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Abstract
Background: Colorectal cancer (CRC) is the third most frequently 
diagnosed cancer all over the world and the prognosis is associated with 
the stage at diagnosis. Due to insufficient sensitivity of tumor markers, as 
CEA, CA19.9, guaiac-based fecal occult blood and fecal immunochemical 
occult blood testing used in the routine, there is a need for non-invasive, 
new biomarkers with high sensitivity and specificity and they will be helpful in 
early diagnosis. microRNAs (miRNA) are small, single-stranded noncoding 
transcripts, and some of them play critical roles in tumorigenesis and have 
a potentially clinical value in diagnosis, treatment and prognosis evaluation 
for CRC. In this study we aimed to compare miRNA’s expression profiles 
between pathologically diagnosed CRC patients and healthy control groups.

Methods: Blood samples from participants were collected for test-scale 
analysis. Plasma samples were extracted from whole blood, then total RNA 
are isolated and pre-amplified as manufacturer’s protocol. Finally, real-time 
PCR step was performed with BioMark System by using manufacturer’s 
protocol.

Results: Plasma samples of 37 CRC patients and 238 healthy subjects 
were examined to profiling 741 miRNAs expression, using high-throughput 
real-time quantitative RT-PCR. Among them, 3 miRNAs (miR-1274A, miR-
875-5p, miR-34c-5p) were found significantly up-regulated while 8 miRNAs 
(miR-30d-5p, miR-150-5p, miR-30a-5p, miR-34a-5p, miR-223-3p, miR-576-
3p, miR-30c-5p, miR-195-5p) were found down-regulated in CRC patients 
compared to control group.

Conclusion: In this study it was shown that miR-150-5p, miR-30a-5p, miR-
34a-5p, and miR-195-5p can be helpful in early diagnosis of CRC similar to 
some other studies.

Keywords
Colorectal cancer; Early diagnosis; MicroRNAs; Real-Time PCR; 
Tumor marker

*Corresponding author: Serin Akbayir, Department of Biochemistry, Faculty of 
Medicine, Mersin University, Mersin, 33079, Turkey, Tel: +90-324-3374300/1530; 
Fax: +90-324 337 43 05; E-mail: serinakbayir@hotmail.com

Received: December 14, 2013 Accepted: February 24, 2014 Published: 
February 28, 2014

• mRNA: messenger RNA
• 3’-UTR: 3’-untranslated region
• PCR: Polymerase Chain Reaction
• EDTA: Ethylenediaminetetraacetic acid
• cDNA: Complementary DNA
• qRT-PCR: quantitative Real Time-Polymerase Chain Reaction
• IFC: Integrated Fluidic Circuit
• HT: Hypertension
• DM: Diabetes Mellitus
• HCC: Hepatocellular carcinoma
• DTL: denticleless protein homolog
• IGF-1R: Insulin-like growth factor-1 receptor
• FOXO1: Forkhead box O transcription factor
• PAI-1: Plasminogen Activator Inhibitor-1
• HUVECs: Human umbilical vein endothelial cells
• tRNALys5: transfer RNALys5

• 6-OHDA: 6-hydroxydopamine
• Prx III: Peroxiredoxin III
• MAPT: Microtubule-associated protein tau

Background
Colorectal cancer (CRC) is the third most commonly diagnosed 

cancer and an important cause of cancer-related deaths worldwide 
[1,2]. CRC’s prognosis is linked to stage of the disease in the course 
of diagnosis [3]. Early detection methods and therapeutic approaches 
are searched by investigators to improve the CRC treatment and 
prolonged patient survival in recent years [4].

One of the most common tumor marker used for monitoring 
postoperative surveillance and response to CRC therapy is 
carcinoembryonic antigen (CEA). Although CEA is used for 
detecting CRC recurrence or as a population screening tool, it lacks 
sufficient sensitivity. Another tumor marker, Carbohydrate Antigen 
19.9 (CA19.9), is less sensitive than CEA but it has also been used as 
a tumor marker [5-8].

Although they are used in the detection of CRC since the last three 
decades, guaiac-based fecal occult blood and fecal immunochemical 
occult blood tests for screening CRC, or the approach on cells 
sloughed or shed from tumors into the stool and body fluids for 
biomarkers representative of the disease such as APC, p53 and K-Ras, 
they have limited success due to low specificity and sensitivity [9,10]. 
Because it’s important to provide diagnostic information that will 
be helpful in the therapeutic decision specially for the symptom free 
patients with CRC, new diagnostic markers are needed to identify 
the disease in earlier stages [10,11]. Due to insufficient sensitivity of 
tumor markers currently used in routine, new and preferably non-
invasive markers with high sensitivity and specificity would be useful 
that will be generating solutions in early diagnosis.

Some of the microRNAs (miRNAs) play critical roles in 
tumorigenesis and have a potential clinical value in diagnosis, 
treatment and prognosis evaluation for CRC [12-16]. It is important 
to identify the targets of miRNAs and explain their complex 
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regulatory networks.
miRNAs are small, single-stranded noncoding transcripts 

that have been identified as cellular molecules [17]. They regulate 
gene expression post-transcriptionally through binding to the 
complementary sites of target messenger RNAs (mRNAs), as 
3’-untranslated region (3’-UTR), and induce mRNA degradation or 
translational inhibition. miRNAs play an important role in regulating 
diverse biological processes, such as proliferation, differentiation and 
apoptosis [18-21].

Each miRNA may control hundreds of mRNA targets [22]. It is 
estimated that more than 10% of all protein-encoding human genes 
may be regulated by these mechanisms [23]. More than 1000 miRNAs 
have been identified in humans to date and each one is assigned a 
numerical identifier (www.miRBase.org 11.05.2013).

More than 50% of miRNA genes are located in cancer-associated 
gene regions or in fragile sites, which are defined as spaces or fractures 
on chromosome caused by during metaphase replication stress in 
the specific genomic regions. This suggests that miRNAs play an 
important role in the pathogenesis of neoplasia [24].

miRNAs have tumor suppressor and oncogenic functions which 
have been shown to be dysregulated in many types of cancer [22,25]. 
Cumulative evidence indicates that oncogenic or tumor suppressor 
miRNAs have roles in the tumorigenesis of CRC. These molecules 
draw attention since they possess the tumor marker potential for 
diagnostic, therapeutic, prognostic exploration. It is important 
to discover the differentially expressed miRNA to elucidate the 
mechanism of miRNA regulation [12-16,26,27].

The difference of miRNAs expression profiles between normal 
and malignant tissues led the investigators to identify the miRNAs 
possible tumor marker roles in tumor diagnosis, prognosis and 
staging. Tumor differentiation stage and the origin of the tissue can 
be defined and classified by miRNAs’ expression profiling. In recent 
years, there is gradually increasing studies about miRNAs potential 
biomarker roles in early diagnosis [17,28-33].

Even though many studies have focused on miRNA expression 
profiling in CRC recently, most of these studies have analyzed smaller 
number of miRNAs using real-time polymerase chain reaction (PCR) 
or hybridization based technology [17,34-36].

In this study we aimed to compare 741 different miRNAs’ 
expression profiles in the pathologically new diagnosed CRC patients 
and healthy control groups and to elucidate the possible miRNAs can 
be used as biomarkers for the diagnosis of CRC.

Methods
Patients and samples: 37 blood samples from patients with CRC 

(5 of the patients have rectum cancer, 31 of the patients have colon 
cancer and 1 of the patients has colon and rectal cancer together) 
were collected from the Department of General Surgery, at Mersin 
University Faculty of Medicine as well as from 238 healthy volunteers 
for test-scale analysis. CRC patients applied to the clinic who had 
no other cancer are randomly accepted into the study that had 
newly been diagnosed without stage separation. All CRC patients 
were diagnosed by operation and pathological confirmation. The 
healthy subjects were randomly chosen from the people who were 
fully employed, productive people. These subjects were aged 18 and 
older, and had not been hospitalized for at least one year. Patient 
and control group’s demographic characteristics and medical 
history were collected. Risk factor prevalence was determined by 
physician diagnosis for hypertension and diabetes. After receiving 

a confirmation from Mersin University Faculty of Medicine Ethical 
Committee (07.04.2011, #2011/70), all individuals were informed 
about the study and written consents were taken.

RNA Isolation, Reverse Transcription and qPCR: Blood samples 
were taken into Ethylenediaminetetraacetic acid (EDTA) tubes and 
samples were centrifuged for plasma extraction. Plasma transferred 
into a clean microcentrifuge tube and following the second centrifuge 
200 μl of plasma stored at -80°C. RNA was isolated using High Pure 
miRNA Isolation Kit (Roche, Mannheim, Germany) according to the 
manufacturer’s instructions and then stored at -80°C until use.

Isolated RNA samples were reverse-transcribed into 
complementary DNA (cDNA) in 5 μl final reaction volumes using 
TaqMan MicroRNA Reverse Transcription Kit (Catalog number: 
4366596; Applied Biosystems, Foster City, CA, USA). All reactions 
were performed as specified in the manufacturer’s protocol. Reverse 
transcription was performed using Gene-Pro Thermal Cycler 
(B384G, SN: BYQ606002E-060, Korea). cDNA samples were kept at 
-80ºC until PCR analysis.

Pre-amplification: We applied pre-amplification reaction after 
reverse transcription using TaqMan PreAmp Master Mix 2X (PN 
4391128; Applied Biosystems, Foster City, CA, USA) and Megaplex 
Human Primer Pools Set v3.0 (PN 4444750; Applied Biosystems, 
Foster City, CA, USA). All reactions were performed as specified in 
the protocols of the manufacturer. miRNA TaqMan PreAmp Thermal 
Protocol was performed using Gene-Pro Thermal Cycler (B384G, SN: 
BYQ606002E-060, Korea).

qRT-PCR: Quantitative Real-Time PCR reactions (qRT-PCR) 
were performed by using high-throughput BioMark Real-Time PCR 
system (Fluidigm, South San Francisco, CA). Pre-amplified cDNA 
samples with PCR mixture pipetted into sample inlets of 96.96 
Dynamic Array (Fluidigm, South San Francisco, USA). 1:1 diluted 
20X Assays pipetted into assay inlets of 96.96 Dynamic Array. The 
BioMark IFC controller HX (Fluidigm, San Francisco, CA) was 
used to load the assay mix and sample mix from the inlets into the 
96.96 Dynamic Array reaction chambers for qRT-PCR by Fluidigm’s 
Integrated Fluidic Circuit (IFC) Technology. Real-Time PCR step 
was performed by using BioMark System by using manufacturer’s 
protocol.

Table 1: CRC patients and control groups demographic characteristics and 
medical history.

CRC (n=37) Control (n=238)
Gender
Female 13 (35%) 97 (41%)
Male 24 (65%) 141 (59%)
Mean Age (Year) 60 30,6
Smoking
Yes 7 (19%) 65 (27,3%)
No 30 (81%) 173 (72,7%)
HT
Yes 9 (24,3%) 2 (0,8%)
No 28 (75,7%) 236 (99,2%)
DM
Yes 6 (16%) 3 (1,3%)
No 31 (84%) 235 (98,7%)
Family History
Yes 8 (21,6%) 0
No 29 (78,4%) 238 (100%)

n: Number of individuals, CRC: Colorectal cancer, HT: Hypertension, DM: 
Diabetes mellitus.
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Statistical Analysis: All statistical analyses were performed using 
the Biogazelle’s qbase PLUS 2.0 software which uses global means 
normalization method in order to troubleshoot the housekeeping 
gene problem in circulation. This qPCR profiling platform that 
consists of 741 miRNAs were analyzed together by using global 
mean normalization. Statistical analyses of miRNAs between CRC 
and control groups were compared with the Mann-Whitney U test. 
p<0.05 was considered statistically significant.

Results 
The information of the control and CRC patients groups about 

gender, mean age, smoking, medical history (Hypertension (HT) and 
Diabetes Mellitus (DM)), and family history are given in Table 1.

Plasma samples from 37 CRC patients and 238 healthy subjects 
were examined for the expression of the 741 miRNAs using high-
throughput real-time qRT-PCR. Among them 3 miRNAs (miR-
1274A, miR-875-5p, miR-34c-5p) were significantly up-regulated 
and 8 miRNAs (miR-30d-5p, miR-150-5p, miR-30a-5p, miR-34a-5p, 
miR-223-3p, miR-576-3p, miR-30c-5p, miR-195-5p) were down-
regulated in CRC patients compared to control group (fold change 
>2) (Table 2 and Figure 1).

Discussion
In this study, we compared the expression levels of 741 miRNA’s 

in CRC patient and healthy control group’s plasma samples and 
observed the alteration of the 11 miRNA’s levels in CRC group. 
According to statistical analysis results, its seen that miR-1274A, 
miR-875-5p and miR-34c-5p levels were increased while miR-30d-

5p, miR-150-5p, miR-30a-5p, miR-34a-5p, miR-223-3p, miR-576-3p, 
miR-30c-5p and miR-195-5p levels were decreased 2 or more fold in 
CRC patient compared to controls.

It has been reported that miR-30d was amplified in more than 
30% of multiple types of human epithelial tumors [37]. While Yang et 
al. were identified miR-30d regulated autophagy process by directly 
targeting multiple genes of the autophagy pathway [38] and Su et al. 
defined miR-30d, miR-181a and miR-199a-5p as regulatory small 
RNAs that act cooperatively to control GRP78 levels, which is a major 
endoplasmic reticulum chaperone and a master regulator of the 
unfolded protein response [39]. Daneshmand et al. also showed that 
miR-30d is down-regulated and GRP78 is up-regulated in samples of 
prostate, colon and bladder cancer patients, suggests that miR-30d 
seems to suppress GRP78 and this miRNA may be clinically relevant 
[40]. miR-30d expression down-regulation could contribute to the 
process of thyroid cancer progression, leading to the development 
of anaplastic carcinomas [41]. Yao et al., suggested that miR-30d 
up-regulation is closely related to the increase of hepatocellular 
carcinoma (HCC) metastasis, and associated with tumor invasion 
and metastasis [42]. Despite the conflicting results of many kinds 
of cancer in the literature, miR-30d-5p (miR-30d) expression was 
down-regulated 43–fold in CRC patient group, in this study.

In Ma et al. study miR-150 showed decreased expression levels 
in tumour tissue compared with paired non-cancerous tissue, which 
indicated that the levels of miR-150 expression were associated 
with CRC. They suggested that predictable and systematic changes 
in miRNA expression patterns may occur during tumorigenesis 
and may be representative of sporadic CRC [43]. It is reported that 
overexpression of miR-150 inhibits tumour cell growth in vitro and 
inhibits tumour growth in animal models [44]. We also found down-
regulated miR-150-5p (miR-150) expression similar to Ma et al. 
study and this down regulation was 38-fold in CRC group compared 
to controls. Besides these results, it has been shown that miR-150 
expression downregulation acts as an anti-apoptotic factor in human 
diffuse gastric cancer [45] and adrenocorticotrophic hormone-
secreting pituitary tumours [46].

Although Baraniskin et al., were performed stable overexpression 
of miR-30a-5p in colon cancer cell lines, and they suggested that 
miR-30a-5p is able to induce growth inhibition in colon cancer cells, 
which is accompanied by an induction of cellular apoptosis and 
an increase of cells arrested in G1 phase [47], there are published 
studies about miRNA and cancer reported miR-30a-5p expression 
is down-regulated in some tumors, including CRC [13,48]. In this 
study, we also found that miR-30a-5p expression levels were down-
regulated (21-fold) in patient group. An inverse correlation between 
denticleless protein homolog (DTL, a potential miRNA-30a-5p 
target, and also known as retinoic acid-regulated nuclear matrix-
associated protein or DNA replication factor 2) and miR-30a-5p 
expression observed in primary CRC specimen. It has been reported 
that DTL plays an essential role in cell proliferation, cell cycle arrest 
and metastatic potential in HCC, breast cancer, gastric cancer and 
rhabdomyosarcoma [47].

Nugent et al. were found significantly lower miR-34a (miR-
34a-5p) expression levels were in CRC and breast cancer patients 
compared to controls, though not in melanoma, prostate or renal 
cancers in their study performed with whole blood [49]. We also 
found decreased miR-34a-5p expression levels in the patient group 
as Nugent et al. study with the only difference our study performed in 
the plasma. miR-34a was shown regulated by p53 tumor suppressor 

Table 2: Up-regulated and down-regulated miRNAs in CRC patients compared 
to control group.

miRNA Fold change p
miR-30d-5p -43,84 0,0026
miR-150-5p -38,72 <0,001
miR-30a-5p -21,85 <0,001
miR-34a-5p -13,27 0,0168
miR-223-3p -12,58 0,0112
miR-576-3p -11,51 0,0079
miR-30c-5p -9,01 0,0254
miR-195-5p -8,29 0,0044
miR-1274A +9,14 0,0026
miR-875-5p +10,78 0,0079
miR-34c-5p +5586 0,0036

Figure 1: Up-regulated and down-regulated miRNAs’ bar graph in patients 
with CRC and control groups. (CNRQ: Calibrated Normalised Relative 
Quantity).
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gene and suppress the proliferation of CRC cell lines, and have a role 
in apoptosis in several malignancies. The tumor suppressive function 
of miR-34a was a result of the suppression of key cell cycle regulators 
and activation of p53 and p21 [50-52]. In addition to the roles played 
alone it may be possible that miR-34a combined with other miRNAs 
as part of a ‘‘biomarker panel’’ may together provide sufficient 
sensitivity and specificity to distinguish CRC patients from others, 
because of a tumor-specific profile based on a panel of miRNAs may 
have greater sensitivity and specificity than use of any single miRNA 
have suggested by previous authors [14,17,49,53].

Li et al. reported that miR-223 targeted artemin and its 
overexpression repressed cell migration and invasion in esophageal 
carcinoma cells [54]. However, Li et al. found that miR-223 promoted 
invasion and metastasis by targeting tumor suppressor EPB41L3, in 
gastric cancer [55]. Jia et al. study demonstrated that miR-223 plays 
an important role in the inhibition of hepatoma cell proliferation via 
targeting insulin-like growth factor-1 receptor (IGF-1R) [56]. Wua et 
al. demonstrated that Forkhead box O transcription factor (FOXO1) 
and its phosphorylation were down regulated by miR-223 [57]. 
Besides these studies Fu et al., compared CRC samples and normal 
epithelial tissues and they found up-regulated miR-223 expression 
levels in CRC group [58]. We also found down-regulated (12-fold) 
miR-223-3p (miR-223) levels was in CRC group performed with the 
plasma in our study like the study of Fu performed with the epithelial 
tissues.

In the literature research in English we did not reach any 
published article about miR-576-3p related with the CRC. However, 
in our study, we have found decreased level of miR-576-3p (11-fold) 
expressions in CRC group.

Although miR-30c’s possible roles in the inhibition of metastasis 
in cancer was shown with recent studies, miR-30c’s functions and the 
target genes in human disease are not completely understood yet [59]. 
Poudel et al. suggested that miR-30c, in part, mediates anti-cancer 
properties of surfuretin by suppressing cyclin D1 and D2, providing 
new mechanistic insights into the function of sulfuretin as a potential 
therapeutic for a variety of cancers [60]. Bockhorn et al. asserted 
that the identification of miR-30c-VIM/TWF1-IL-11-pSTAT3 
invasion regulating pathway, with relevance to chemo-resistance in 
breast cancer, will expedite the development of targeting strategies 
to prevent and treat breast tumor progression [61]. Marchand et al. 
extends recent results obtained in pulmonary endothelial cells and 
adipose tissue as they demonstrated that miR-30c also participate 
to Plasminogen Activator Inhibitor-1 (PAI-1) expression in human 
umbilical vein endothelial cells (HUVECs). They showed that miR-
30c inhibits both PAI-1 mRNA and protein levels [62]. miR-30c-5p 
(miR-30c) was 9-fold down-regulated in CRC group compared to 
control group in this study.

miR-195 is one of the miR-16/15/195/424/497 family members 
and has been shown to play an important role in tumorigenesis, 
as a tumor suppressor. Wang et al found that miR-195 was down-
regulated in tumors compared with normal colorectal samples and it 
has been seen more often in patients with lymph node metastasis and 
advanced tumor stage [63]. Liu et al. found that miR-195 was down-
regulated in CRC tissues compared to non-neoplastic mucosa tissues. 
They suggested that replace of miR-195 in CRC cell lines could reduce 
cell viability, promote cell apoptosis and suppress tumorigenicity 
[64]. We also found 8-fold down-regulated expression levels in CRC 
group compared to controls in our study.

Sorafenib is the current standard chemotherapy in patients with 

advanced HCC and can inhibit cell proliferation, angiogenesis and 
apoptosis of HCC in vitro and in vivo [65-68]. Zhou et al. study 
results suggested in light of the information aforementioned that 
miR-1274A may act as an important regulator in sorafenib target-
chemothearapy and emphasizes a new miRNA-based mechanism 
of sorafenib antitumor therapy [69]. It is reported that miR-1274A 
recently entered the miRBase database, but it shares identical 
18-nucleotide stretches with transfer RNALys5 (tRNALys5), in another 
study. Therefore, they proposed that the corresponding miRNAs 
should be validated in more detail, as the small RNA fragments that 
led to their description are likely derived from tRNA processing [70]. 
By comparing CRC patients and controls plasma, we found that miR-
1274A expression was 9-fold up-regulated in CRC group.

miR-875 expression levels were found significantly higher 
after 6-hydroxydopamine (6-OHDA) treatment, in Li et al. study. 
Furthermore, they confirmed that peroxiredoxin III (Prx III) was a 
direct target gene of miR-875. They proposed that changes in miRNA 
expression occured after 6-OHDA treatment and suggested that 
miRNAs and their predicted targets have a potential role in apoptosis 
of dopaminergic cells, in neurodegenerative diseases [71]. In this 
study, we have seen that miR-875-5p (miR-875) expression level was 
up-regulated in patients with CRC (10-fold).

Expression of miR-34c-5p was down-regulated in paclitaxel-
resistant gastric cancer samples in Wu et al. study. They suggested that 
DNA methylation, dysregulation of miR-34c-5p, and microtubule-
associated protein tau (MAPT) expression are critical factors in the 
chemoresistance of gastric cancer to paclitaxel [72]. We found that 
expression level of miR-34c-5p was up-regulated in CRC patients’ 
plasma compared to controls’.

Although it is an important detail in this regard is to find the right 
answer, if the expression of oncomirs or tumor supressor miRNAs 
changing in different stages of the CRC or the stage of the disease 
does not dictate differences in overall levels of expression, there is a 
lack of studies related to miRNA expression levels in different stages 
of CRC.

In one of the few studies conducted on this topic it has been found 
that miR-34a, miR-155 and miR-200c significantly overexpressed in 
CRC and may be associated with the development of the disease. 
miR-34a and miR-200c were only significantly upregulated in 
rectal cancer, whereas miR-155 overexpression was not statistically 
significant nor in colon neither in rectal cancer. The miR-34a was 
higher in rectal cancer having more advanced TNM stage (III+IV) 
and may be involved in the development and progression of rectal 
cancer [73].

In another study Brosens et al. showed lower levels of miR-
150 in adenomas which represent a precursor stage of carcinoma. 
If decreased miR-150 expression promotes progression to CRC, 
decreased expression in adenomas may be an early cellular event 
in tumour development. Promoting miR-150 activity may help to 
prevent tumour development in populations at high risk of CRC, 
such as individuals with familial adenomatous polyposis [74].

Altered expression levels of miR-150-5p, miR-30a-5p, miR-34a-
5p and miR-195-5p which we found in our study were consistent 
with the literature that suggests, these miRNAs may be used for the 
diagnosis of CRC. On the other hand, the levels of these miRNAs also 
can be varied in other cancer types, so to support the spesific changes 
in the CRC a greater number of studies are needed. Our primary goal 
is to identify up or down-regulated miRNAs in CRC in the Turkish 
population so new diagnosed patients included in this study without 
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separated by stages. It would be useful to compare these miRNAs 
expression levels according to the patient groups separated by stages 
with further studies. In addition, we think that if these miRNAs are 
considered together as a panel, it can be facilitate distinguishing CRC 
and other cancers.

Conclusions
We found that miR-150-5p, miR-30a-5p, miR-34a-5p, and miR-

195-5p expression were down-regulated in CRC group compared 
to controls, and there were different studies in a manner consistent 
with our results. Studies [13,43,48,49,63,64], including ours indicate 
that miR-150-5p, miR-30a-5p, miR-34a-5p, and miR-195-5p may be 
useful in early diagnosis of CRC.
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