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Abstract

Background: Micro RNA 21 (miRNA-21) is overexpressed in numerous solid
types of tumors, indicating that its biology is relevant to numerous types of
cancer. However, in Colorectal Cancer (CRC) there is a lot of studies con-
firmed its use as diagnostic marker, other studies suggested it could be used
as a predictive marker for 5 Fu sensitivity so this study was conducted to veri-
fied the significance of using miRNA-21 as a prognostic and predictive factor
in CRC. Patients and Methods: It is a prospective study that included 45 pa-
tients with stage I-IV CRC who attended at South Egypt Cancer Institute
from April 2017 to October 2018. miRNA-21 was measured by (q PCR) from
peripheral blood. Response to 5-FU containing regimens was assessed using
RECIST criteria and its levels of expression were correlated to the clincopa-
thological data, response and survival of the patients. Results: High expres-
sion of the miRNA21 was significantly associated with advanced stage of CRC
p < 0.001, Lymph Node (LN) invasion p < 0.001,distant metastasis p < 0.01
lymphovascular (LVI) invasion p < 0.01 and pre-treatment level of Carcino
Embryonic Antigen (CEA) p < 0.031. Also we found that high expression lev-
el significantly badly affected the response to 5-Fu containing regimen p <
0.001, DFS p < 0.01 and OS p < 0.01. Conclusion: miRNA-21 could be used
as non-invasive prognostic and predictive marker in CRC.
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1. Introduction

Colorectal cancer remains the third most commonly diagnosed cancer in both
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men and women and represents one of the most frequent causes of cancer death
[1] due to its diversity in the clinical course. And approximately 50% of patients
with colorectal cancer die from distant metastases, and in particular liver metas-
tases, within 10 years of the initial diagnosis [2].

Clinicians up to now still require recognizing prognostic markers with mi-
nimal invasion and with high sensitivity, to improve the survival rate of CRC pa-
tients [3] [4].

The advances of molecular biology have added to a better understanding of
cancer development, predicting its evolution, therapeutic response and even de-
veloping molecular target [5]. Recent studies have proved that microRNA (miR-
NA) play important roles in tumor invasion and metastasis [3] [4] [5] [6] [7].
miRNA are small, non-coding RNA that block specific target genes in mamma-
lian cells by suppressing translation [8]. Depending on the target gene, miRNA
can act as either oncogenes or tumor suppressive genes [9]. Several studies re-
sults proved that the aberrant expression of specific miRNA can be used as po-
tent prognostic and predictive markers in colorectal cancer [10] [11]. Because
current prognostic markers of many cancers, including colorectal cancer, poorly
predict metastatic progression or tumor response to chemotherapy, the identifi-
cation of such prognostic markers is the subject of intense research.

Several miRNAs isolated from serum have been evaluated for their use as
prognostic markers in CRC. A recent report revealed a panel of miRNAs (miR-21,
let-7g, miR-31, miR-92a, miR-181b, and miR-203) that can be reliably used as
prognostic marker for CRC, with 93% sensitivity and 91% specificity in compar-
ison with the traditional markers (CEA and CA19-9) [12]. Furthermore, miR-21
has also been shown to be able to differentiate both adenoma and CRC from
healthy controls [13] [14]. Also recent studies suggested that low miRNA-21
could sensitize CRC cells to 5-fu treatment [6] [15].

However these results are still under investigations and researches, the results
are not mature enough to reach agreement or consensus about which miRNA
would be used as prognostic or predictive marker.

As miRNAs are still under investigation in colorectal cancer, so we choose mi
RNA21 to focus on it in our study as the previous studies’ results about it were

encouraging.

2. Patients and Methods

This is a prospective study was done on 45 CRC newly diagnosed who presented
to South Egypt Cancer Institute in the period between May 2017 and October
2018 with median follow up period of 18 months. All patients included in this
study will subject to: Full history taking and complete clinical examination, all
patients staged according to the 8" edition, 2017 revision of the TNM staging
classification. All patients had complete laboratory investigation and CEA at di-
agnosis. Biopsy was taken whether by endoscopy or surgery and sent to the pa-
thology laboratory as a routine and examined by expert pathologist.

Received 5FU based chemotherapy regimen either CAPOX, FOLFOX or FOLIRI
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according to their stage + the target therapy in the pantumomab in patients with
metastatic colorectal with K ras wild type. Patients followed up by computed
tomography scan (CT) on the chest and pelvi-abdomen every 3 months during
the treatment and every 6 months during the follow up. The response interpreted
according to the response evaluation criteria in solid tumors (RECIST) criteria.
All patients have signed a written consent containing the detailed description of
the study. The research program was approved by the ethical committee, South
Egypt Cancer Institute, SCI-IRBIORG0006563N0 = 354.

Before the start of the treatment we collected 2 ml of peripheral blood sample
via direct venous puncture with complete aseptic precautions and measured
miRNA-21 by q real time PCR.

2.1. Methods of miRNA-21 Measurement

miRNA was isolated from peripheral venous blood samples by using the miRN
easy Mini kit from Qiagen, Hilden, Germany.

Isolated miRNA is converted to its complementary DNA (CDNA) by using
TaqMan miRNA Reverse Transcription kit from Qiagen, Hilden, Germany.

Then relative quantification of miRNA expression is measured by performing
Q-PCR amplification using Tagman Universal PCR Master MixII (2x) and Taq-
man small RNA Assay (20x) by 7500 fast real time PCR system, Thermo Fisher
Scientific, USA.

2.2. Analysis

To calculate relative expression in RT-qPCR qPCR Ct values for:

1) The gene being tested: in control and experimental samples;
2) The housekeeping gene: in control and experimental samples.

e Take the average of the Cycle threshold (Ct) values for the housekeeping
gene and the gene being tested in the experimental and control samples, re-
turning 4 values. The 4 values are Gene being Tested Experimental (TE),
Gene being Tested Control (TC), Housekeeping Gene Experimental (HE), and
Housekeeping Gene Control (HC).

e Calculate ACt values for the experimental (ACTE) and control (ACTC) con-
ditions. ACTE is the differences between TE and HE (TE-HE) and ACTC is
the difference between TC and HC (TC-HC).

e Then, calculate AACt which is the difference between ACTE and ACTC
(ACTE-ACTC) to arrive at the Double Delta Ct Value (AACt).

e Calculate fold change: Relative quantification (RQ) which is the value of
2A-AACt to get the expression status. If RQ is more than 1 means expression
of target is more than the control included in my experiment (up expressed)
and if RQ is less than 1 means expression of target is less than the control

(down expressed).

3. Statistical Analysis

Data was represented as numbers, percentages, means or median. All analyses
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were conducted using SPSS software version 21. Univariant factors were ana-
lyzed using the chi-square test for categorical variables, Cox’s proportional ha-
zard regression analyses were used to estimate hazard ratios (HRs) of death ac-
cording to serum and tumor miRNA levels, unadjusted and adjusted for poten-
tial confounding factors for death, Assumptions of proportionality were con-
firmed for the Cox proportional hazards analyses by generating Kaplan-Meier
survival curves (e.g., high- vs. low-expression groups) and by ensuring that the
two curves did not intersect each other. All p values are two-sided; p less than or
equal to 0.05 also we calculated the odd ratio (OR) between low and high ex-

pression groups.

4. Results
4.1. The Clinico-Pathological Features of the Studied Patients

We enrolled 45 patients with CRC newly diagnosed who presented to SECI out
patients clinic from May 2017 to September 2018. Tumor characteristics of the

study patients are shown in Table 1. 16 patients (36%) had high risk pathology

Table 1. Clinico-pathological character of the patients.

Item N (%)
Age (years), Mean + standard deviation 48.29 +15.86
Male 22 (49)
Sex
Female 23 (51)
Colon 23 (51)
Site of tumor
Rectum 22 (49)
Pathology Low risk pathology 29 (64)
High risk pathology 16 (36)
Grade of tumor Gl 7 (16)
G2 22 (49)
G3 16 (36)
Negative 15 (33)
Lymphovascular invasion Positive 19 (42)
Not assessed 11 (24)
limited invasion 7 (15)
Tissue invasion
Marked invasion 38 (84)
NO 13 (29)
Lymph node invasion
N+ 32 (71)
Mo 22 (49)
Distant metastasis
M1 23 (51)
Early stage 12 (27)
Stage
Advanced stage 33 (34)
<5 ng/m 20 (44)
CEA at presentation
>5 ng/m 25 (56)

Data was expressed in form of mean (SD) and frequency (percentage).
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(mucinous adenocarcinoma, signet ring carcinoma, mucoid adenocarcinoma
with signet ring differentiation and poorly differentiated adenocarcinoma) and
29 patients (64%) patients had low risk pathology (well differentiated adenocar-
cinoma and moderate differentiated adenocarcinoma) with 7 patients (16%) had
grade 1 (G1) tumor, 22 patients (49%) had G2 tumor and 16 patients (35%) had
G3 tumor. 15 patients (33%) had negative lymphovascular invasion (LVI), 19
patients (42%) had positive LVI. 11 patients LVI not assessed.

Regarding the TNM staging, only 7 patients (16%) had limited invasion (T1,
T2) and 38 (84%) patients had marked invasion (T3, T4). 13 (29%) patients had
NO and 32 (71%) had N+ (N1, N2, Nx). 22 (49%) patients presented with stage
I-1II, while 23 (51%) presented with metastatic disease (Table 1). 25 (56%) pa-
tients presented with high CEA level (=5 ng/ml) while 20 (44%) patients with
normal level (<5 ng/ml) (Table 1).

4.2. Expression of miRNA-21 and Its Correlation with Control and
Clinico-Pathological Features

Nineteen patients (42%) had down expressed miRNA-21 level and 26 patients
(57.78%) had up expressed level with (cut off value = 1). We didn’t find any sig-
nificant association between the high expression of miRNA21 and age, sex, site

of tumors, pathology type and tumors grads (Table 2). However, our results

Table 2. Corerelatioon between miRNA-21 expression and clicopathological data.

No % No %
MiRNA21 Down expressed  Up expressed P
N=19 N =26
Low risk pathology 12 (41) 17 (59
Pathology 0.878
High risk pathology 7 (43) 9 (56)
Well differentiated 4 (57) 3 (43)
Diff i
tHerentiation /1 derate differentiated 8 (6) 14 (64)  0.609
of tumor
Poorly differentiated 7 (44) 9 (56)
Negative 11 (73) 4 27)
Lymphovascular
o Positive 6 (32) 13 (68)  0.01
invasion
Not assessed 2 (18) 9 (82)
Limited invasion 4 (57) 3 (43)
T 0.433
Marked invasion 15 (39) 23 (61)
NO 11 (84) 2 (15)
N 0.002
N+ 8 (25) 24 (75)
MO 13 (59) 9 (41)
M 0.01
Metastatic 6 (26) 17 (74)
Early stage 10 (83) 2 17)
Stage 0.001
Advanced stage 9 (27) 24 (73)

T = tumor invasion, N = lymph node invasion, M = distant metastasis.
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found significant association between high expression of miRNA21 and LVI p <
0.01 and the LN invasions p value = 0.002 OR 16.5 (95% CI: 2.99 - 90.86). So pa-
tients with down expressed miRNA-21 were about 16 times more likely to have no
lymph node invasion at time of diagnosis than those with up expressed miR-
NAZ21 (Table 2). Also we found statistical significant correlation with miRNA-21
and distant metastasis p value = 0.01, OR 0.244 (95% CI: 0.069 - 0.862).

Patients with down expressed miRNA-21 are about four times less likely to
being metastatic than those with up expressed miRNA-21 with (95% CI: 1.16 -
14.49) (Table 2). The miRNA-21 was statistically significant stage p value =
0.001, OR 13.33 (95% CI: 2.44 - 73.02) (Table 2). There was also significant co-
relation between CEA and miRNA21 with p value = 0.01, OR 3.86 (95% CI: 1.11
- 13.46). Patients with down expressed miRNA21 were about three times more
likely to have CEA at presentation <5 ng/ml than those with up expression with
(95% CI: 1.11 - 13.46).

4.3. The Correlation of the miRNA-21 with the Response to 5-Fu
Based Chemotherapy

The response to 5-fu based regimen in metastatic patients showed statistically

significant association with the low expression of miRNA21 levels p value = 0.001.

4.4, The Correlation of the miRNA-21 with the Survival

Our results showed statistical significant difference in patients with low expres-
sion of miRNA-21 in patients with early disease (non metastatic) in their median
DEFS than those who presented with high expression p value = 0.024 (Figure 1).

Survival Functions

MRNA2
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0 5 10 15 20 25
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Figure 1. Correlation between the miRNA-21 and DFS.
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Hazard of relapse with up expressed miRNA-21 = 2.26 (95% CI: 1.05 - 4.85). On
the other hand, we didn’t find significant difference between patients with low
and high expression of miRNA-21 in advanced patients with metastases in their
median PFS p value = 0.05 Regarding the OS results showed significant differ-
ence between patients with low and high expression of miRNA 23 months (95%
CI: 21.1 - 25.53) vs. 20 months (95% CI: 16.28 - 22.91), Hazard of death with up
expressed miRNA21 = 4.22 (95% CI = 0.901 - 19.65), p value = 0.04 (Figure 2).
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Figure 2. Correlation between the miRNA-21 and the OS.

5. Discussion

miRNA-21 is one of the most extensively investigated oncogenic miRNAs whose
expression is frequently up-regulated in CRC [16]. It can down regulate several
tumor suppressor genes, including PTEN [17].which acts as a lipid phosphatase
to dephosphorylate phosphatidylinositol 3 trisphosphate (PIP3), antagonizing
the PI3K/Akt pathway [6]. This pathway has an important effect on numerous
biological functions, such as cell proliferation, adhesion, angiogenesis, migra-
tion, invasion, metabolism and anti-apoptosis [18]. This suggests the oncogenic
role of miRNA-21 in CRC.

We conducted this study to investigate the miRNA21 as a prognostic and pre-
dictive factor in our cases of CRC.

There was no significant relationships in our study between the miRNA21 and
the age, sex and site of tumor this was matched with previous studies by Zhang
et al. and Bastaminejad et al [19] [20].

Also we didn’t find significant association between miRNA21 expression and

pathological type and grade of differentiation this similar to the results of Mima
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et al. [21]. Our results might disagree with Wu et al [22] who showed that
miRNA-21 expression was significantly higher in patients with poor differentia-
tion but this asymmetry probably explained by small sample size in our study.

There was no significant relationship in our study with the depth of invasion
this was similar to results of Schee et al [23] while Oue et al. [16] demonstrated
that miRNA-21 expression was significantly increased in patients with T4, versus
patients with T1-T3. These discrepancies might be explained by different sample
size and may be different cut off values.

Patients with down expressed miRNA21 in our study are about four times less
likely to being metastatic than those with high expression level. This was similar
to results of multiple studies example of which Toiyama ef al [13] and Drusco et
al. [24].

We found strong association between high expression of mi RNA and ad-
vanced stage and that was in line with previous results like Liu et al [25] and
Bastaminejad et al [20] also significant association was found between the levels
of expression of miRNA21 and LVI and this was explained by Fukushima et al
[26] who reported that miRNA inhibit programmed cell death protein 4 (PDCD4)
which cause more invasion and intravasation [6].

Despite our results contradict previous meta-analysis [27] who reported no
association between expression of mi RNA 21 and CEA levels. However, our re-
sults were in line with Wu et al [22], as our data showed that patients with down
expressed miRNA21 are about three times more likely to have CEA at presenta-
tion <5 ng/ml than those with up expressed miRNA21, OR 3.86 (95% CI= 1.11 -
13.46).

Regarding the response to 5FU based chemotherapy and survival, patients
with high expressed level of miRNA21 were statistically significant insensitive to
5 FU chemotherapy this was similar to results of Caramés et al and Takaaki et
al. [28] [29].

Moreover, we found strong significant association with DFS and OS which
agree with previous researches like Tsukamotoet al [30], Xia et al [27] and Gao
et al. [31]. But our results failed to find association with PFS however similar re-
sults were published before by Jie et al [5].

6. Conclusion

miRNA-21 high expression is associated with bad risk factors and poor DFS and
OS in CRC, also its high expression associated with decreased sensitivity to 5Fu
based regimens. So miRNA-21 could be considered as an ideal non-invasive prog-
nostic and predictive marker in CRC.
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