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Abstract The microRNAs (miRNAs), miR-194 and miR-
29b, have been shown to downregulate in colorectal cancer
(CRC) and may identify and classify CRC patients as com-
pared with those in control subjects. In the current study, we
aimed to explore whether the serum levels of the miRNAs
could be potential biomarkers for diagnosis and prognosis of
CRC. A quantitative reverse-transcription polymerase chain
reaction (qRT-PCR) assay was utilized to determine and com-
pare serum levels of miR-194 andmiR-29b in 55 patients with
CRC and 55 control subjects. The correlations between levels
of the miRNAs and clinicopathological stages of cancer were
analyzed in patients. Receiver operating characteristic (ROC)
curve and survival analyses were carried out, respectively, to
determine diagnostic and prognostic values of the miRNAs.
Serum levels of miR-194 and miR-29b were found to be sig-
nificantly lower in CRC patients than those in control subjects
(P<0.0001). Moreover, serum levels of the miRNAs in pa-
tients were inversely correlated with the advanced TNM
stages (P=0.01). ROC curve and survival analyses revealed
that reduced levels of the miRNAs could serve as diagnostic
and prognostic biomarkers for patients with CRC (P=0.0001).

Serum levels of miR-194 and miR-29b may serve as potential
biomarkers for diagnosis and prognosis of CRC.
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Introduction

Colorectal cancer (CRC) has been reported as the fourth most
common cause of cancer mortality around the world with
considerable health burden [1]. Early stage diagnosis of the
disease by noninvasive approaches could lead to effective
treatment and better consequences [2]. In this regard,
microRNAs (miRNAs) in a few biological samples may de-
serve as early detection biomarkers for CRC [2, 3]. miRNAs
are endogenous small, nonprotein-coding RNAs that
posttranscriptionally regulate expression of a broad range of
biologically important genes, functioning as either oncogenes
or tumor-suppressor genes depending on their physiopatho-
logical contribution and the tumor microenvironment [4, 3].
Given the contribution of miRNAs in the pathogenesis of
tumor cells, dysregulation of some miRNAs in tumor tissue
would be conceivable. In fact, altered expression of a variety
of miRNAs has been corroborated in CRC tissues [3].

Alteration in the expression of miRNAs in cancerous tissue
could also be reflected in circulation [5]. Therefore, altered
levels of some miRNAs in plasma/serum or other body fluids
of CRC patients have been extensively explored in an effort to
find suitable diagnostic and prognostic biomarkers [6]. In this
regard, the miRNAs, miR-194 and miR-29b, may act as cir-
culating invaluable and surrogate biomarkers for CRC. While
miR-194 has been shown to be upregulated in esophageal
squamous cell carcinoma and prostate cancer [7], its down-
regulation has been recently reported in endometrial cancer
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[8], primary renal cell carcinoma [9], and CRC tissues [10,
11]. Notably, the low expression level of miR-194 in CRC
tissues was shown to be correlated with increased tumor size
[10, 11]. Furthermore, the decreased level of miR-194 in stool
samples was indicated to differentiate CRC patients from nor-
mal subjects [11]. On the other hand, miR-29b suppresses
proliferation of epithelial cells in the intestinal mucosa [12],
inhibits migration of colon cancer cells [13], and is significant-
ly downregulated in osteosarcoma tissues [14]. Given the in-
volvement of miR-194 and miR-29b in some cancers, includ-
ing CRC and that there were no studies regarding their circu-
lating levels in CRC, we determined the serum levels of miR-
194 and miR-29b in a fairly large number of CRC patients,
relative to control subjects, by real-time PCR assay to explore
their diagnostic and prognostic values.

Materials and methods

Participants of the study consisted of individuals who consec-
utively referred to the Cancer Institute of Tehran in Iran for
suspected colorectal diseases since April 2011 to May 2012.
During the time period, serum samples were obtained from 55
patients with CRC and 55 control subjects. The obtained se-
rum samples were further centrifuged in Eppendorf tubes for
10 min at 20,000g and 4 °C in a fixed-angle rotor centrifuge to
remove residual cell debris, and the new supernatants were
immediately preserved at −80 °C until further analyses. Diag-
nosis of patients and control subjects were based on colonos-
copy and histopathological findings. Control subjects had no
evidence of previous or current (based on colonoscopy) ma-
lignancy. The time relapsed between sampling and diagnosis
was less than 2 weeks. None of the subjects under study had
undergone anymedical intervention such as radiotherapy, che-
motherapy, and surgery before sampling. All CRC patients
underwent curative surgical or endoscopic tumor resection,
and their pathological stages were determined according to
the tumor-node-metastasis (TNM) staging system [15]. After
that, the overall stage groups (0–IV) of the patients were
assigned by histopathologists of the Cancer Institute. The tu-
mor type of patients consisted of 41 adenocarcinomas, 9 squa-
mous cell carcinomas, and 5 adenosquamous cell carcinomas.
Exclusion criteria included inflammatory conditions, familial
adenomatous polyposis, colorectal adenomas, any precancer-
ous polyp or lesion, hereditary nonpolyposis CRC, and other
malignancies except CRC. Information regarding the tradi-
tional clinical features of the participant was provided from
their history and clinical findings.

Approval for the study was given by the ethics com-
mittee of the institute, and all patients and control sub-
jects provided written informed consents before enroll-
ment in the study.

Serum RNA extraction

For RNA isolation, the frozen serum samples were thawed
thoroughly on ice. Total RNA was isolated from 200 μl of
serum using the miRNeasy Serum/Plasma Kit (Qiagen, CA,
USA) following the manufacturer’s instructions, with minor
modifications. At first, 1.7 μl glycogen (10 mg/ml), as a co-
precipitant, was added to 1000 μl Qiazol solution (denaturant
reagent of the kit) and the new mixture was used as denaturant
reagent of the serum. For the aqueous and organic phase sep-
aration step, 200 μl of molecular grade chloroform was added
to the denatured serum and vortexed vigorously for 30 s,
followed by incubation at room temperature for 5 min. After
denaturation by the denaturant reagent, the serum samples
were evenly spiked with 5 μl of 25 fmol synthetic cel-miR-
39 (Qiagen) as an internal control. Cel-miR-39 has been used
as a reliable normalizer for accurate measurement of circulat-
ing miRNAs in patients with colorectal neoplasia [16]. At
final, total RNAwas eluted from the spin column membrane
(provided in the kit) in 30μl RNase-free water (pre-warmed to
55 °C) and about 28 μl of the total RNA solution was obtain-
ed. The optical density of the extracted total RNA samples
was assessed at the wavelengths 260 and 280 nm on a
NanoDrop spectrophotometer (NanoDrop, Wilmington, DE,
USA) to determine their concentrations and purities. The iso-
lated total RNA samples were aliquotted and preserved at
−80 °C until subsequent analysis.

Quantitative real-time PCR

Reverse transcriptase (RT) reaction for complementary DNA
(cDNA) synthesis frommature miRNAs was carried out using
a miScript II Reverse Transcription Kit (Qiagen, CA, USA)
according to the manufacturer’s instructions. Each RT reaction
(as duplicate) included 5 μl of the isolated total RNA, 2 μl
miScript Reverse Transcriptase Mix, 4 μl RT buffer (5×), 2 μl
miScript Nucleics Mix (10×), and 7 μl RNase-free water to a
total volume of 20 μl. To synthesize the cDNAs, the RT reac-
tion mixtures were incubated at 37 °C for 60 min, 95 °C for
5 min, and then placed on ice. The component of each RT
reaction (cDNAs) was diluted with 200 μl RNase-free water.
The tubes containing diluted cDNAs were briefly centrifuged
and immediately placed on ice to proceed with quantitative
real-time PCR.

To amplify the resulted cDNAs, a real-time SYBR green
PCR platform containing miScript SYBR Green PCR Kit
(Qiagen) and miScript Primer Assay (Qiagen) was used. The
real-time PCR mixture for each miRNA under study com-
prised of 2 μl cDNA, 12.5 μl of 2× QuantiTect SYBR Green
PCR Master Mix, 2.5 μl of 10× miScript Universal Primer,
2.5 μl of 10× miRNA-specific forward primer (miScript Prim-
er Assay, Qiagen), and 5.5 μl of water (nuclease free) in a final
volume of 20 μl. All reaction mixtures prepared in 96-well
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optical plates were run on a CFX96™ real-time PCR
apparatus (Bio-Rad, Hercules, CA, USA). A negative
template (without cDNA) control was also simultaneous-
ly run on the same plate to ensure target-specific am-
plification. The real-time PCR cycling conditions includ-
ed a preliminary activation step at 95 °C for 15 min
followed by 40 amplification cycles, each set as dena-
turation at 94 °C for 15 s, annealing at 55 °C for 30 s,
and elongation at 70 °C for 30 s. All real-time PCR
measurements were done in duplicate. After the comple-
tion of real-time PCR reaction, a melting curve analysis
was accomplished to ensure specific amplification of the
target miRNA. Threshold cycles (Ct) for target miRNAs
and the spiked-in control were determined in each
sample.

The Ct values of miR-194 and miR-29b in patients and
control subjects were normalized relative to the Ct value of
cel-miR-39 (the spiked-in control) and their relative levels
were calculated using the 2−ΔΔCt method [17].

Statistical analysis

All statistical analyses were accomplished with SPSS 16.0
software (SPSS Inc., Chicago, IL, USA) and values were
displayed as mean±SD, median [interquartile range (IQR)],
number, and percentage. Based on a pilot study (containing 10
patients and 10 control subjects) for the serum levels of miR-
194 andmiR-29b, we found that with considering 80% power
and 2-sided α=0.05, a sample size of 55 (for each group)
would be sufficient to detect a potential difference between
CRC patients and control subjects. Two tailed Mann-Whitney
U test was used to assign the differences of miR-194 and miR-
29b levels between patients and control subjects. To compare
the differences of the miRNAs between patient’s subgroups,
Kruskal-Wallis test was employed. Chi-squared test was also
used to compare dichotomous variables between patients and
control groups. The Kendall’s tau correlation coefficient (τ)
was used to examine the association between serum miR-194
and miR-29b levels and cancer TNM staging. After
converting to logarithmic scale for values with skewed
distribution, multiple logistic regression analyses were per-
formed to find whether the serum levels of miR-194 and
miR-29b could predict the presence of CRC. Receiver
operating characteristics (ROC) curve analysis was used
to define useful diagnostic cutoff values for the miRNAs
under study. To understand whether the serum levels of
miR-194 and miR-29b were associated with overall sur-
vival of the patients, Kaplan-Meier and stepwise Cox pro-
portional hazard regression analyses were carried out from
the day of sampling until the death or censor date (follow-
up period, 40 months). A P value <0.05 was interpreted
as statistically significant.

Results

Clinical and pathological features of patients and control sub-
jects are displayed in Table 1. As seen, the distribution of age,
gender, and smoking are comparable in the patients and con-
trol subjects.

We compared the relative amounts of miR-194 and miR-
29b in the serum of patients and control subjects. As shown in
Fig. 1, in patients as a whole, the serummedian levels of miR-
194 and miR-29b [0.88 (0.68–1.02) and 0.54 (0.45–0.64)]

Table 1 Clinical characteristics of patients and control subjects under
study

Variable Patients (n=55) Control subjects (n=55) P value

Gender

Male 30 (55) 31 (56) 0.84

Female 25 (45) 24 (44)

Age (years) 58.52±10.02 57.87±10.15 0.73a

Smoking

Yes 10 (18) 8 (15) 0.60

No 45 (82) 47 (85)

Tumor size

<5 cm 27 (49) – –

≥5 cm 28 (51) – –

Tumor differentiation statue

Well 38 (69) – –

Moderate 13 (24) – –

Poor 4 (7) – –

Lymphatic invasion

Yes 28 (51) – –

No 27 (49) – –

Tumor depth invasion

pT1 16 (29) – –

pT2 8 (14.5) – –

pT3 23 (42) – –

pT4 8 (14.5) – –

Histological grade

I 14 (25) – –

II 18 (33) – –

III 23 (42) – –

TNM stage

0 8 (14.5) – –

I 8 (14.5) – –

II 10 (18) – –

III 12 (22) – –

IV 17 (31) – –

CEA (ng/ml) 3.61 (2.74–4.81) – –

CEA carcinoembryonic antigen, TNM tumor-node-metastasis
a Independent t test. Data are depicted as number (%), mean±SD, or
median (25th–75th interquartile range)
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were revealed to be significantly lower than those in control
subjects [1.34 (1.03–1.74) and 0.79 (0.67–0.94) (Mann-Whit-
ney U test, P<0.0001), respectively.

Additionally, serum levels of miR-194 and miR-29b
showed a significant decreasing trend with the advancement
of cancer TNM stages (Kruskal-Wallis test, P<0.001) (Fig. 2).
The medians (IQR) values of serum miR-194 and miR-29b
levels according to patient’s TNM stage subgroups were, re-
spectively, as follows: 0.99 (0.91–1.16), 0.83 (0.70–0.89) in
stage 0, 1.02 (0.76–1.61), 0.64 (0.58–0.69) in stage I, 1.02
(0.84–1.26), 0.61 (0.49–0.68) in stage II, 0.79 (0.66–0.97),
0.52 (0.42–0.60) in stage III, 0.68 (0.55–0.91), and 0.44
(0.37–0.52) in stage IV. Furthermore, serum levels of miR-
194 and miR-29b in the patients demonstrated negative asso-
ciations with TNM stage progression (τ=−0.55, P=0.01 for
miR-194 and τ=−0.61, P=0.01 for miR-29b, respectively).

Surprisingly, neither miR-194 nor miR-29b serum levels did
show notable correlations with other clinicopathological fea-
tures of patients such as age, gender, smoking, tumor size,
tumor differentiation, lymphatic invasion, tumor depth inva-
sion, and histological grade.

Given the presence of significant differences in miR-194
and miR-29b levels between patients and control subjects, a
multiple logistic regression analysis, controlling for the effects
of other covariates, was performed. As shown in Table 2, se-
rum levels of the miRNAs appeared as independent bio-
markers, negatively associated with the presence of CRC.

To define the best cutoff values of serum miR-194 and
miR-29b levels with the capability to discriminate patients
from control subjects, ROC curve analyses were performed.
It was found that serum miR-194 at cutoff value of 1.08 pro-
vides 72 % sensitivity and 80 % specificity with an area under

Fig. 2 Box plots depicting serum miR-194 (a) and miR-29b (b) levels in
control subjects, as well as in colorectal cancer patients according to their
cancer TNM staging (0–IV). As seen, the miRNAs values have a

tendency to be decreased in proportion to the progression of TNM
stags. Lines within boxes represent median values; edges of the boxes
demonstrate interquartile ranges

Fig. 1 Serum levels of miR-194 and miR-29b in control subjects and
colorectal cancer patients. Serum levels of miR-194 and miR-29b were
significantly decreased in patients compared to those in control subjects

(P<0.0001). Lines within boxes represent median values; edges of the
boxes demonstrate interquartile ranges
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curve (AUC) of 0.85 [95 % confidence interval (CI)=
0.79 to 0.93, P=0.0001] to discriminate patients from
control subjects. Likewise, serum miR-29b at cutoff val-
ue 0.66 provided 77 % sensitivity and 75 % specificity
with an AUC of 0.87 (95 % CI=0.80 to 0.96, P=0.0001)
(Fig. 3).

The relationships of serum miR-194 and miR-29b with
prognosis status in CRC patients were further examined by
Kaplan-Meier curve analysis and log-rank test. Furthermore,
prognostic values of the miRNAs was compared with
carcinoembryonic antigen (CEA, a currently used routine tu-
mor biomarker of CRC; data was only available for patients).
The median values of the biomarkers (after log transforma-
tion) were used as cutoffs to segregate the patients with low
levels from those who had the high levels. The analysis re-
vealed that patients with miR-194 levels ≤0.88 fold change,

miR-29b ≤0.54 fold change, and CEA >3.61 ng/ml had a
significantly lower overall survival rate than those patients
with miR-194 levels >0.88 fold change (log-rank=13.393,
P=0.0001), miR-29b >0.54 fold change (log-rank=29.820,
P=0.0001), and CEA ≤3.61 ng/ml (log-rank=4.008, P=
0.045), respectively (Fig. 4).

In order to identify the factors with potential impact on
survival rate, univariate and multivariate Cox proportional
hazard regression analyses were carried out. As expected, de-
creased serum miR-194 and miR-29b levels were remained as
independent indicators of poor prognosis in CRC patients
(Table 3).

Discussion

The results of this systematically designed study delineated
that the serum levels of miR-194 and miR-29b were signifi-
cantly reduced in patients with CRC and these decrements
were in proportionate to the advancing tumor TNM stage.
Most importantly, serum levels of the miRNAs were found
to discriminate CRC patients from control subjects and it was
also evidenced that these miRNAs could serve as robust prog-
nostic biomarkers of CRC.

There is some controversy regarding the exact role of miR-
194 in various cancers. Although few studies have indicated
that miR-194 is significantly upregulated in some cancers [7,
8], many others report contradictory results, especially in
CRC, highlighting its contribution as a tumor-suppressor fac-
tor [10, 8, 11]. Consistent with the latter studies, our findings
exhibited a lower level of miR-194 in the serum of patients
with CRC compared to control subjects. Also, the declined
serum miR-194 level in a mutual relation to the progression
of tumor stage in the patients under study gives further evi-
dence that miR-194 may probably behave as a tumor-
suppressor factor. Some mechanistic links of miR-194 as a
tumor-suppressor have been come from various in vitro stud-
ies. In one study, it has been reported that miR-194 inhibits
CRC cell viability and invasion through targeting the
PDK1/AKT2/XIAP pathway [11]. In endometrial cancer,
miR-194 inhibits tumor invasion process by suppressing the
expression of BMI-1, an important oncogene involved in the
transition of epithelial to mesenchymal cells [18]. Further-
more, miR-194 has shown to suppress murine double minute
2 (MDM2), thymidylate synthase (TYMS), and Smad-
interacting protein 1/zinc finger E-box binding homeobox 2
(SIP1/ZEB2) in renal cell carcinoma cell line [19]. It should be
noted that the three latter targets of miR-194 have a detrimen-
tal role in tumor progression [20–22]; therefore, the miR-194
effects also reflect its tumor-suppressing activity. The respon-
sible factors for the increased level of miR-194 in normal cells
have not been clearly identified. Hepatic nuclear factor 1α
(HNF1α) has shown to upregulate miR-194 expression in

Fig. 3 Receiver operating characteristic (ROC) curve analyses of miR-
194 and miR-29b to find the best cutoff values for discriminating
colorectal cancer patients from control subjects

Table 2 Multiple logistic regression analysis for identifying
independent predictors of colorectal cancer

Variable OR (95 % CI) P value

miR-194 0.43 (0.29–0.66) 0.04

miR-29b 0.38 (0.17–0.58) 0.02

Age 1.09 (0.96–1.51) 0.08

Male gender 1.23 (0.72–3.02) 0.12

Smoking 2.61 (1.48–4.03) 0.09

Serum miR-194 and miR-29b levels were negative predictors of colorec-
tal cancer

OR odds ratio, CI confidence interval
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the gastrointestinal tract [23]. On the other hand, activation of
the tumor-suppressor gene p53 in tumor cell lines has led to
the increased expression of miR-194 [24]. Taken together, this
line of evidence as well as those we discovered in the present
study, potentiate the notion that miR-194 may act as a tumor-
suppressor factor; therefore, our finding of the deregulated
(decreased) level of the miRNA in the serum of patients with
CRC would be conceivable.

With regard to miR-29b, the situation is also conflicting to
some extent. Overexpression of miR-29b in B-cell chronic
lymphocytic leukemia (CLL) [25] and pancreatic cancer tis-
sue specimens [26] has been reported. On the contrary, the
contribution ofmiR-29b as a tumor-suppressor factor has been

corroborated in several cancers including prostate [27], chol-
angiocarcinoma [28], AML [29], colon cancer [13], osteosar-
coma [14], and primary hepatic carcinoma [30]. In this regard,
as for miR-194, we found a lower level of miR-29b in the
serum of patients with CRC, being also decreased with the
advancement of clinical stages of tumors. Several possible
mechanisms have been proposed for the anti-cancer property
of miR-29b. In colon cancer, miR-29b suppresses the malig-
nant cells via the repression of matrix metalloproteinase-2, a
key enzyme degrading extracellular matrix and consequently
involved in tumor invasion and metastasis [13]. It has been
shown that miR-29b directly modulates the molecular chap-
erone VEGF in the osteosarcoma cell line MG63, leading to

Table 3 Univariate andmultivariate Cox proportional hazard regression analyses for finding the independent prognostic factors of overall survival rate
in patients with colorectal cancer

Univariate Multivariate

Variable HR (95 % CI) P value HR (95 % CI) P value

Gender (male vs. female) 1.605 (1.142–2.249) 0.320

Age (<59 vs. ≥59 years) 1.008 (0970–1.048) 0.688

Smoking (yes vs. no) 1.893 (1.306–2.602) 0.835

Tumor size (≥5 vs. <5 cm) 4.357 (1.792–6.645) 0.013* 3.270 (1.814–6.572) 0.117

Tumor differentiation statue (poor + moderate vs. well) 3.681 (1.490–5.497) 0.562

Lymphatic invasion (yes vs. no) 3.359 (1.164–5.705) 0.041* 3.168 (1.085–5.691) 0.405

Tumor depth invasion (pT3 + pT4 vs. pT1 + pT2) 5.274 (2.617–7.543) 0.002* 3.641 (1.297–5.364) 0.213

Histological grade (III vs. I + II) 1.365 (0.923–2.043) 0.134

TNM stage (III + IV vs. 0 + I + II) 11.688 (3.476–39.297) 0.0001* 5.310 (1.151–24.489) 0.032*

miR-194 (low vs. high) 4.739 (1.882–11.929) 0.001* 4.987 (1.672–8.703) 0.023*

miR-29b (low vs. high) 13.636 (4.046–45.955) 0.0001* 7.028 (2.927–34.352) 0.005*

CEA (high vs. low) 4.621 (2.267–7.023) 0.043 1.921 (1.067–4.023) 0.413

HR hazard ratio, CI confidence interval, TNM tumor-node-metastasis, CEA carcinoembryonic antigen

*P values that are statistically significant; after univariate analysis, only significant variables were included in the multivariate analysis

Fig. 4 Kaplan-Meier overall survival curves for serum (a) miR-194, (b)
miR-29b, and (c) carcinoembryonic antigen (CEA) levels in patients with
colorectal cancer. Median levels of the biomarkers (after log
transformation) were considered as cut off values to subgroup patients

into those with low and high levels of the biomarkers. Overall survival
rates between the two subgroups were compared by log-rank test and
significant differences were recognized
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the inhibition of cell proliferation, migration, and invasion
[14]. Also, miR-29b represses the expression of cyclin-
dependent kinase 2; thereby, inhibiting the growth of epithe-
lial cells of the small intestine [12] and restraining metastatic
capacity of prostate cancer via modulating the expression of
epithelial-mesenchymal transition signaling cascade [27].
Anyway, here again, our finding is in accordance with the
mentioned studies, confirming a tumor-suppressor role for
miR-29b.

Of importance, we found, for the first time, that serum
levels of miR-194 and miR-29b can be used as potential non-
invasive diagnostic and prognostic predictors of CRC. Con-
sistent with our finding were two recent studies in which the
diagnostic and/or prognostic implications of miR-194 [11]
and miR-29b [30] for CRC were elucidated in other human
samples such as the tissue and stool. Similarly, serum miR-
29b was shown to be a diagnostic and prognostic biomarker in
patients with primary hepatic carcinoma [31], suggesting its
potential clinical importance for diagnostic and prognostic
purposes.

It is noteworthy to point out that the decreased circulating
levels of some other miRNAs, such as miR-601, miR-760
[32], miR-31, miR-92a, miR-181b, and miR-203 [33] have
been also reported to serve as diagnostic biomarkers in CRC
patients with discriminating powers (sensitivity and specifici-
ty ranging approximately from 70 to 90 %) comparable with
those values we gained in the current study. Considering that
there were no further studies investigating the utility of serum
miR-194 and miR-29b levels as indicators of CRC, results of
the present study may provide a reliable evidence of the cir-
culating miRNAs for further researches and also clinical use.

There were some limitations in the present study that
should not be ignored. The control subjects selected from
persons who underwent colonoscopy examination for colo-
rectal illness and likely were not a typical sample of a com-
prehensively healthy population. However, we excluded all
subjects with underlying known diseases that could interfere
with the miRNAs under study. Additionally, although the
sample size of the study was seemingly adequate, including
larger sample number may improve our results. Investigating
miR-194 and miR-29b expressions in CRC tissues could pro-
vide a stronger evidence of the origin of the biomarkers in the
serum. However, the expression pattern of the biomarkers has
been studied recently in CRC tissues [10, 11, 30] and may be
of fewer interest compared to the serum samples. Whatever
the source of the miRNAsmight be, their circulating levels are
further requirements for diagnosis and prognosis.

In conclusion, the current study disclosed that miR-194 and
miR-29b levels are significantly decreased in sera from pa-
tients with CRC in comparison with those in control subjects.
Given that the decreased serum levels of the miRNAs discrim-
inated CRC patients from control subjects and was correlated
with tumor TNM stages progression as well as poor survival

in the patients, measuring their levels in the serum may be
utilized as a noninvasive diagnostic and prognostic tool for
CRC. The results may be extended into clinical setting pro-
vided that further validation studies are to be performed.
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