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Abstract. There is emerging evidence for the prognostic role 
of various microRNA (miRNA) molecules in colon cancer. 
The aim of this study was therefore to compare the miRNA 
profiles in the primary tumor of patients with recurrent and 
non-recurrent colon cancer. The study population included 
110 patients, 51 (46%) with stage I and 59 (54%) with stage II 
disease, who underwent curative colectomies between 1995 
and 2005 without adjuvant therapy and for whom reliable 
miRNA expression data were available. RNA was extracted 
from formalin-fixed paraffin-embedded (FFPE) tumor samples. 
Initial profiling, using microarrays, was done in order to identify 
potential biomarkers of recurrence. The miRNA expression was 
later verified by quantitative real-time polymerase chain reac-
tion (qRT-PCR). Findings were compared between patients who 
had a recurrence within 36 months of surgery (bad prognosis 
group, n=23, 21%) and those who did not (good prognosis group, 
n=87, 79%) in the entire group and within each stage. The results 
showed that in stage I, none of the 903 miRNAs tested showed 
differential expression between patients with good prognosis 
compared with those with poor prognosis. In contrast, in stage II, 
one miRNA, miR-29a, showed a clear differential expression 
between the groups (p=0.028). High expression of miR-29a was 
associated with a longer disease-free survival (DFS), on both 
univariate and multivariate analyses. Using miR-29a, the posi-
tive predictive value for non-recurrence was 94% (2 recurrences 

among 31 patients). The differential expression of miR-29a was 
verified by qRT-PCR, showing a similar impact of this miR on 
DFS. In conclusion, this study demonstrated a significant impact 
of miR-29a on the risk of recurrence in patients with stage II but 
not in patients with stage I colon cancer. Based on these results, 
a validation study is planned.

Introduction

Colorectal cancer (CRC) is one of the most common malig-
nancies; globally, ~608,000 patients with CRC die annually, 
making CRC the third most common cause of cancer-related 
death worldwide (1). Surgical resection is the standard treat-
ment of localized CRC but the risk of recurrence following 
successful complete (R0) resection is high in stage II and III 
disease and most of these patients will therefore receive addi-
tional treatment: postoperative (adjuvant) chemotherapy if their 
tumor was located in the colon and preoperative (neoadjuvant) 
or postoperative (adjuvant) chemoradiotherapy if their tumor 
was located in the rectum. However, the majority of patients 
receiving neo/adjuvant therapy, which is associated with signif-
icant morbidity and even long-term sequelae and mortality, do 
not need it.

Current methods for stratifying CRC patients by their 
prognosis and thereby identifying those who need neo/adjuvant 
therapy are still mainly based on the extent of the local tumor 
spread, i.e. the TNM staging (2). Other clinicopathological 
prognostic factors, such as tumor grade, vascular invasion and 
perineural spread as well as the presence of obstruction or perfo-
ration, add little to our capacity to distinguish between patients 
who do and those who do not need additional treatment (3). 
Multiple efforts have been made to utilize biological markers 
in order to improve our ability to determine the prognosis of 
an individual patient and thereby to improve the selection of 
treatment. Recently, the use of microsatellite instability (MSI) 
and gene expression profile (Oncotype Dx colon) have shown 
a potential in this field but their actual impact on treatment 
assortment is still unclear (4). There is a clear need therefore 
for novel prognostic factors in CRC using newer technologies.
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microRNAs (miRNAs) are short non-coding RNAs, 17-22 
nucleotides in length, that regulate gene expression and thereby 
play significant roles in human development and various physi-
ological and pathological processes (5-7). The expression of 
miRNAs is dynamic and corresponds to changes in the physio
logical situation. This feature raises the possibility that profiles 
of miRNAs derived from tumoral specimens may be used as 
diagnostic or prognostic biomarkers (8-11). Recent studies, 
also from our group, indeed showed the association between 
the expression of various miRNAs and patient outcome in 
several hematological and solid malignancies, including in the 
gastrointestinal tract (12-18). Currently, the prognostic role of 
miRNAs in CRC is unclear but emerging data are encouraging 
(18-21).

The aim of this study was to compare the miRNA profiles 
in the initial surgically resected specimens of patients with 
recurrent and non-recurrent CRC and thereby to evaluate 
the prognostic impact of various miRNAs. For uniformity 
purposes and because rectal cancer patients are usually treated 
even before surgery, this study focused on tumors located in 
the colon itself.

Patients and methods

Patients. The study population consisted of patients with histo-
logically confirmed adenocarcinoma of the colon that were 
operated and followed at the two hospitals of the Rabin Medical 
Center (RMC), Beilinson and Golda, in Petach Tikva, Israel. 
Patients with tumors in the recto-sigma region were eligible 
but those with rectal tumors were excluded. All patients had 
stage I-II disease according to the AJCC staging system version 6 
(2) and underwent curative resections with clear margins (R0 
resection). Eligible patients had been operated during a 10-year 
period, from 1995 until 2005, to ensure the quality of the 
surgical specimens, adequate follow-up and relatively uniform 
methods for detection of recurrence in all patients. Patients who 
received any postoperative adjuvant therapy were excluded, to 
allow evaluation of a pure prognostic effect rather than a predic-
tive effect of the relevant miRNAs. For the same reason, patients 
with stage III disease, who usually receive adjuvant therapy, 
were also excluded. To assess the patients' 3-year disease-free 
survival (DFS), a minimum follow-up of three years for non-
recurring patients was required. Eligible patients, fulfilling all 
these criteria, were identified from the databases of the Institutes 
of Oncology at both hospitals, following the study's approval by 
the institutional ethics committee.

Follow-up. As a retrospective study, the follow-up policy was 
not pre-specified in the protocol; still, patients were followed 
every three to six months in the first three years, regardless of 
the stage of their disease, according to hospital policy. Patients 
were then followed every six months for two years and yearly 
afterwards. Follow-up visits consisted of a medical history, 
physical examination and testing of the carcinoembryonic 
antigen (CEA) serum level. During the first three years patients 
with stage II disease had also abdominal ultrasound and chest 
X-rays or chest, abdominal and pelvic computerized tomog-
raphy (CT) scan once yearly. Colonoscopy was done one year 
from surgery and every 3-5 years afterwards. The study group 
was divided into those with ‘recurrent’ and those with ‘non-

recurrent’ experience of recurrence of disease within the first 
three years of follow-up. Time of events (recurrence or death) 
is defined from the date of surgery.

Pathology. Paraffin-embedded blocks of the surgical speci-
mens from the initial colectomies of the eligible patients were 
retrieved from the archives of the Institutes of Pathology at 
both hospitals of the RMC. For the purpose of this study, only 
blocks containing at least 50% tumor and >0.5 cm in diameter 
were considered suitable for evaluation. From each block, 10 
slices of 10 µm each were collected in one 1.5 ml tube for 
RNA extraction and microRNA analysis. In addition, a 4 µm 
slide dyed with hematoxylin and eosin (H&E) was prepared 
from each block. All H&E slides were reviewed by two expert 
pathologists (SM, MH), who confirmed the diagnosis and the 
appropriateness for the study as well as other histological 
parameters, such as mucin secretion, grade and vascular or 
perineural invasion.

RNA extraction. Total RNA was extracted as described before 
(11). Briefly, the sample was incubated in xylene at 57˚C to 
remove excess paraffin, and then was washed several times 
with ethanol. Protein degradation was performed by incuba-
tion of the sample in a proteinase K solution at 45˚C for a few 
hours. The RNA was extracted using acid phenol/chloroform 
and then precipitated using ethanol; DNAses were intro-
duced to digest DNA. Total RNA quantity and quality was 
measured by Nanodrop ND-1000 (NanoDrop Technologies, 
Wilmington, DE).

miRNA microarray platform. Custom miRNA microarrays 
were described before (11). Briefly, ~900 DNA oligonucleotide 
probes representing miRNAs (Sanger database version 10 
and additional miRNAs predicted and validated by Rosetta 
Genomics) were spotted in triplicate on coated microarray 
slides (Nexterion® Slide E, Schott, Mainz, Germany). Two types 
of positive controls were included in the experimental design: 
i) synthetic small RNAs were spiked into each RNA sample 
before labeling to verify labeling efficiency and ii) probes for 
abundant small RNAs were spotted to validate RNA quality.

Microarray signal calculation and normalization. The RNA 
fluorescence data from the slide corresponding to each patient 
was loaded into a single database. Two samples for which the 
expression levels were very low (<10 miRNAs with signals 
>300) were excluded. Microarray spots were combined and 
signals were normalized as described before (11). Data were 
log-transformed and subsequent analysis was performed in log-
space. Henceforth, the expression level or signal of an individual 
miRNA refers to the log2 normalized value.

qRT-PCR. For a subset of 15 samples, hsa-miR-29a expres-
sion was quantified along with 4 miRNAs chosen from the 
microarray data as normalizers (hsa-miR-214, hsa-miR-221, 
hsa-miR-141, hsa-miR-185), using a quantitative real-time PCR 
method previously described (22). Samples were normalized 
by subtracting from the cycle threshold (Ct) of hsa-miR-29a 
the average Ct of the normalizers for the sample, and adding 
back a scaling constant (the average Ct of the normalizers over 
the entire sample set). The Ct scale was then inverted such that 
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high values represent high expression (as microarray fluores-
cence) by subtracting the resulting value from 50.

Data analysis and statistics. The clinical and pathological data 
of eligible patients whose surgical specimens were deemed 
suitable for the tissue analysis were entered into an electronic 
database created for this purpose and anonymized. Individuals 
involved in the miRNA measurement were blinded to the 
patients' clinical data.

The data were split by prognosis grouping into patients 
that experienced or did not experience recurrence of disease 
within 36 months from surgery. A total of 147 miRNAs had a 
median signal that passed the minimal threshold of 300 in at 
least one group: 147 passed this threshold when restricting to 
stage I samples and 153 passed it when restricting to stage II 
samples. For each of these, the distributions of readings in 
the two groups were compared using the Student's t-test. The 
threshold for p-value significance was selected by setting a 
Benjamini-Hochberg false-discovery rate (FDR) (23) of 0.1. The 
fold-change between the two groups, which is the ratio of the 
median expression levels, was calculated for each miRNA and 
miRNAs were deemed differentially expressed if the p-value 
was below the significance threshold.

For the most significant miRNA, the cohort was split into 
three groups according to the expression signal of this miRNA. 
Kaplan Meier (KM) survival curves were then used to compare 
the groups, and p-values were obtained by comparing the upper 
and lower expression tertiles using the log-rank test. KM analysis 
was used to test the prognostic value of clinical and pathological 
factors and these, as well as miRNA readings, were combined 
using multivariate Cox regression to evaluate the independent 
prognostic significance of all factors. p-value of 0.05 was used 
as threshold for inclusion/exclusion of factors.

The overall goal of this research was to predict reliably 
non-recurrence after surgery, i.e. to achieve a high positive 
predictive value (PPV, number of correctly predicted non-
recurrent patients/all patients predicted to not recur). After 
choosing the most relevant miRNA, its predictive value was 
optimized by finding the threshold that maximized PPV with 
high sensitivity for detection of non-recurrence. KM was 
repeated based on this separation, and log-rank was repeated 
to measure separation.

Results

Patient characteristics. The clinicopathological characteristics 
of the study population are summarized in Table I. A total of 112 
eligible patients were identified. Reliable miRNA expression 
data were obtained from the samples of 110 of these patients 
(98%) and these patients were included in the statistical analysis. 
The median age of the entire study cohort was 76 years (range: 
49-90) and 58% were males. Fifty-one patients (46%) had stage 
I disease at diagnosis, and 59 patients (54%) had stage II. With 
a median follow-up of 78 months (range: 34-200 months) for 
non-recurring patients, a total of 23 patients (21%) experienced 
recurrence of disease within three years from the date of surgery 
(poor prognosis group), and 87 (79%) did not (good prognosis 
group). The ‘good prognosis’ group included 81 patients who did 
not have any recurrence during their follow-up and 6 who expe-
rienced a recurrence after more than 36 months from surgery. 

Patients with stage I disease had a trend for a higher 3-year 
recurrence rate (27% vs. 14%) although this difference is not 
statistically significant (p=0.067). Considering the entire study 
population, none of the clinicopathological characteristics tested 
showed a significant difference in distribution between the good 
and poor prognosis groups. However, patients with stage II 
disease had a significantly higher rate of left-sided tumors in the 
‘poor prognosis’ group (80% vs. 46%, p=0.034).

Association of miRNAs with outcome. Due to the differential 
prognosis for patients with different stages, we split our anal-
ysis between patients with stage II and those with stage I. As 
few of the latter experienced recurrence we a priori expected 
little prognostic power for miRNA. Indeed, none of the 903 
miRNAs tested showed differential expression, following FDR 
correction, between patients with good prognosis compared 
with those with bad prognosis in stage I patients. In contrast, 
in stage II, one miRNA, miR-29a, came out with a clear differ-
ential expression (Fig. 1, p=6.4e-5) between patients with good 
prognosis (n=43) and those with poor prognosis (n=16), well 
surpassing the FDR-adjusted threshold (p=0.028). As a result, 
only stage II patients were analyzed here. Within this group, 
most recurrence-free patients (67%) had normalized miR-29a 
expression value of 13.5 or higher while the same level of 
miR-29a expression was observed in only 12% of the patients 
with recurrent tumors (Fig. 1).

The prognostic value of the miR-29a signature in stage II 
patients was also evaluated in the context of commonly used 
clinico-pathological variables including tumor grade and 
patient age. By univariate analyses, miR-29a signature, tumor 
grade and location were found to be associated with prog-
nosis (Table II). However, by a multivariate analysis, only the 
miR-29a signature retained its prognostic impact (p=1.6e-4), 
indicating that it was a strong prognostic factor (Table II).

We next compared the prognosis of patients in groups 
stratified according to miR-29a expression levels. We divided 
the samples into tertiles according to high, intermediate or 
low expression level and plotted the DFS curves for the three 
groups. Decreased level of miR-29a was associated with 
greater risk of recurrence (Fig. 2A). miR-29a expression was 
also found to differentiate a sub-group of these patients with 
very privileged prognosis and a sub-group with very poor 
prognosis (Fig. 2B).Using a lower threshold of miR-29a signal 
of 13.5, allows the identification of a group (n=31) with only 
two cases of recurrence within 3 years. The sensitivity for 
identifying non-recurrence was 67% (95% CI: 51-81%) and 
the specificity was 88% (95% CI: 62-98%). The PPV for non-
recurrence was 94% (95% CI: 79-99%) and the NPV was 50% 
(95% CI: 31-69%). Similarly, an upper threshold of 13 can be 
assigned for miR-29a signals in order to identify a group (n=6) 
with a very high rate of recurrence (5 cases) within 3 years. 
The sensitivity in this case for identifying recurrence was 31% 
(95% CI: 11-59%), the specificity was 98% (95% CI: 88-100%), 
the PPV was 83% (95% CI: 36-100%) and the NPV was 79% 
(95% CI: 66-89%). When dividing the data according to these 
thresholds, the resulting p-value is, as expected, very signifi-
cant (p=1.5e-5).

PCR validation of miR-29a expression. In order to assess 
the validity of the detected miR-29a expression signature, we 
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performed qRT-PCR for 15 samples that had been included in 
the microarray analysis that were differentially expressed. The 
relative expression level of miR-29a was correlated with the 
corresponding microarray signal intensities. The correlation 
coefficient between microarray expression and the PCR was 
fair (0.68) and miR-29a was significantly lower in the good 
prognosis group for both the custom array and the PCR (Fig. 3).

qRT-PCR data were analyzed also for prediction of DFS by 
KM analysis. As shown in Fig. 4, KM analysis using expression 
profiles demonstrated that the high and low miR-29a expression 
groups were significantly different in their DFS as measured by 
both microarray (P=0.004) and qRT-PCR (P=0.0039).

Discussion

The current study suggests a potential prognostic role of 
miR-29a in patients with resected stage II colon cancer. Patients 
who did not experience a recurrence within three years from 
the resection of their primary tumor had significantly higher 
expression levels of this miRNA compared with patients who 
did have a recurrence within the same time. To further support 
the prognostic role of miR-29a, high expression levels of this 

Table I. Clinicopathological characteristics.

	 All patients (n=110)	 Stage I (n=51)	 Stage II (n=59)
	 ---------------------------------------------------------------------------------	 -----------------------------------------------------------	 ---------------------------------------------------------
	 Alla	 Goodb	 Poorb	 p-valuec	 Goodb	 Poorb	 p-value	 Goodb	 Poorb	 p-value
	 patients	 prognosis	 prognosis		  prognosis	 prognosis		  prognosis	 prognosis
	 (n=110)	 (n=87)	 (n=23)		  (n=44)	 (n=7)		  (n=43)	 (n=16)

Age, years
  Median (range)	 76 (49-90)	 76 (49-90)	 76 (57-90)	 0.921	 73 (49-89)	 76 (69-80)	 0.233	 79 (53-90)	 77 (57-90)	 0.133

Gender 
  Male	 64 (58%)	 52 (60%)	 12 (52%)	 0.635	 25 (57%)	 5 (71%)	 0.688	 27 (63%)	 7 (44%)	 0.241
  Female	 46 (42%)	 35 (40%)	 11 (48%)		  19 (43%)	 2 (29%)		  16 (37%)	 9 (56%)

Locationa,d

  Right colon	 48 (45%)	 42 (49%)	   6 (29%)	 0.088	 20 (45%)	   3 (50%)	 1	 22 (54%)	   3 (20%)	 0.034
  Left colon	 56 (53%)	 41 (49%)	 15 (71%)		  22 (50%)	   3 (50%)		  19 (46%)	 12 (80%)
  Unknown	 2 (2%)	 2 (2%)	 0 (0%)		  2 (5%)	 0 (0%)	 0 (0%)	 0 (0%)

Graded

  I	 30 (27%)	 22 (25%)	   8 (35%)	 0.431	 17 (39%)	   3 (43%)	 1	 5 (12%)	   5 (31%)	 0.116
  II	 75 (68%)	 61 (70%)	 14 (61%)		  26 (59%)	   4 (57%)		  35 (81%)	 10 (63%)
  III	 5 (5%)	 4 (5%)	 1 (4%)		  1 (2%)	 0 (0%)		  3 (7%)	 1 (6%)

Examined LNa

  ≥12	 33 (31%)	 24 (29%)	   9 (39%)	 0.445	   9 (21%)	 0 (0%)	 0.463	 15 (37%)	 9 (56%)	 0.236
  <12	 74 (69%)	 60 (71%)	 14 (61%)		  34 (79%)	 7 (100%)		  26 (63%)	 7 (44%)

Mucin secretion	 14 (13%)	 11 (13%)	   3 (14%)	 1	 4 (9%)	 1 (14%)	 0.546	   7 (17%)	 2 (13%)	 1

Site of recurrence
  Locoregional	   5 (17%)	 1 (17%)	   4 (17%)	 1	 1 (25%)	 0 (0%)	 0.236	     0 (0%)	   4 (25%)	 1
  Distant	 20 (69%)	 3 (50%)	 17 (74%)		  1 (25%)	 7 (100%)		  2 (100%)	 10 (63%)
  Combined	   4 (14%)	 2 (33%)	 2 (9%)		  2 (50%)	 0 (0%)		      0 (0%)	   2 (12%)

LN, lymph nodes. aData were missing on mucin secretion (4 patients), location (4) and examined nodes (3). b‘Poor prognosis’ and ‘good prognosis’ 
groups were defined as patients who either did or did not experience disease recurrence within 36 months of surgery. Patients whose disease recurred 
after more than 36 months from surgery were classified as having ‘good prognosis’. cP-value was computed for the ‘poor prognosis’ vs. the ‘good 
prognosis’ groups (using Mann-Whitney for continuous data and Fisher's exact test for contingency tables). dP-values were computed for right colon 
vs. left colon for ‘Location’, between grade I and grade II-III combined for ‘Grade’ and between Locoregional and Distant for ‘Site of recurrence’.

Figure 1. hsa-miR-29a expression in stage II good and poor prognosis 
patients. Dotplot representation of hsa-miR-29a expression [in normalized 
log2 (florescence units)] for patients with good prognosis (no recurrence 
within 36 months of surgery, n=43, median=13.7) and those with poor 
prognosis (recurrence within 36 months of surgery, n=16, median=13.2). 
The p-value for this comparison is 6.5e-5 (t-test) and the fold change is 1.4 
(between median values, shown as central lines).
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miRNA correlated not only with the risk of recurrence but 
also with the duration of DFS. Finally, miR-29a preserved its 
powerful prognostic role also in a multivariate model encom-
passing common prognostic factors in colon cancer and in a 
validation test using qRT-PCR. All these findings were limited 
to stage II, and not relevant to stage I patients.

In recent years we have witnessed multiple reports on 
dysregulated expression of multiple miRNAs in CRC. Increased 
or decreased levels of various miRNAs were observed in the 
context of different clinical settings, including the diagnosis of 
the disease (24,25), the evaluation of prognosis (18-21) and the 
prediction of response to treatmenT (26,27). Despite the flood of 
information, the data are still premature to establish the exact role 

of any miRNA in CRC. The focus of the current study was the 
prognostic role of miRNAs in colon cancer. To date, the miRNA 
most studied in this setting is miR-21. Upregulation of miR-21 
was shown to correlate with lymph node positivity, advanced 
stage, development of distant metastases and shorter survival 
(21,28,29). Other miRNAs were also reported to correlate with 
tumor stage or patient outcome, or both, including for instance 
miR-18a, miR-31, miR-106a, miR-200c, miR-143, miR-145, 
miR-320 and miR-498 (19-21,28-31). Our study failed to confirm 
the prognostic role of any of these miRNAs while demon-

Figure 2. Kaplan-Meier model of recurrence for colon cancer patients using hsa-miR-29a expression. Population was split by hsa-miR-29a expression [in nor-
malized log2 (florescence units)], based on expression tertiles (A) and based on best separation (B). P-values, as calculated between the two extreme expression 
tertiles using log-rank are 0.011 (A) and 1.5e-5 (B). NR,  not reached. Gray crosses indicate censored patients.

Figure 3. hsa-miR-29a expression for a subset of good and poor prognosis 
patients in PCR and microarray platforms. Dotplot representation of hsa-
miR-29a expression (inverted normalized Cts) is shown for a subset of 15 
patients that were measured using PCR (A). The expression of these samples 
as measured in microarrays [normalized log2 (florescence units)] is shown as 
well (B). Central lines represent the median values.

Table II. Risk of recurrence in stage II patients.

	 Log-ranka	 Multivariate Coxa

	 -----------------	 ------------------------------------------------
		  Hazard ratio
Variable	 p-value	 (95% CI)	 p-value

hsa-miR-29ab

(log2 normalized expression)	 0.021	 0.194 (0.063-0.597)	 4.3E-03

Ageb 	 0.5	 NA	 NA

Gender	 0.124	 NA	 NA

Gradec	 0.03	 0.795 (0.208-3.04)	 0.737

Tumor locationc 	 0.043	 2.74 (0.744-10.1)	 0.13

Examined lymph nodesc	 0.163	 NA	 NA

Mucin secretion	 0.913	 NA	 NA

aFor all log-rank and Cox analyses, 5 patients with missing data in at least one 
variable were not included. Only variables with log-rank P<0.05 were taken 
for the multivariate Cox analysis. For variables not included, the Hazard 
ratio and p-value are marked NA (not applicable). bLog-rank p-values for 
hsa-miR-29a expression and for age were obtained by running log-rank on 
the two most extreme tertiles. cP-values were computed between grade  I 
and grade II-III combined for ‘Grade’, right colon vs. left colon for ‘Tumor 
location’, ≥12 lymph nodes examined vs. <12 lymph nodes examined for 
‘Examined lymph nodes’.
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strating, for the first time, the importance of another miRNA, 
miR-29a, in this setting. Data on miR-29a in CRC is currently 
limited to two earlier reports. In a study by Huang et al (24), 
high plasma levels of miR-29a were able to distinguish CRC and 
advanced adenomas from controls. Moreover, high plasma levels 
of miR-29a correlated with advanced stage (24). In a later study, 
by Slattery et al (32), higher expression of miR-29a was found 
also in CRC samples compared with normal colonic tissues (32).

There are several possible explanations for the discordance 
between our results and previous ones. One major source of 
heterogeneity of the findings may be attributable to technical 
differences in any of the components of the multistep process 
of the production and evaluation of miRNA. Another possible 
reason is the different endpoints against which the miRNA 
expression was tested; whereas some of the studies explored 
correlations between miRNAs and surrogates for outcome, such 
as tumor depth of penetration or nodal involvement (28,30). 
Others including us, evaluated correlations of miRNAs with, 
the outcome endpoints themselves, DFS, or overall survival 
(18-21). Furthermore, as all studies reported to date evaluated 
small cohorts, usually including only a few dozens of patients, 
the small sample size may also play a major role in the diversity 
of results. Of note, the inconsistency of data is typical to most 
studies in this area, with a limited overlap of the findings of 
the different reports. Taken together, all of this emphasize the 
preliminary nature of the results which are currently available 
regarding the prognostic role of miRNA in CRC, including 
ours. A crucial step forward in that sense would be the perfor-
mance of large scale validation studies. To date, miR-21 is the 
only miRNA for which validation data, though limited, was 
reported (29).

While the actual impact of miR-29a on the clinical course 
of CRC is still unclear, there are rapidly accumulating clues 
as to possible mechanisms through which it may influence the 
cell fate. For example, in vitro analysis of human osteoblasts 
suggested that Wnt signaling can induce miR-29a transcription, 
which may then potentiate the Wnt signaling by downregulating 
key Wnt signaling antagonists. The net result is enhanced Wnt 

signaling, which is crucial for osteoblast differentiation (33). 
As Wnt signaling is involved also in colonic cell differentiation 
(34), the described mechanism may be relevant also to CRC. 
Other studies have linked miR-29a activity to other proteins/
pathways, including some which play a key role in the biology 
of CRC, such as c-Myc, NF-κB and Hedgehog signaling (35), 
PTEN (36) and p53 (37). Functionally, miR-29a and other 
members of the miR-29 family were associated with inhibition 
of cell proliferation, migration and invasion, as well as promo-
tion of apoptosis, in different cancer models (38-40). As one 
would expect from miRNAs, these effects of the miR29 family 
were shown to involve interactions with multiple proteins/
pathways (39). If indeed miR-29a is involved with inhibition of 
the malignant phenotype, regardless of the underlying mecha-
nism, it is not surprising that high expression of this miRNA 
was associated with a low risk of recurrence in our study.

Several strengths and weaknesses of the current study need 
to be discussed. First, its cohort, though small, is one of the larger 
studied in this topic. Second, the study population was strictly 
defined: all patients were operated in a single medical center, 
none received adjuvant therapy and all were closely followed, 
by the same team, for at least three years. Third, the fold change 
of miR-29a, which is the closest to depict the quantitative differ-
ence between the expression levels of this miRNA in the two 
groups, was relatively small (1.4). Still, this difference reached a 
highly significant statistical difference (p=6.4e-5). Moreover, a 
fold change in this order is very common for studies evaluating 
miRNAs as biomarkers. Fourth, several statistical tests were 
run to reduce the risk of randomly choosing a ‘statistically 
significant’ miRNA from the hundreds tested (multiple hypo
thesis testing). Fifth, qRT-PCR was used to verify the findings 
of the miRNA microarrays. Lastly, our results provide clinically 
meaningful predictive values. We identified a group of patients 
with high expression of miR-29a for which the PPV for non-
recurrence was 94%. Clearly, if these results are validated, these 
patients can be safely spared adjuvant chemotherapy.

In summary, this study showed, for the first time, that 
miR-29a has the potential to serve as a biomarker of the 

Figure 4. Kaplan-Meier model of recurrence for colon cancer patients using hsa-miR-29a in PCR and microarray platforms. Plots are shown for 15 patients 
that were measured using PCR (A), with a log-rank p-value of 0.0039. The plots for these samples as measured in the microarrays is shown as well (B), with a 
log-rank p-value of 0.004. Recurrence times after 60 months were censored. NR, not reached. Gray crosses indicate censored patients.
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risk of recurrence in stage II, but not in stage I colon cancer. 
Our results add to the accumulating evidence on the critical 
role of the miR-29 family members in the biology of cancer. 
Further research in this field is warranted and in this context, 
a follow-up validation study is planned.
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