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Expression profiling of selected microRNA signatures in plasma
and tissues of Saudi colorectal cancer patients by PCR
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Abstract. MicroRNAs (miRNAs or miRs) have been advo-
cated as potentially robust and highly stable biomarkers of
diverse disease conditions including cancer. The primary
aim of this study was two-fold: i) to profile the expression
levels of selected mature miRNA signature genes, such as
miR-145, miR-195, miR-29 and miR-92, in a paired-study
design of 20 colorectal cancer (CRC) tissues from patients
versus adjacent neoplasm-free mucosal tissues employing
reverse transcription-quantitative polymerase chain reaction;
and ii) to examine their expression level in the plasma of the
same CRC patients in relation to the age-matched plasma of
healthy controls. Statistically significant (P<0.01) increases in
miR-29 (2.5) and miR-92 (2.6) were observed in CRC tissues
compared with adjacent neoplasm-free mucosal tissues.
Profiling of CRC plasma samples showed that the expression
levels of circulating miR-29 and miR-92 were significantly
higher (P<0.01) than in the age-matched normal plasma. By
contrast, miR-145 and miR-195 exhibited significant (P<0.05)
decreases in their mean expression levels in CRC tissue
samples in relation to the normal tissues. The mean expres-
sion levels of miR-145 and miR-195 were significantly lower
(P<0.05) in CRC plasma than the healthy controls. Distinct
stage-dependent changes in the expression level of the four
miRNA gene profiles were observed between stages II and IV
plasma of CRC patients relative to the control plasma. Taken
together, the results clearly reflect a similar trend for the four
miRNA expression levels in tissue and plasma as well as the
positive correlation in the levels of miRNAs in tissues and
plasma. These findings may be useful to clarify the molecular
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mechanisms underlying colorectal carcinogenesis and to
underscore the potential of the investigated miRNAs as novel
early diagnostic biomarkers of CRC.

Introduction

Worldwide, colorectal cancer (CRC) is ranked the third most
commonly diagnosed cancer types of in both genders after lung
and breast cancers, accounting for almost 10% of the cancer
mortalities each year. Approximately 1.4 million new cases are
diagnosed annually with CRC of which there is an estimated
mortality rate of 50% (1). In the year 2005, the population of the
Kingdom of Saudi Arabia (KSA) was estimated at 16,945,484,
comprising mostly of native Saudis (62%). In that same year,
the Saudi Cancer Registry reported that CRC was the second
most common malignancy among Saudis for all ages (10.3%)
and the number one malignancy in males (11.8%) (2,3).
Additionally, between 1994 and 2003 age-standardized rates
for CRC in KSA almost doubled (2). Between 2001 and 2003,
while the annual percent change (APC) of CRC incidence in
Saudi females exhibited an insignificant increase of 6%, a
profoundly rising incidence among Saudi males was observed,
with an APC of 20.5% (4). It has been predicted that by the
year 2030, the CRC incidence in KSA may increase four-fold
in the two genders (2). This suggests a foreseeable increase in
cancer burden mainly attributed to population growth, adop-
tion of unhealthy life styles and its associated risk factors and
aging of the population.

Early diagnosis and treatment of CRC positively correlates
with higher patient survival rates (5). In the U.S., for example,
the 5-year survival rate is as high as 93.2% for stage I as
compared to only 8.1% for stage IV (5). Consequently, early
diagnosis is a vital goal for any healthcare system to achieve
a reliable treatment and successful clinical outcome of CRC
patients. Several clinical tests are currently employed for
CRC screening, including fecal occult blood tests (FOBT),
radiologic tests, colonoscopy and stool DNA test. However,
none of these approaches have been regarded as the method
of choice due to their invasiveness, low sensitivity or high
cost (6,7). Thus, it is fundamentally important to search for
novel, non-invasive, specific and sensitive biomarkers for the
early diagnosis of CRC.
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Recently, microRNAs (miRNAs or miRs), which repre-
sent a newly-discovered class of short (19-25 nucleotides)
non-coding RNAs, have acquired considerable interest due the
roles they play in a variety of cell processes including develop-
ment, cell cycle progression, cell differentiation, proliferation
and apoptosis (8). Bioinformatics and cloning studies have
indicated that miRNAs may post-transcriptionally regulate
almost 60% of all human genes and control hundreds of cognate
gene targets through their oncogenic or tumor-suppressive
activity (9). Aberrant miRNA expressions have been associ-
ated with several types of hematological and solid malignant
tumors (10,11) including CRC (12-17), highlighting their
potential for diagnostic and prognostic applications, and classi-
fication of human malignancies (18,19). While the discovery of
malignancy-linked RNAs in plasma/serum were first described
almost 10 years ago (20), scientific reports on the existence of
miRNAs in body fluids such as blood plasma/serum, saliva,
urine and semen of cancer patients have only been presented
more recently (21-24). Notably, various studies have recently
confirmed the potential utility of circulating miRNAs as stable
biomarkers for the multi-stage process of carcinogenesis in
solid tumors and several other malignancies (21,23).

The investigation of cancer-specific circulating miRNA
biomarkers is an emerging and promising field of research.
Thus, we aimed in the current study to conduct targeted
transcriptional profiling of a panel of four mature miRNA
signatures (miR-145, miR-195, miR-29 and miR-92) in the
plasma and colorectal tissues of Saudi CRC patients in relation
to healthy controls to assess their potential diagnostic value
using reverse transcription-quantitative polymerase chain
reaction (RT-qPCR). These miRNA genes were particularly
selected based on a comprehensive review of relevant litera-
tures and previously published data on CRC (15,22,25-28).
In addition, the association between the aberrant expression
of these circulating miRNA gene profiles and CRC clinical
stages was also evaluated.

Materials and methods

Patients. The subjects recruited in this study (CRC patients,
n=20; healthy neoplasm-free controls, n=20) were subjected to
rigorous eligibility criteria for the selection (Table I). Patients
were excluded if they had been undergoing chemotherapy or
radiotherapy prior to blood sampling, or clinically diagnosed
with familial adenomatous polyposis or hereditary non-poly-
posis CRC. The tumor-node-metastasis classification system
accepted by the Union for International Cancer Control (29)
has been employed for staging of malignant tumors. Signed
written and informed consent forms were collected from all the
subjects participating in this study for the use of their blood and
tissue samples. Research protocols conducted in this project
were approved by the Institutional Medical Ethics Review
board at the College of Applied Medical Sciences Affiliated to
King Saud University (Riyadh, Kingdom of Saudi Arabia). All
samples were obtained from the Saudi CRC Biobank at King
Khalid University Hospital.

Tissue isolation and RNA extraction. Paired fresh CRC
tissue specimens and their adjacent non-cancerous normal
mucosa were collected from 20 patients who underwent
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Table I. Eligibility criteria for the selection and exclusion of
study subjects.

Clinicopathological characteristics

General inclusion criteria
1. Age =18 years and <80 years
2. Not currently residing in an institution, such as a nursing
home or shelter
3. Not severely ill in the intensive care unit
4. With the capability to give informed consent
5. Encountered between September 2013 and March 2015

Healthy individuals (plasma control group)
1. Underwent the medical check-up in King Khalid University
Hospital
2. Asymptomatic and apparently healthy without a previous
history of cancer
3. Confirmed healthy condition without malignancy in the
physical examinations
4. No system infection (lung, gastrointestinal or urinary tract)

Colorectal cancer patients (CRC group)
1. Underwent colonoscopy biopsy and colorectal surgical
resections
2. Diagnosed by 2 experienced pathologists
4. No pre-operative chemotherapy and radiotherapy

surgical resection of tumors by surgeons and subsequently
examined by pathologists. The CRC tissues were histologi-
cally confirmed to be an adenocarcinoma of the colon. Tissue
specimens were collected in RNAlater® RNA Stabilization
Reagent (Qiagen, Hilden, Germany) tubes, snap-frozen in
liquid nitrogen, and stored at -80°C until further analysis. Total
RNA including miRNAs was extracted from 50-100 mg of
cryo-preserved tissues by use of TRIzol® reagent (Invitrogen
Life Technologies, Carlsbad, CA, USA) as described in the
manufacturer's protocol. In order to maximize RNA yield, a
homogenization step was carried out by use of a TissueLyser
LT with 5-mm stainless-steel beads (Qiagen).

Plasma preparation and circulating RNA extraction. Blood
was drawn from the 20 CRC patients recruited in this study
as well as 20 age-matched neoplasm-free healthy subjects. The
cancer-free status of blood-donating healthy control subjects
was confirmed a priori based on their negative health exami-
nation results including: blood test, chest X-ray, abdominal
ultrasound examination, FOBT, rectal examination, computed
tomography scan and colonoscopy. None of the controls had
been previously diagnosed with any types of malignancy.
Peripheral whole blood (8-10 ml) was collected from each
individual into BD Vacutainer® blood collection tubes (BD
Biosciences, Franklin Lakes, NJ, USA) (EDTA spray-coated).
Plasma was fractionated from whole blood samples according
to the procedure described by Duttagupta et al (30). Freshly
drawn whole blood was processed for plasma fractionation
and the obtained plasma was frozen at -80°C within 4 h from
blood draw. The plasma samples were spectrophotometri-
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cally analyzed to be free from haemoglobin (31). Hemolyzed
plasma samples were excluded from further analysis. Whole
blood was centrifuged at 1,700 x g for 10 min. The obtained
cloudy supernatant was transferred to a fresh tub and centri-
fuged at 2,000 x g for 10 min. Subsequently, the obtained
supernatant was centrifuged at 12,000 x g for 10 min to pellet
any remaining cellular debris. Circulating RNA extraction
was essentially conducted on 1 ml plasma volume using the
Plasma/Serum Circulating and Exosomal RNA Purification kit
(Slurry Format; Norgen Biotek Corp., Thorold, ON, Canada)
following the manufacturer's instructions. The resulting eluate
was subjected to an additional concentration step by the use
of the RNA Clean-Up and Concentration kit (Norgen Biotek
Corp., Thorold, ON, Canada) using 20 ul elution buffer to
collect the RNA.

RNA quality. The concentration of the isolated RNA from
tissue specimens was assessed by measuring the optical
density at 260 nm (OD260) and 280 nm (OD280) using a
Qubit® 2.0 Fluorometer (Thermo Fisher Scientific, Waltham,
MA, USA) and a NanoDrop 1000 spectrophotometer (Peqlab
Biotechnologie GmbH, Erlangen, Germany), whereas the
quality of the RNA purified from plasma was assessed by
PCR amplification curves and efficiencies, due to the absence
of ribosomal RNA. RNA purity was evaluated by the ratio of
the absorbance at OD260/0OD280. Analysis of RNA integrity
(RIN) was conducted using the Agilent 2100 Bioanalyzer
(Agilent Technologies GmbH, Waldbronn, Germany) with
the RNA 6000 series II Nano LabChip analysis kit. The
2100 Bioanalyzer generates numerical RIN values. RIN is an
incremental scale spanning 0-10, where increasing RIN corre-
lates with increasing RIN value. Total RNA samples extracted
from CRC and adjacent neoplasm-free mucosal tissues were of
high integrity as judged by the obtained RIN values of =8.0.

miRNA quantification by real-time (RT)-gPCR. Total RNA
including miRNAs, from a fixed plasma volume of 1 ml or
1 ug RNA from colorectal tissues, was polyadenylated and
reverse transcribed to cDNA in a final volume of 20 yl using
the miScript Reverse Transcription kit (Qiagen) and the
5X miScript HiSpec buffer. Prior to qPCR, cDNA was diluted
by adding 200 ul RNase-free water to the 20 ul RT reaction.
gPCR assays were performed in triplicate measurements using
the miScript SYBR-Green PCR kit (Qiagen, Germany) on the
Rotor-Gene Q 5-Plex HRM (Qiagen) according to the manu-
facturer's instructions. The miRNAs utilized in this study
were purchased from Qiagen.

The amplification profile was denatured at 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min, in
which fluorescence was obtained. After the above PCR cycling
program, melting curve analyses and agarose gel electropho-
resis (3.0%) on the amplicons were conducted to validate the
specificity of the expected PCR amplicon. Raw cycle threshold
(Ct) values, defined as the number of cycles required for the
fluorescent signal to cross the threshold in an RT-qPCR exper-
iment, were calculated using the Rotor-Gene® Q software 2.1
(Qiagen), and implementing automatic baseline settings and a
threshold of 0.1. The ACt was then calculated by subtracting
the Ct values of the control [housekeeping (HK)] gene from the
Ct values of the gene of interest. AACt was then calculated by
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Table II. Clinicopathological characteristics of CRC patients.

Variable Frequency, n=20
Gender
Male 9
Female 11

Age at diagnosis

Mean = standard deviation 61x10.6

Median range 61 (26-84)
TNM stage

I 5

11 3

111 7

v 5
Nodal stage

Positive 12

Negative 8
T stage

T1 3

T2 4

T3 9

T4 4
Tumor location

Rectum 7

Distal colon 5

Proximal colon 8
Histology

Adenocarcinoma 16

Mucous adenocarcinoma 2

Signet ring cell 2

CRC, colorectal cancer; TNM, tumor-node-metastasis.

subtracting ACt of the appropriate controls (plasma, miR-191;
tissues, RNUB-6) from the ACt of the CRC plasma or tissue
sample. The expression level of each miRNA gene was repre-
sented by fold change, which was calculated using the equation
2-44Ct The efficiency of each miRNA assay was determined
by constructing a standard curve using a series of total RNA
dilutions. Assays exhibited good linearity (R*>0.96) across the
obtained Ct values and the log of the initial total RNA quantity
of each dilution (data not shown).

Statistical analysis. Data were presented as mean + stan-
dard deviation. The Mann-Whitney U test was employed to
evaluate the differential expression level of miRNAs between
CRC patients and healthy controls using SPSS Data Analysis
Software version 19 (SPSS, Inc., Chicago, IL, USA).

Results and Discussion
Clinicopathological characteristics of CRC patients. Inclusion

criteria for the 20 CRC patients and 20 healthy individuals
(plasma control group) are detailed in Table I. The age of
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the participants was within the range of =18 and <80 years.
Clinicopathological parameters of the 20 participants (9 men
and 11 women) recruited in the study are shown in Table II.
The mean age of the subjects was 61 years (+10.6 standard
deviation). None of the participants exhibited any evidence of
other disease complications. In addition, 5 participants (25%)
had stage I CRC, 3 (15%) had stage 11, 7 (25%) had stage III,
while the remaining 5 (35%) were diagnosed with stage IV of
the disease (Table II). In terms of tumor location, 7 patients
had tumors which were localized to the rectum, 5 to the distal
colon and 8 to the proximal colon. Histologic examination
revealed that the diagnosed CRC tumors were of the adenocar-
cinoma type: 16 adenocarcinoma, 2 mucous adenocarcinoma
and 2 signet ring cell (Table II).

qPCR analyses of mature miRNAs. Mounting evidence suggests
miRNAs function in carcinogenesis as oncogenes or tumor
suppressors (8,19,27). Thus, it was fundamentally important
to identify CRC-related miRNA signatures by comprehen-
sive quantitative techniques such as qPCR to broaden our
understanding of their functional roles in CRC biology
and pathogenesis. In this context, we selected four mature
miRNAs genes, i.e., miR-145, miR-195, miR-29 and miR-92,
to profile their expression levels in the plasma and tissue
samples of CRC patients in relation to healthy normal speci-
mens. Previously, the most frequently used method for the
quantification of miRNAs was Northern blotting. Alsmost a
decade ago, several assays including cDNA arrays, modified
invader and flow cytometry were introduced for the quanti-
tative determination of miRNAs (18,32-34). However, these
assays often suffer from a serious limitation of low sensitivity
due to the fact that they lack a miRNA amplification step (13).
Thus, being more sensitive and RT-qPCR technology was
employed to overcome the relatively low sensitivity issues of
these assays (35). Traditionally, miRNA discovery workflows
using global profiling are firstly conducted with either cDNA
microarrays or deep sequencing (next generation sequencing).
Subsequently, the RT-qPCR assay is employed as the method
of choice to evaluate the diagnostic potential on a panel of
selected and defined miRNAs of interest (36).

Determination of the most invariantly-expressed housekeeping
miRNA gene in plasma and tissues. A critical prerequisite for
any RT-qPCR assay to robustly profile circulating miRNA
species in body fluids including plasma is the ability to isolate
and accurately measure those miRNAs under study (30). In
order to be able to accurately profile the expression of miRNA
biomarkers in CRC plasma samples in relation to normal
controls we first identified the most invariantly-expressed
miRNA gene to utilize as a reference (HK) gene for RT-qPCR.
Thus, we examined the expression of eight different miRNA
genes and their differential expression between CRC
and cancer-free plasma samples which was calculated by
subtracting their obtained Ct values (ACt=Ctmor-Cteonrol),
The results shown in Fig. 1 indicated that the least variable
gene among the studied miRNA genes is miR-191 with a ACt
value of only 1.7. Therefore, it was employed as a reliable
HK gene for fold change calculations. Previous reports have
recommended using miR-16, miR-223 or let-7a as normalizers
for RT-qPCR data as they maintain a high and constantly
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Figure 1. Identification of the most invariantly-expressed housekeeping
gene in plasma samples. Cycle threshold (Ct) values of each gene in plasma
colorectal cancer samples was subtracted from Ct value in control plasma to
obtain the ACt value.

=

*¥

1

Fold change
N w
ey

Ly
wn

Control miR-29 miR-92 miR-145 miR-195

Figure 2. Fold change of miR-29, miR-92, miR-145 and miR-195 in colorectal
cancer plasma in relation to neoplasm-free plasma controls. Bars show the
fold change presented as mean =+ standard deviation. Experiments were con-

ducted in triplicate ("P<0.05, “P<0.01).
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Figure 3. Fold change of miR-29, miR-92, miR-145 and miR-195 in colorectal
cancer tissues in relation to adjacent neoplasm-free mucsal tissue con-
trols. Bars show the fold change presented as mean =+ standard deviation.
Experiments were conducted in triplicate ("P<0.05, “P<0.01).

expressed level of expression in plasma/serum samples (37).
However, based on our obtained results the abovementioned
candidate normalizer miRNAs exhibited the most variable
ACt values among the 9 genes examined (Fig. 1) and were
therefore disregarded as HK genes in miRNA gene expression
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Figure 4. Fold change of miR-29, miR-92, miR-145 and miR-195 in colorectal cancer (CRC) plasma at different clinical stages. Expression levels of the four
genes varied in different clinical stages. Bars show the fold change represented as mean =+ standard deviation in the plasma from 20 CRC patients versus
non-neoplastic plasma controls. All experiments were conducted in triplicate ("P<0.05, “P<0.01).

profiling in plasma. Nevertheless, more empirical validations
remain to be systematically conducted in order for a consensus
on robust and accurate normalization controls to be identified.
As for colorectal tissues, we established RNU6B (a small
nucleolar RNA gene) as an ideal internal control HK gene, as
it exhibited a consistent, stable and high expression across all
the tested tissue samples

Results of qPCR profiling of 20 clinical CRC plasma
samples showed that the expression levels of circulating
miR-29 and miR-92 were significantly higher (P<0.01) than
in the age-matched normal plasma, with mean fold-change
values of (3.2) and (2.9), respectively (Fig. 2). We then investi-
gated the expression levels of miR-145 and miR-195. The mean
expression levels of miR-145 and miR-195 were significantly
lower (P<0.05) in CRC plasma than in the healthy control
plasma, with means of 0.69 and 0.45, respectively (Fig. 2). In a
paired-study design employing RT-qPCR, statistically signifi-
cant (P<0.01) increases in miR-29 (2.5) and miR-92 (2.6) were
observed in the 20 CRC tissue samples compared with adja-
cent non-cancerous colorectal mucosa (Fig. 3). By contrast,
miR-145 (0.75) and miR-195 (0.53) exhibited statistically
significant (P<0.05) decreases in their mean expression levels
in CRC tissue samples in relation to normal tissues (Fig. 3).
Taken together, our data clearly reflect similar trends in the
expression levels of the four miRNAs in CRC tissues and
plasma, as well as the positive correlation between tissue and
circulating miRNAs. Moreover, the obtained results are in
strong agreement with previous reports on the expression level
of the four miRNASs under investigation in CRC tissues and
plasma (15,22,25-28), thereby confirming their potential as
diagnostic biomarkers.

The ideal biomarker should possess a number of essential
criteria including non-invasiveness, specificity, reliability in
indicating the presence of disease prior to the manifestation
of any clinical symptoms, and more importantly sensi-
tivity to changes in the pathology (disease progression or
therapeutic response) (38). Therefore, we examined whether
there is an association between the aberrant expression of
these circulating miRNAs genes in the plasma and CRC

clinical stages (Fig. 4). Distinct stage-dependent changes in
the expression level of the four miRNA gene profiles were
observed between stages II and IV plasma of CRC patients
relative to control plasma (Fig. 4). This observation clearly
indicates that the four miRNAs under study exhibit some
dynamic changes in their levels of expression as a function
of the clinical cancer stage.

The identification of circulating miRNAs in plasma/
serum has led to scientific interest. Therefore, we investigated
the circulating levels of two overexpressed and two downregu-
lated miRNAs previously identified in plasma samples of CRC
patients compared to healthy individuals. Colorectal adenomas
are a precursor stage of adenocarinoma. Notably, it has been
previously reported that the aberrantly expressed plasma
miR-29a and miR-92a were equally efficient in discriminating
advanced adenoma patients from neoplasm-free individuals,
albeit with a lesser discriminatory power than for CRC
patients (22,39). Similar findings have been recently described
in matched CRC and normal tissue samples for miR-145 at
different clinical stages, emphasizing its potential as an early
diagnostic biomarker for CRC (15). Furthermore, it has been
reported that miR-145 acts as a powerful tumor suppressor
that regulates multiple cell pathways, making it an ideal
biomarker for the diagnosis of various carcinomas (27,28).
However, further studies with larger numbers of patients and
simultaneous measurements of miRNA expression in plasma
and tissue are required to clarify this issue.

There are certain limitations that need to be considered
when interpreting the findings of the current study. Firstly, the
sample size of this study remains critically small, particularly
in the context of miRNA-based biomarker identification and
validation. Secondly, numerous miRNA signatures in plasma
samples are generally too low to be accurately detected and
quantified by RT-qPCR, a well-known limitation of this tech-
nique. Therefore, some potentially relevant markers may not
be efficiently identified. In addition, the fact that no consensus
endogenous control has been established yet in circulating
miRNA studies complicates its reliable investigation. Some
reports have advocated the use of miR-16 as an endogenous
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and reliable control because of its relative stability and abun-
dance in plasma/serum (22,40). However, other reports have
challenged this suggestion by showing that miR-16 exhibits an
aberrantly expression level in plasma/serum which was associ-
ated with the risk of prostate cancer and lymphoma (41,42). We
haveinitiated a high throughput miRNome profiling strategy
based on next generation sequencing technology to aid with
the identification of certain novel miRNA biomarkers that are
differentially expressed in CRC patients (unpublished data).
Thirdly, it is not clear whether the observed mis-expression
levels of the four miRNAs signatures, which were examined
in the current study, are CRC-specific in a Saudi popula-
tion context. Additional functional dissection is required to
confirm the role of the selected miRNA signatures in CRC
and to validate their potential diagnostic and prognostic value.

In conclusion, the qPCR results identified alterations
of miRNA expression in CRC plasma and tissues with two
downregulated miRNAs (miR-145 and miR-195), and two
upregulated miRNAs (miR-29 and miR-92), which are poten-
tial candidate biomarkers for CRC. Plasma miRNAs appear
to be potentially useful biomarkers for the early detection and
diagnosis of CRC. While research on plasma-based miRNA
profiling remains at its infancy compared to investigations
on tissue-based miRNA profiling, it holds great potential
for the development of novel non-invasive blood-based CRC
screening approaches. Nevertheless, the diagnostic value of
the identified panel of miRNA biomarker signatures may
not yet be capable of competing with the performance of
other traditional non-invasive tests, such as immunochemical
FOBTs (39). Additional investigations on a multi-marker
blood-based test, potentially including the panel of miRNAs
profiled in this study among those proposed by other study
groups may constitute a promising strategy to enhance the
repertoire for non-invasive cancer screening programs. A
panel of plasma miRNA multi-markers assays may possess
a superior sensitivity and specificity as compared with other
single-marker ones for CRC screening. Therefore, patients
exhibiting elevated plasma miRNAs, as in the case with
miR-29 and miR-92 for example, may initiate more targeted
and accurate clinical examinations such as colonoscopy.
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