainer. Blood samples were |eft to clot
at room temperature and then centrifuged for 5
minutes for serum separation and kept at —20°C
until time of assay of Cyclin D 1. (B) Two milliliters
(2ml) of venous blood were drawn into a sterile
EDTA vacutainer tube and stored at —20°C till time
of doing the genotyping technique.

B- Analysis of serum Cyclin D1:

Cyclin D 1 was measured by Human Cyclin D 1
ELISA kit supplied by Abbexa (Cambridge Science
Park, Cambridge, CB4 OEY, UK) which employs
a double-antibody sandwich enzyme-linked immu-
nosorbent assay.



Nora M. Selim, et al.

C- Genotyping:

Extraction of genomic DNA was performed
using QlAamp® DNA Blood Mini Kit (Qiagen,
Hilden, Germany) by silica-gel spin columns [27].

After DNA extraction, the extracted DNA was
evaluated qualitatively and quantitatively by spec-
trophotometric instrument (Quawell UV-Vis spec-
trophotometer Q5000):

Qualitative evaluation by the DNA/protein ratio
absorbance 260/280 was done. All samples ranged
(2.2-3.6) knowing that accepted range should ex-
ceed 1.8.

Quantitative evaluation by the same instrument
was performed and all samples measured (22-
34ng/ g lmnowing that accepted value should
exceed 20ng/ g—a

Analysis of DCC rs714 variation using Polymer-
ase Chain Reaction (PCR) Followed by Restriction
Fragment Length Polymorphism (RFLP) was per-
formed as described by Malik et al., [28]. DNA
amplification was done in a Gradient thermal cycler.
Specific oligonucleotide primers were supplied by
Bio Basic Canada Inc (Markham, Ontario, Canada)
asfollows: Forward primer 5 -TGCACCATGC-
TGAAGATTGT -3 and Reverse primer 5" AGT-
ACAACACAAGGTATGTG-3' [29). Digestion of
PCR product with Msp 1 (ball) restriction endonu-
clease enzyme supplied by Sib Enzyme (Sib En-
zyme Ltd., Timakova, Novosibirsk, Russia). The
(A) alele remained undigested 396-bp fragment,
whereas the (G) allele was expected to yield 256-

and 140-bp fragments. According to the interpre-
tation of Malik et al., [28] the RFLP procedure
yielded one of 3 possible genotypes: AA/ GA/ GG;

(396) fragment site (bp) for AA, (396, 256, 140)

for heterozygous GA, and (256,140) for ho-
mozygous GG respectively.

Real-time PCR allelic discrimination of
rs 11614913 was held using Tag-Man SNV Geno-
typing Assays and done on Step-One (Applied
Biosystems, Life Technologies Corporation, USA),
to define rs 11614913 (Fig. 1) as described by
Hezovaet al. [30].

Satistical analysis:

The SPSS computer software, version 10.0
(Chicago, IL, USA) was applied for analysis of
data. For nonparametric variables, analysis of
Quantitative data was performed using median and
range. However, mean * SD was used for analysis
of parametric variables. Whereas qualitative vari-
ables data was summarized as frequency and per-
centage. Student's t-test was used for comparison
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between groups. Analysis of variance was applied
followed by a post hoc test, while non-parametric
quantitative variables were compared using the
Mann Whitney test and Kruskal Wallistest. Com-
parison of qualitative variables was performed by
the Chi sguare or Fisher's Exact test. Spearman
correlation coefficients were calculated to signify
the association between different quantitative var-
iables. The association between cancer colon and
both miR196A 2 genotype and DCC genotype was
explored and quantified by odds ratio (OR). The
discriminating ability of Cyclin D1 to differentiate
cases with cancer colon from those without the
disease was determined using Receiver operating
characteristic (ROC) curve analysis.

Allelic discrimination plot
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Fig. (1): Allelic discrimination plot to differentiate C/T alleles
of mMiR196A2 gene.

Results

The present study showed the mean age at
presentation was 48.3 £ 13.3 years with amale
preponderance among the colorectal cancer patients
(58% were males as compared to 42% females;
male to female ratio=1.4:1; p-value=0.014). The
demographics and characteristics of all subjects
and controls including histopathological features
of colonic biopsies obtained from patients with
CRC are presented in (Table 1).
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Table (1): Demographic data and characteristics of the studied
groups and histopathological features of patients.

Cases Control .
(N=100) (N=60) P
N (%) N (%) value
Age (years) (Mean + SD) 48+133 46.3+£159 0.637
Smoking:
Current smokers 44 (44%)  25(41.7%) 0.748
Ex-smokers 4 (4%) 4 (6.7%)
Non-smokers 52 (52%)  31(51.7%)
CIBD:
Yes 63(63%) 25(41.7%) 0.013
No 37(37%)  35(58.3%)
Family history of malignancies:
Yes 9 (9%) 6 (10%) 0.834
No 91 (91%) 54 (90%)
TNM stage:
Stage | 13% NA
Stagelll 40%
Stage 1 9%
Stage IV 38%
Distant Metastasis (Stage | V):
Present 38% NA
Absent 62%
Lymph node involvement:
Positive 11% NA
Negative 89%
Histopathological grade:
Well-differentiated 29% NA
Moderately differentiated 55%
Poorly differentiated 16%

CIBD: Chronic inflammatory bowel disease.
p-value <0.05 is considered significant.

N: Number. %: Frequency.

Our study revealed a statistically significant

increase in level of Cyclin D1 in cases with CRC
(median level=7.9ng/mL with an interquartile
range: (3.30-76.80) as compared to the control
group (median levels; 1.3ng/mL with an interquar-
tile range: 0.01-7.90), indicating significant asso-
ciation between increased level of CyclinD 1 and
risk of colorectal cancer (p-value 0.001) (Table 2).

Table (2): Comparison of Cyclin D1 serum level among the
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to the gender, site of tumor, stage of tumor, lymph
node involvement, or presence of distant metastasis
(p-values >0.05).

Receiver operating characteristic (ROC) curve
was done to explore the discriminating ability of
Cyclin D 1 (ng/ml) in predicting cancer colon. It
showed an area under the curve (AUC) of 0.983;
95% sensitivity; 95% specificity; 95% PPV ; 95%
NPV; p-value<0.0001 and high accuracy of 95%
with a cut-off point of >3.4ng/mL (Fig. 2).
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Fig. (2): Receiver operating characteristic (ROC) curve analysis
to explore the discriminant ability of Cyclin D1
(ng/ml) in diagnosing cancer colon.

Patients harboring the homozygous pathogenic
variant GG for DCC rs714 had 3.1 risk increase
for CRC (p-value=0.001) (Table 3). Also, The GG
genotype of DCC showed a significant increase in
cases with distant metastasis compared to DCC
AA genotype in patients without distant metastasis
(p-value=0.014) (Table 4).

Table (3): Genotype frequency in DCC rs714 in studied groups.

Cases Controls .
Genotype (n=100) (n=60) vg e
Count (%) Count (%)
Homozygous Mutant (GG) 62 (62%0) 12 (20%) 0.001
Heterozygous Mutant (AG) 28 (28%) 42 (70%)
Wild (AA) 10 (10%) 6 (10%)

studied groups.
Cases Control -
(N=100) (N=60) value
Cyclin D1 (ng/ml):
Median 79 13 0.001

(Interquartile Range) (3.3(}.76.80) (0.01-7.90)

p-value <0.05 is of statistical significant.

Furthermore, cases with family history of ma-
lignancies demonstrated a significant increase in
Cyclin D1 rather than cases without family history
of malignancies (p-value=0.042). However, levels
of Cyclin D1 did not differ significantly according

In DCC rs714, A isthe wild gene and G is the mutant gene.
N: Number of subjects.
p-value <0.05 is considered significant.

Table (4): Relation between DCC rs714 genotype and incidence
of distant metastasis.

DCC genotype
GG AG AA vilue
N (%) N (%) N (%)
Metastasis: 0.014
Yes 29 (46.8) 9(32.1) 0(0.01)
No 33(53.2) 19 (67.9) 10 (100.0)
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On the other hand, subjects with the ho-
mozygous pathogenic variant CC of the miR196A2
rs11614913 who represented 53% of cases and
41.7% of controls and those who were heterozygous
CT represented 39% of cases and 48.3% of controls
showed no statistical significant difference between
studied groups (p-value=0.3 8 1) (Table 5). However,
there was a significant increase in miR196A2
rs11614913 pathogenic varians CC and CT in
advanced tumor stages compared to the early non-
invasive stage (p-value=0.013) (Table 6).

Table (5): MIR196A2 rs11614913 genotyping frequenciesin

studied groups.
Cases Controls )
Genotype (n=100) (n=60) valpu e
Count (%) Count (%)
Homozygous Mutant (CC) 53 (53%) 25 (41.7%) 0.381
Heterozygous Mutant (CT) 39 (39%) 29 (48.3%)
Wild (TT) 8 (8%) 6 (10%)

In miR196A2 rs11614913, T isthe wild gene and C is the mutant gene.

p-value <0.05 is considered significant.

Table (6): Relation between miR196A2 rs11614913 genotypes
and tumor stage in colorectal cancer patients.

MIR196A2 genotype
CcC CT T p-

53 (%) 39 (%) 8 (%) value
N (%) N (%) N (%)
Sage:
Stage | 11 (29.8) 5(12.8) 5(62.5) 0.013
Stage Il 36 (67.9) 27(69.2) 1(12.5)
Stage Il 6(11.3) 7(17.9) 2(25.0

- In MIR196A2 rs11614913, T is the wild gene and C is the mutant
gene
N: Number of subjects. p-value <0.05 is considered significant.

Discussion

Recent evidence from various studies have
emphasized the role of molecular signaling path-
ways of the cell cycle [5,21,31] and gene polymor-
phisms in the pathogenesis and progression of
colorectal cancer. Cyclin D1 overexpression has
been reported in around one third or more of CRC
cases and was found to be associated with tumor
progression, metastasis, and worse prognosis [18,21].
Cyclin D 1 acts as a key regulator of cell cycle
transition from the G1 to the S phase and its up-
regulation can result in enhanced cell proliferation,
angiogenesis, and inhibition of apoptosis [24] thus
promoting carcinogenesis.

Variation in microRNA expression has also
been implicated in CRC carcinogenesis [6,9,11]
with many conflicting reports regarding the asso-
ciation of miR-196A2 C>T polymorphism with
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therisk of CRC in humans [11,30,32] . Multiple
genetic alterations in tumor suppressor genes like
Deleted in Colorectal Cancer (DCC) gene have
also been found to be associated with CRC. The
DCC gene influences cell migration, arrest of cell
cycle and promotes cell death. It was observed that
its expression has been often downregulated or
inactivated in different cancers, [33,34] with loss
of heterozygosity (LOH) at 18q being the most
frequently implicated in the pathogenesis of CRC
[35] . Other gene alterations in DCC, like point
mutations, homozygous deletions of the 5’ end,
various insertions, abnormal genes, decreased or
loss of protein and gene expression have also been
found to be associated with advanced tumor and
metastasis in various cancers [34]. Moreover, gene
variants of DCC have been linked to increased
cancer susceptibility, with the DCCrs714 A>G
polymorphism being the most studied and confer-
ring an increased risk of CRC [35].

The present work showed significant prevalence
of DCC rs714 GG genotype in cases of colorectal
cancer versus the control group (p-value <0.001)
{(OR=3.1), 95% CI (0.947-10.149)}. There was
also an increased frequency of variant G allele
among the cases (76%) as compared to controls
(55%) (p-value <0.001) { (OR= 2.591), 95% CI
(1.596-4.206). Predominance of the DCC GG gen-
otype among patients with distant metastasis when
compared to cases with localized tumor (p-value
<0.001) lays emphasis on the potential link of this
gene polymorphism with aggressive behavior and
rapid progression of CRC.

These results are compatible with a study on
an Asian population by Chandra et al., [34] who
found that DCC rs714 polymorphism was associ-
ated with an increased risk of colorectal cancer
with significant differences being observed in the
frequency of the GG genotype between cases and
controls (p-value <0.01). Tomaet al., [29] observed
an overall significantly increased colorectal cancer
risk in patients with DCC mutation. Djansugurova
et a., [17] similarly established an increased risk
of CRC with G variant of DCCrs714 (GG and GA
genotypes) when compared to AA genotype which
was found to have a protective role. It was also
reported that the GG genotype was associated with
the tumors located in the left colon [36].

Moreover, various studies confirmed that de-
creased or loss of protein expression of the DCC
gene was observed with an increased frequency of
advanced clinical stages and was associated with
poor differentiation and prognosis in colorectal
carcinoma [37-40] . On the contrary, a study on a
Romanian population showed that the G alele was
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coupled with protection from CRC (OR=0.34; 95%
Cl (0.947-10.149), while the AA genotype (OR=
2.97; 95% CI (1.445-4.205) and A alele {(OR=
2.87), 95% CI (1.732-4.159)} were associated with
an enhanced risk for CRC [29].

There had been many conflicting reports re-
garding the association of miR196A2 C>T poly-
morphism with the risk of CRC. In the current
study, miR196A2 rs11614913 variation was not
associated with an elevated colorectal cancer risk
and no significant increase or decrease in risk for
CRC was observed in subjects who were ho-
mozygous or heterozygous for miR196A2 gene
polymorphism (OR=1.368, 95% CI: 0.839-2.230).

This was consistent with the results of a study
by Shi et al., [41] who demonstrated no association
of miR196A2 polymorphism with the risk of color-
ectal cancer. On the other hand, subgroup analysis
based on ethnicity in the latter study, established
asignificant association between the C allele of
mMiR196A2 C>T polymorphism and an increased
susceptibility to CRC when compared to T allele
in Asian population. No link was, however, ob-
served in the Caucasian population, thus highlight-
ing the implication of diverse genetic background
and lifestyle factors on the susceptibility to the
disease. Similar studiesby Wang et al., [42] and
Parlayan et al., [43] also found no association
between miR196A2 polymorphism and CRC risk
in Caucasian popul ation.

The results of our study are also in accordance
with studies by Chen et al., [35], Hezovaet a., [30]
and ameta-analysis by Pan et al., [45] which did
not demonstrate an association between miR196A2
single nucleotide polymorphisms and risk for CRC.
On the contrary, studiesby Zhu et al., [46] recog-
nized the CC genotype of miR196A2 rs11614913
as the risk genotype increasing the susceptibility
to CRC. Zhan et d., [47] dso confirmed an enhanced
expression of miR-196A2 in colorectal cancer
tissues of patients with the CC or CT genotypes
as compared to TT genotype.

The discrepancy in results between studies
regarding the probable significance of miR196A2
rs 11614913 in CRC may be attributable to some
factors: Such as sample size with a consequent
reduced statistical power to assess the association
between the polymorphisms and susceptibility to
CRC,; histological patterns or types of CRC; dif-
ferent ethnicity and genetic variants or different
molecular pathological mechanisms that contribute
differently to cancer [32,41] . Therefore, further
studies with larger sample size and incorporation

of gene-gene and gene-environment interactions
are warranted to confirm these findings [41,4g].

In the present study, increased serum level of
Cyclin D1 was associated with increased incidence
of colorectal cancer (p-value <0.001) and hence
suggesting an oncogenic role of CyclinD 1in CRC
patients. This agrees with recent studies by Mo-
hamed et a., [49] which demonstrated Cyclin D1
overexpression in around 60% and 56.25% respec-
tively in cases with CRC.

Another important finding in our study was the
discriminating ability of Cyclin D1 in diagnosing
CRC with ahigh sensitivity, specificity and diag-
nostic accuracy (95% sensitivity; 95% specificity;
95% PPV; 95% NPV ; 95% accuracy) with a cut-
off value of >3.4ng/mL.

However, we found that levels of Cyclin D1
did not differ significantly according to the gender,
site of tumor, stage of tumor, lymph node involve-
ment, or presence of distant metastasis ( p-values
>0.05). On the other hand, a study by Albasri et
al., [21] revealed that increased Cyclin D1 expres-
sion significantly correlated with tumor differenti-
ation, lymphovascular invasion, lymph node affec-
tion as well as evidence of distant metastasis.

Previous studies by Bahnasy et al., [18] and
Ogino et a., [50] also found that Cyclin D1 isone
of the superior independent indicators of poor
prognosisin colorectal cancer patients and is asso-
ciated with shortened survival. Conversely previous
studies by Schernhammer et a., [51] and Forones
et al., [52] found no association between Cyclin
D1 and the risk of colorectal cancer.

In our study, an increase in the serum levels of
Cyclin D1 was observed in CRC cases with family
history of malignancies with (p-value <0.001).
Likewise, Schernhammer et al., [51] found that
overexpression of Cyclin D1 in conjunction with
afamily history of colorectal cancer presented a
considerably greater risk of colorectal cancer (p-
value <0.001).

Conclusion:

This study suggests that both DCC rs714 gene
variation and Cyclin D1 level are associated with
elevated colorectal cancer risk in the studied cohort
of the Egyptian population. It is, therefore, neces-
sary to conduct alarge-scale population study to
elucidate our results. The single nucleotide poly-
morphism C/T MIR 196-A2 geneisavaluable
biomarker in the progression of colorectal cancer;
its relation with advanced tumor characteristics
should be investigated to predict tumor response
to targeted therapies in colorectal cancer patients.
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