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Abstract. – OBJECTIVE: MicroRNAs (miR-
NAs) play an essential role in the development 
and progression of colorectal cancer (CRC). Ab-
errant expression of miR-199a was associated 
with cancer development in many cancers. How-
ever, little was known about the clinical value 
of miR-199a in CRC. This study aimed to inves-
tigate the potential relationship between miR-
199a expression and CRC prognosis. 

PATIENTS AND METHODS: Quantitative re-
verse-transcriptase polymerase chain reaction 
(qRT-PCR) was carried out to detect miR-199a 
expression level in serum from 107 CRC patients 
and 60 healthy controls.  

RESULTS: Serum miR-199a levels were sig-
nificantly lower in CRC patients, particularly in 
advanced stage CRC subjects. MiR-199a expres-
sion in patients with distant metastasis and lymph 
node metastasis was markedly reduced compared 
to those without. Moreover, low serum miR-199a 
expression was associated with various CRC clin-
icopathological parameters. The serum miR-199a 
levels in CRC patients were increased significant-
ly after their treatment. Furthermore, the patients 
in low serum miR-199a expression group had both 
worse overall survival and disease-free survival. 
In the multivariate analysis, serum miR-199a was 
identified as an independent prognostic marker. 

CONCLUSIONS: Reduced serum miR-199a 
was associated with poor prognosis in CRC and 
it might be useful as a marker for diagnosis and 
prognosis in CRC. 
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Introduction

In China, colorectal cancer (CRC) is the fourth 
most common cancer in men and the third in wom-
en, accounting for 6-8% of all cancer deaths in 20131, 

2. Early-stage diagnosis of CRC can significantly 
improve patient survival and decrease the mortali-
ty of this malignancy, but less than 40% of patients  

rtain limitations. For instance, fecal test shows 
poor performance to detect precancerous lesions, 
and colonoscopy is an invasive procedure at high 
costs6-8. Thus, there is an urgent need to identify 
non-invasive, highly sensitive biomarkers to detect 
early CRC. MicroRNAs (miRNAs) are a class of 
small noncoding RNAs (19-24 nucleotides) and reg-
ulate gene expression at post-transcription level9,10. 
The association between miRNA and cancer was 
reported for the first time in 200211. After that, more 
and more evidence revealed that aberrant expressed 
miRNAs could affect cancer development and act 
as cancer suppressors or oncogenes. In 2008, Mitch-
ell et al12 reported serum or plasma miRNAs could be 
used as biomarkers for the blood-based detection of 
human cancer. MiR-199a is located on human chro-
mosome 19 within intron 14 of the dynamin-2 gene, 
and miR-199a-5p and miR-199a-3p are expressed 
from the miR-199a precursors13,14. Recent studies 
demonstrated that miR-199a is involved in the initi-
ation and progression of various cancer types, such 
as hepatocellular carcinoma20, cutaneous squamous 
cell carcinoma22, renal cell carcinoma23, testicular 
cancer24, ovarian cancer26, 27 and gastric cancer28, 29. 
Further studies had reported that miR-199a could 
act as a potential diagnostic and prognostic marker 
in diffuse large B-cell lymphoma19 and ovarian can-
cer25. However, the clinical significance of miR-199a 
in CRC remained poorly known. In this study, we 
aimed to explore the diagnostic and prognostic role 
of miR-199a in CRC. 

Patients and Methods 

Patients and Blood Collection
A total of 107 CRC cases including 65 men and 

42 women were enrolled, and no patient had re-
ceived any chemotherapy or radiotherapy before 
surgery. Tumor stage was determined according 
to the fifth edition of the American Joint Commis-
sion on Cancer Tumor-Node-Metastasis (TNM) 
classification system. Patient characteristics were 
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shown in Table I. Moreover, sixty healthy indi-
viduals between 29 to 73 years old were recruit-
ed as controls. Our study was approved by the 
Ethics Committee of Renmin Hospital of Wuhan 
University. Written informed consent was ob-
tained from each patient, and all specimens were 
handled and made anonymous according to the 
Ethical and Legal standards. Up to 5 ml of whole 
blood were withdrawn from all participants early 
in the morning. All blood samples were centri-
fuged at 3,000 rpm for 20 min and at 12,000 rpm 
for 10 min at 4°C, then the supernatant was col-
lected and stored at -80°C for further analysis. 

RNA Isolation and Quantitative 
Reverse-Transcriptase Polymerase 
Chain Reaction (qRT-PCR)

Total RNA containing small RNA was ex-
tracted from plasma using a miRVana PARIS Kit 
(Applied Biosystems, Foster City, CA, USA) ac-
cording to the manufacturer’s instructions. RNA 
purity and concentration were determined with 
a NanoDrop 2000 spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA). Subse-

quently, miR-199a levels were quantified in tripli-
cate by qRT-PCR using the Maxima SYBR Green 
qPCR Kit (Thermo Fisher Scientific, Waltham, 
MA, USA) on an ABI 7900 HT qRT-PCR in-
strument (Applied Biosystems, Foster City, CA, 
USA). The relative expression level of miR-199a 
in serum was calculated by the equation 2-ΔΔCt, 
and cer-miR-39 was used as an internal control. 

Statistical Analysis
The statistical significance was determined 

with the Mann-Whitney U test or Kruskal-Wallis 
test between groups. Receiver-operating charac-
teristic (ROC) curves were generated, and the area 
under ROC curve (AUC) was calculated to deter-
mine the diagnostic accuracy of serum miR-199a 
for CRC. The Pearson’s chi-squared analysis was 
performed to assess association between serum 
miR-199a expression and clinical variables. The 
association between survival and serum miR-199a 
was analyzed by Kaplan-Meier method and Log-
rank test. Multivariate cox proportional hazards 
regression analysis was performed to identify inde-
pendent predictive factors of survival. Overall sur-

Table I. Correlation between serum miR-199a levels and clinical parameters in CRC patients.

Features N High miR-199a Low miR-199a p-value
  (n=49) (n=58) 

Age    NS
  < 60             52 28 24 
  ≥ 60           55 21 34 
Gender    NS
  Male               65 27 38 
  Female              42 22 20 
Preoperative CEA level    NS
  < 5 ng/mL 50 24 26 
  ≥ 5 ng/mL 57 25 32 
Distant metastasis    0.0262
  Negative 76 40 36 
  Positive 31  9 22 
Histological grade    NS
  Well 34 19 15 
  Moderate 52 23 29 
  Poor 21  7 14 
Lymph node metastasis    0.0189
  Negative 48 28 20 
  Positive 59 21 38 
Size    NS
  < 5 cm           55 29 26 
  ≥ 5 cm         52 20 32 
TNM stage    0.0019
  I/II 43 27 16 
  III 41 18 23 
  IV  23 4 19 

*TNM, tumor-node-metastasis; CEA, carcinoembryonic antigen; NS, not statistically significant.
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vival (OS) was measured as the time from the date 
of initially surgery to the date of death or last fol-
low-up. Disease-free survival (DFS) was measured 
as the time from the date of initially surgery to the 
date of relapse or death or last follow-up. Statisti-
cal analysis was performed using MedCalc 16.4.3 
(MedCalc Software, Ostend, Belgium). A p-value 
less than 0.05 was statistically significant.

Results

The Expression Level of Serum 
miR-199a in CRC Patients 

Serum miR-199a levels in 107 CRC subjects 
and 60 healthy controls were detected by qRT-
PCR. The data showed that serum miR-199a 
levels were significantly decreased in CRC pa-
tients compared to healthy controls (p < 0.01, 
Figure 1A). Furthermore, when all CRC cases 

were grouped based upon TNM stage, serum 
miR-199a levels in patients with stage I/II were 
greatly higher than those in stage III or IV sub-
jects (both p < 0.01, Figure 1A). In addition, a 
significant decrease in serum miR-199a levels 
was observed in patients (n=31) with distant 
metastasis in comparison with those (n=76) 
without (p < 0.01, Figure 1B). Likewise, pa-
tients with lymph node metastasis (n=59) had 
significantly lower serum miR-199a expres-
sion than those (n=48) without (p < 0.01, Figure 
1C). Next, ROC curve analysis was performed 
to evaluate the diagnostic value of serum miR-
199a. As presented in Figure 2A, the serum lev-
el of miR-199a had a specificity of 83.3% and 
a sensitivity of 77.6% to discriminate the CRC 
patients from the healthy controls, with an AUC 
of 0.864. Moreover, serum miR-199a level could 
well distinguish advanced CRC patients (stage 
III/IV) from healthy subjects with an AUC val-

Figure 1. A, Significant under expression of miR-199a in CRC patients compared to controls. B, MiR-199a expression in CRC 
patients with distant metastasis was significantly lower than those without metastasis. C, MiR-199a expression in CRC patients 
with lymph node metastasis was significantly lower than those without metastasis.

A

C
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ue of 0.962, and the specificity and sensitivity 
were 83.3% and 96.9%, respectively (Figure 
2B). To determine whether serum miR-199a 
levels were associated with treatment response, 
blood samples were collected from all CRC cas-
es two weeks after treatment and detected by 
qRT-PCR. We found serum miR-199a levels in 
post-operative samples were significantly high-
er than those in pre-operative serum samples 
(p < 0.01, Figure 3).
The Association Between Serum 
miR-199a Expression and Clinical 
Parameters of CRC

The correlation between serum miR-199a ex-
pression levels and clinicopathological factors was 
statistically analyzed in Table I.  All CRC subjects 
were divided into miR-199a high and miR-199a low 
groups according to the median fold-change val-
ues. Low serum miR-199a expression was closely 
associated with distant metastasis (p=0.0262), 
lymph node metastasis (p=0.0189) and TNM stage 
(p=0.0019). Whereas, there were no significant 
changes between serum miR-199a expression and 
other parameters including age, gender, preopera-
tive carcinoembryonic antigen (CEA) level, histo-
logical grade, and size (all p>0.05).

CRC Patients With Low Serum miR-199a
Expression Had Shorter OS and DFS

The correlation between serum miR-199a 
levels and survival of CRC patients was further 
evaluated. A Kaplan-Meier survival analysis 
showed that low expression of serum miR-199a 
was significantly correlated with worse overall 
survival, as well as poorer disease free survival 
(p=0.013, Figure 4A; p=0.007, Figure 4B).

Serum miR-199a Was an independent 
Risk Factor for CRC

As shown in Table II, a multivariate Cox re-
gression analysis revealed that miR-199a ex-
pression was an independent prognostic marker 
in CRC patients (OS: RR=2.86, 95% CI=1.43-
4.38, p=0.009; DFS: RR=3.29, 95% CI=1.56-
5.13, p=0.005). Furthermore, the other factors 

Figure 2. A, ROC curve analysis illustrated that the serum miR-199a was a potential biomarker for screening CRC patients 
from healthy controls. B, ROC curve analysis illustrated that the serum miR-199a could well screen advanced CRC patients 
from healthy controls.

A B

Figure 3. The association between serum miR-199a levels 
and treatment response.
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responsible for CRC prognosis included lymph 
node metastasis (OS: RR=1.92, 95% CI=1.15-
2.83, p=0.018; DFS: RR=2.25, 95% CI=1.26-
3.37, p=0.011), distant metastasis (OS: RR=1.71, 
95% CI=1.02-2.58, p=0.021; DFS: RR=2.13, 
95% CI=1.24-3.16, p=0.012) and TNM stage 
(OS: RR=3.47, 95% CI=1.64-5.57, p=0.003; DFS: 
RR=3.95, 95% CI=1.82-6.26, p<0.001).

Discussion

We explored the potential clinical utility of 
serum miR-199a to serve as a noninvasive bio-
marker in CRC patients. Firstly, serum miR-199a 
levels were significantly lower in CRC patients 
than those in controls. Secondly, miR-199a levels 
in CRC patients with lymph node metastasis or 
distant metastasis were lower than those without 
metastasis. Thirdly, serum miR-199a showed good 

performance to differentiate CRC subjects or stage 
III/IV CRC from healthy volunteers. Fourthly, 
low miR-199a expression was strongly associated 
with aggressive clinical variables. Finally, CRC 
patients with low miR-199a expression tended to 
have poorer OS and DFS, and serum miR-199a was 
considered as an independent prognostic factor for 
worse prognosis. Our data demonstrated that low 
miR-199a expression occurred more frequently in 
CRC, and the findings were in agreement with pre-
vious studies. Ye et al15 noted that miR-199a was 
distinctly reduced both in CRC and metastasis 
tissues, and re-expression of miR-199a decreased 
HIF-1α and VEGF expression and inhibited cancer 
cell migration and invasive capabilities. Kong et 
al16 found that miR-199a-5p expression was greatly 
lower in CRC tissues than normal tissues. CAC1 
knockdown or miR-199a-5p upregulation reduced 
the tumor cell drug resistance and dramatically in-
hibited cancer cell growth, invasive and migratory 

Figure 4. A, Kaplan-Meier curve of the overall survival of 107 CRC patients. B, Kaplan-Meier curve of the disease-free 
survival of 107 CRC patients.

A B

Table II. Multivariate Cox regression analyses for overall survival and disease-free survival.

      Overall Survival   Disease Free Survival

 RR (95% CI) p-value RR (95% CI) p-value

Lymph node metastasis  1.92 (1.15-2.83) 0.018 2.25 (1.26-3.37) 0.011
 (Positive vs. Negative)
Distant metastasis 1.71 (1.02-2.58) 0.021 2.13 (1.24-3.16) 0.012
 (Positive vs. Negative) 
TNM stage 3.47 (1.64-5.57) 0.003 3.95 (1.82-6.26) <0.001
 (III/IV vs. I/II)
Serum miR-199a 2.86 (1.43-4.38) 0.009 3.29 (1.56-5.13) 0.005
 (Low vs. High)
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phenotypes. Similarly, in vitro evidence demon-
strated ectopic miR-199a-5p expression would re-
sult in inhibition of cancer development, and miR-
199a-5p upregulation led to decrease DDR117 or 
FZD6 expression18. To date, a growing number of 
researches have reported miR-199a played a criti-
cal role in tumorigenesis of many cancers. Troppan 
et al19 reported that diffuse large B-cell lymphoma 
(DLBCL) patients with high miR-199a expression 
levels were associated with longer overall survival, 
and miR-199a upregulation significantly enhanced 
the chemosensitivity of cancer cells and reduced 
cell viability after exposure to doxorubicin, ritux-
imab and vincristine. In hepatocellular carcinoma 
(HCC), Duan et al20 found that miR-199a/214 ex-
pression was significantly markedly lower in can-
cer tissues and cell lines. NFκB was inversely cor-
related with miR-199a/214 expression and NFκB 
inhibition could restrain tumor growth. Likewise, 
Song et al21 reported miR-199a was frequently de-
creased in cancerous tissues and cells. Low miR-
199a expression was a good prognostic indicator 
for HCC patients, and in vitro and in vivo evidence 
showed miR-199a overexpression resulted in sup-
pression of the carcinogenesis by degrading FZD7. 
Wang et al22 revealed that expression of miR-199a 
was greatly reduced in cutaneous squamous cell 
carcinoma (cSCC) tissues when compared to the 
normal tissues. High miR-199a expression signifi-
cantly suppressed cSCC cell proliferation and in-
vasion through directly targeting CD44, and vice 
versa. Zhang et al23 found miR-199a was frequent-
ly underexpressed in renal cell carcinoma (RCC) 
tissues and negatively related to poor prognosis. 
High miR-199a expression significantly inhibited 
the tumorigenesis by downregulating ROCK1 ex-
pression. Cheung et al24 revealed that restoration 
of miR-199a in testicular cancer led to decreases in 
cell growth, migration, invasion and metastasis in 
vitro and in tumor cell proliferation in vivo, PODXL 
was its downstream target. In ovarian cancer, miR-
199a downregulation was observed in cancerous 
tissues compared with corresponding normal spec-
imens and strongly associated with shortened sur-
vival time. Moreover, in vitro analysis showed high 
miR-199a expression could reverse cisplatin resis-
tance and enhanced cisplatin-induced apoptosis by 
negatively regulating HIF1α or mTOR25-27. In con-
trast, some researches had reported higher miR-
199a expression in gastric cancer (GC). A previous 
study showed miR-199a directly targeted Smad4 
and enhanced GC cells growth and survival, in-
dicating miR-199a promoted the tumorigenesis of 
GC28. Similarly, Song et al29 recently reported that 

miR-199a was dramatically upregulated in GC tis-
sues and metastatic tissues, and the increased miR-
199a expression induced GC cell proliferation, 
migration and invasion via regulating mitogen-ac-
tivated protein kinase kinase kinase 11, which was 
known as a tumor suppressor. 

Conclusions

We firstly provided the evidence that serum 
miR-199a levels were highly decreased in CRC 
patients in comparison with normal controls, and 
its lower expression was closely correlated with 
poor prognosis of CRC, suggesting miR-199a 
might perform a key role in CRC oncogenesis. 
Thus, serum miR-199a was useful as a potential 
diagnostic and prognostic marker for CRC. There 
were still some limitations to this study. For in-
stance, the sample size was relatively small, and 
the patients with colorectal polyps should be en-
rolled for comparison. Therefore, the role of miR-
199a in CRC needed further investigation.
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