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Circulating miR-449a pre
dicts survival outcome
for colorectal cancer following curative resection
An observational study
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Abstract
Previous studies showed that microRNA (miR)-449amay function as a tumor suppressor. However, the expression pattern and value
of circulating miR-449a in colorectal cancer (CRC) remain unclear. Therefore, the purpose of this study was to measure circulating
miR-449a level of CRC patients and evaluate its value for predicting prognosis.
Plasma samples of 343 consecutive CRC patients and 162 healthy controls were obtained. Circulating miR-449a levels were

measured by using real-time quantitative reverse transcription polymerase chain reactions. All enrolled patients were followed up in a
regular interval after surgery. The clinical data and survival outcome of all 343 patients were collected. The correlation between
circulating miR-449a level and survival outcomes was analyzed by univariate and multivariate analysis.
Circulating miR-449a level in CRC patients was significantly decreased (P< .05) comparing with healthy controls. Low miR-449a

was significantly associated with CEA and CA19-9 level (both P< .05). Furthermore, patients with a decreased miR-449a level had a
lower 5-years overall survival (OS) rate than those with a high miR-449a (67.4% vs 76.9%, P= .03). Low circulating miR-449a level
also been demonstrated as an independent risk factor for CRC in multivariate COX analysis (HR, 2.56; 95%CI: 1.15–8.63; P< .05).
CirculatingmiR-449awas significantly decreased in CRC patients and closely related to poor prognosis, suggesting that miR-449a

might can be used as a useful diagnostic and prognostic marker for CRC.

Abbreviations: MiR = microRNA, OS = overall survival, ROC = receiver operating characteristic curve.
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1. Introduction

Colorectal cancer (CRC) is one of the most frequent diagnostic
and lethal gastrointestinal malignancies in China.[1,2] Although
earlier diagnosis and advanced therapeutic regimens have
increased survival outcome of patients with CRC over the past
decades, a large part of patients received curative surgery
subsequently suffer from recurrence, thus had an unsatisfactory
prognosis.[3,4] Moreover, for patients experienced recurrent,
chemotherapy and adjuvant therapies may produce adverse side
effects and substantial financial costs, thereby exert adverse effect
on quality of life, as well as economic burden.[5,6] In addition,
CRC patient population always differ greatly in physiological-
psychological status and treatment responses. Therefore, there is
a clear requirement for biomarkers that will facilitate efficient and
effective early risk stratification of patients with CRC.[7] Many
well-established models or biomarkers for the risk stratification
and prognosis prediction of CRC patients has been reported.[8,9]

However, most of such models or biomarkers mainly depend on
postoperative pathological evaluations, which had no signifi-
cance in guiding preoperative neo-adjuvant therapies.[10–12]

Therefore, pretreatment biomarkers with characteristics of
feasible, effective, and noninvasive, for prognosis prediction
and risk stratification, are urgently required.
MicroRNAs (miRNAs) are a subset of small noncoding RNAs

that post-transcriptionally regulate gene expression by specifical-
ly inhibiting target messenger RNAs (mRNAs).[13] Dysregulated
miRNAs expression can be frequently observed in various human
malignancies.[14–19] Most previous studies concerning miRNA
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biomarkers mainly relied on analysis of tissue specimens, while
recently studies have showed that circulating miRNAs could
maintain measurable and stable status in serum or plasma
samples.[20,21] Therefore, recently, expression characteristics
of circulating miRNAs in cancers have been increasingly
evaluated.[22–24]

MiRNA-449a is considered as a tumor suppressive miRNA,
with a remarkably decreased expression level in cancers.[25] It has
been showed that downregulated miR-449a expression was
related advanced clinical stage and poor histological differentia-
tion of CRC.[26] In perspective of underlying mechanism, miR-
449a inhibits the growth andmetastasis of CRC cells by targeting
Notch-1, HADC-1, and SATB2.[27,28] However, no studies have
investigated the value of circulating miR-449a level in CRC
patients. In current study, we focused on circulating level
of miRNA-449a in CRC patients and evaluate its value for
postoperative prognosis.
2. Materials and methods

2.1. Ethics approval, study design, and subjects

The study protocol was approved by the Ethics Committee of
Chinese Academy ofMedical Sciences and Peking UnionMedical
College and conducted in accordance with the tenets of the
Declaration of Helsinki and relevant guidelines. Written
informed consent was required for each subject for the use of
blood samples and clinical data in this study.
This study is a retrospective analysis of prospectively

comprehensive miRNA microarray analyses database. Data of
all CRC patients received curative resection between May 2017
and July 2019 at the Cancer Hospital of Chinese Academy of
Medical Sciences were retrospectively obtained. All enrolled CRC
patients had pathologically confirmed localized adenocarcinoma
and did not receive any anticancer therapies. Exclusion criteria
included preoperative acute and severe comorbidity, contraindi-
cation of curative resection, unavailable and incomplete clinical
and pathological information and survival expectancy less than
24wk. All patients received curative surgery and appropriate
adjuvant treatments according to 2015 NCCN Colorectal
Cancer Practice Guidelines.[29] Clinical and pathological infor-
mation of all enrolled CRC patients were obtained and checked.
Tumor stage was evaluated according to tumor-node-metastasis
(TNM) staging system of the Seventh Edition of the Union for
International Cancer Control. Histologic grade was assessed
based on the World Health Organization criteria. Age and sex-
matched healthy volunteers without history of malignant
disorders or congenital diseases and in health status based
on routine physical examinations were enrolled as the control
group.
After discharging, following-upwas conducted for each patient

though clinical visiting or telephone in a regular style, which
lasted from the surgery time to either death or June 2020.
The survival was evaluated as the primary outcome, presenting as
5-years overall survival (OS) rate.
2.2. Sample preparation and RNA isolation

Almost 5ml sterile peripheral blood was collected from each
enrolled participant. Plasma was extracted by cell-free nucleic
acid isolation using a 2-spin protocol (16,000�g for 10minutes
at 4°C and 1600�g for 10minutes at 4°C), then transferred to a
2

RNase/DNase-free tubes sored at�80°C until for use. Total
RNA extraction was performed by using TRIzol reagent
(Invitrogen, Carlsbad, California) according to the correspond-
ing instructions. Furthermore, the concentration and quality of
RNA were measured by using a NanoDrop 2000 spectropho-
tometer (Nanodrop Technologies).
2.3. Quantification of miRNA by using real-time
quantitative reverse transcription polymerase chain
reactions

Total RNA sample was used to reversely transcribe miRNAs to a
strand cDNA using a TaqMan MicroRNA reverse transcription
kit (Applied Biosystems, Foster City, CA), and then was
quantified by using the QuantMir RT Kit (System Biosciences,
Mountain View, CA) in ABI 7900 Sequence Detection System
(Applied Biosystems) with miR-449a und U6 primers (Applied
Biosystems). The expression levels of each miRNAs were
normalized against U6 expression. The relative expression levels
of serum miR-449a was quantitatively analyzed by using the
2–DDCT method.
2.4. Statistical analysis

The SPSS 20.0 software (IBM) was used to analyses all obtained
data. P< .05 (2 sided) was considered to indicate a statistically
significant difference. The Chi Squared test and Fisher exact
probability methodwas used to evaluate the relationship between
circulating miR-449a levels and clinico-pathological variables.
Receiver operating characteristic curve (ROC) analysis was
adopted to analyze value of the circulating miRNA-449a levels in
detecting CRC. The Kaplan–Meier survival curve method and
log-rank test were conducted to compare the survival rate
between groups. Multivariate Cox hazard regression model was
employed to confirm the independent prognostic factors for
CRC.
3. Results

3.1. Circulating miR-449a level in CRC patients

MiR-449a expression can be found in plasma sample of each
participant. CRC patients had a significant lower mean serum
miR-449a level than that of healthy subjects (P< .05, see Fig. 1).
Furthermore, in ROC curve, circulating miR-449a level can
significantly distinguishing CRC patients from healthy subjects
with a sensitivity of 69.4% and a specificity of 73.3%, and
an area under the curve of 0.76 (95%CI:0.58–0.94, P< .05,
see Fig. 2).

3.2. Correlation between circulating miR-449a and
clinicopathological variables

In this study, Chi-Squared test was applied to evaluate the
association between circulating miR-449a levels and all obtained
clinicopathological characteristics, which showed that the
circulating level of miR-449a was significantly associated with
carcinoembryonic antigen (CEA) and carbohydrate antigen 19–9
(CA19–9) (both P< .05). However, no obvious differences
between high and low miR-449a level groups in terms of the
other variables was found, including gender, age, site and size of
tumor, pathological stage and TNM stage (see Table 1).



Table 1

Correlation between circulatingmiR-449a level and clinic variables
of CRC patients.

Circulating miR-449a

Characteristic High (n=117) Low (n=226) P

Age (yr) .40
≥60 56 (47.9%) 97 (42.9%)
<60 61 (52.1%) 129 (57.1%)

Gender .64
Male 74 (63.2%) 137 (60.6%)
Female 43 (36.8%) 89 (39.4%)

Tumor site .07
Colon 51 (43.6%) 76 (33.6%)
Rectum 66 (56.4%) 150 (66.4%)

Tumor size (cm) .99
≥5 43 (36.8%) 83 (36.7%)
<5 74 (63.2%) 143 (63.3%)

T stage .10
T1+T2 74 (63.2%) 122 (54.0%)
T3 43 (36.8%) 104 (46.0%)

Nodes involvement .74
N0 46 (39.3%) 93 (41.2%)
N1 71 (60.7%) 133 (58.8%)

Clinical stage (TNM) .53
I+II 79 (67.5%) 145 (64.2%)
III 38 (32.5%) 81 (35.8%)

Pathological differentiation .25
Well/Moderate 66 (56.4%) 142 (62.8%)
Poor 51 (43.6%) 84 (37.2%)

CEA (ng/ml) <.01
≥5 10 (8.5%) 80 (35.4%)
<5 107 (91.5%) 146 (64.6%)

CA19-9 (ng/ml) <.01
≥38 50 (42.7%) 44 (19.5%)
<38 67 (57.3%) 182 (80.5%)

Figure 1. Serum miR-449a level in colorectal cancer patients and healthy
controls. The circulating miR-449a levels of 343 colorectal cancer patients was
significant lower than that of 162 age-matched healthy volunteers (P< .05).
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3.3. Prognostic significance of circulating miR-449a level
in CRC patients

All patients were followed up with a median duration of 35.6
months (range, 6.8–78.5months). Among the whole CRC group
completing following-up, 79 (21.8%) patients had tumor-special
death. The univariate analysis showed that patients with
decreased circulating level of miR-449a had a significantly lower
5-year OS rate than those with high miR-449a (67.4% vs.
76.9%, P= .03, Table 2., Fig. 3.).
Figure 2. Receiver-operator characteristic curve for CRC detection. ROC
analysis showed an area under the curve of 0.76 for miR-449a with a 95%
confidence interval between 0.58 and 0.94, P< .01.
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The multivariate analysis by using COX regression model was
applied to confirm independent risk factors for CRC patients,
which showed that a decreased circulating miR-449a level
(P< .01; HR, 2.56; 95% confidence interval [CI]: 1.15–8.63) was
an independent risk factor for patients with CRC independent of
conventional prognostic indictors, such as clinical TNM stage
(P< .01; hazard ratio, 4.37; 95%CI: 3.98–12.33) and pathologi-
cal differentiation (P= .01; hazard ratio, 1.28; 95%CI: 1.01–
6.63) (see Table 2).
4. Discussion

In this study, we evaluated the preoperative circulating
expression pattern of tumor suppressor miR-449ain CRC
patients and found that miR-449a level was significantly
decreased in CRC patients while comparing with healthy
controls. Moreover, circulating miR-449a can be used as an
indicator for discriminating CRC patients from healthy.
Moreover, we also analyzed the potential significance of
preoperative circulating miR-449a as a candidate prognostic
indictor for CRC patients, and showed decreased miR-449a level
was significantly associated with poor OS outcome. We also
suggested that there was a significant correlation between a low
serum miR-449a levels and the levels of classical tumor markers
in CRC patients, such as CEA and CA19–9. According to results
mentioned above, we suggested that miR-449a can be applied in
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Table 2

The survival analysis of CRC patients.

Univariate Multivariate

n 5-yr OS rate P HR 95%CI P

Age (yr) .88
≥60 153 66.8%
<60 190 72.3%

Gender . 24
Male 211 72.5%
Female 132 71.8%

Tumor site .41
Colon 127 70.6%
Rectum 216 69.5%

Tumor size (cm) .16
≥5 126 69.3%
<5 217 72.8%

Tumor invasion depth .56
T1+T2 181 75.7%
T3+T4 162 69.6%

Lymph node involvement .01
N0 139 74.8%
N1 204 67.3%

Clinical Stage .03 4.37 3.98–12.33 <.01
I+II 150 75.3%
III 203 64.2%

Pathological differentiation .03 1.28 1.01–6.63 .01
Well/Moderate 208 76.2%
Poor 135 65.1%

MiR-449a .03 2.56 1.15–8.63 <.01
low 226 67.4%
high 117 76.9%

CEA (ng/ml) <.01
≥5 90 65.4%
<5 253 75.8%

CA19–9 (ng/ml) <.01 2.15 1.02–8.88 .02
≥38 94 64.3%
<38 249 76.1%

CA19–9 = carbohydrate antigen 19–9, CEA = carcinoembryonic antigen, CI = confidence interval, CRC = colorectal cancer, HR = hazard ratio, miR-449a = microRNA-449a, OS = overall survival.
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diagnosis and risk stratification of patients with CRC, and
preoperative circulating miR-449a also can sever as a promising
serum prognostic marker for CRC patients.
MiR-449a severs as a member of the miR-449 family which

consists of similar sequences and structures as the miR-34 family
and exerts critical roles in the development of several cancer
types. The tissue expression level of miR-449a is decreased in
CRC cancer and serves as a tumor suppressor.[26] Previous
studies conducting miR-449a knockdown in mice model showed
that the deficiency of miR-449a was associated with tumorigen-
esis of CRC.[30] Furthermore, miR-449a expression was
associated with down-regulation of several oncogenes, such as
HDAC1, transforming growth factor-b (TGFB), a disintegrin
andmetalloproteinase domain-containing protein 10 (ADAM10)
and mitogen-activated protein kinase 1 (MAPK1), special ATrich
sequence-binding protein 2 (SATB2).[31–33] ISHIKAWA et al also
showed that miR-449a level in tumor tissuemight be a prognostic
biomarker for CRC and miR-449a might regulate HDAC1
expression.[26] In present study, we also showed that circulating
miR-449a was highly decreased in CRC patients and associated
with poor prognosis in CRC patients.
Previous studies involving miR-449a showed that colon

cancer cell lines had a higher expression of miR-449 than the
normal colon tissues.[34] The current study directly evaluated the
4

serum expression of miR-449a in colorectal carcinoma patients.
To the best of our knowledge, the present study is the first to
report the elevated serum expression of miR-449a in colorectal
carcinoma patients. Compared to pathological diagnosis by
tissue sampling, serum samples are easier to obtain and exert
noninvasive to patients. However, the clear and definite function
and underlying mechanism of circulating miR-449a in cancer
have not yet been fully revealed. Previous studies have reported
several mechanisms of circulating miRNAs releasing, including
passive leakage and active secretion. Moreover, circulating
miRNAs from cancer cells can induce tumorigenesis in the
recipient cells.[35–37] Previous studies showed that circulating
levels of miR-18a-5p, miR-21–5p, miR-29a-5p, miR-92a-5p,
miR-143–5p and miR-378–5p were significantly decreased in
patients with CRC.[38] ISHIKAWA et al reported that the miR-
449a level in tumor tissue might be useful as a prognostic
indicator for patients with gastric cancer and associated with
CEA and CA19–9 levels.[39] In this study, we also showed similar
results that circulating miR-449a level was significantly associat-
ed with CEA and CA19–9 in CRC patients. Chen et al also
reported that increased miR-449a expression in colorectal
carcinoma tissues was inversely correlated with serum CEA.[40]

Therefore, serummiR-449a level might be a new treatment target
for CRC patients.



Figure 3. Lower circulating miR-449a level was associated with worse prognosis for colorectal cancer. The prognostic analysis revealed that a low miR-449a level
was significantly associated with a worse 5-year overall survival rate (P= .03).
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The present study firstly showed that the circulating miR-449a
level in CRC patients, which can be used as both a serum
prognostic biomarker and a novel target for CRC treatments. But
there were several limitations in present study. This study has
retrospective design and was performed in a single center. A
large-scale, multicenter prospective study is required to furtherly
confirm these results. Moreover, the roles of miR-449a in growth
of colorectal cancer and underlying mechanisms have not yet
been fully understand. Further experiments need to be performed
to analyze the mechanisms of miR-449a in carcinogenesis.
5. Conclusions

In conclusion, circulating miR-449a levels were decreased in
CRC patients. Moreover, low circulating expression of miR-
449a were positively associated with poor prognosis of CRC,
indicating that miR-449a may act as a tumor suppressor in CRC.
Circulating miR-449a might not only serve as a diagnostic and
prognostic indictor of CRC, but also as a potential novel target
for CRC treatment.
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