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Abstract 

Background: MiRNAs play an important role in the development of colorectal cancer (CRC); however, there is little evidence of miRNAs in the 
screening of the nutritional risks of patients with CRC. 
Objectives: This study aimed to explore the role of preoperative miR-149 in nutritional screening of patients with CRC, and its associations 
with clinicopathological characteristics and postoperative complications of patients with CRC. 
Methods: The associations of serum miR-149 with clinicopathological characteristics and postoperative complications of patients were 
analyzed in this study. The receiver operating characteristic curves were plotted with miR-149 as the test variable, the grouping results of the 
patients with nutritional risks (total NRS2002 score ≥3 points), and no nutritional risks (total NRS2002 score <3 points) based on the 
preoperative NRS2002 score as the state variables. The consistency of miR-149 and NRS2002 in the nutritional screening of CRC was analyzed 
using the Kappa test.  
Results: MiR-149 was low in patients with CRC. There was a statistically significant difference in the miR-149 expression among 
patients with different tumor diameters and TNM stages in the two groups. The preoperative total NRS2002 score of CRC patient s was 
<3 (without nutritional risks) in 271 cases, and ≥3 (with nutritional risks) in 129 cases. The sensitivity and specificity of miR-149 in 
the diagnosis of nutritional risks were 76.74% and 84.50%, respectively. The Kappa value was 0.622 with miR -149=3.095 as the 
critical value. 
Conclusion: MiR-149 can reflect the preoperative nutritional status of patients with CRC, and miR-149=3.095 can be used as the cut-off point 
for nutritional risk screening of patients with CRC, which is an important index for assessing the nutritional risk in the preoperative period. 
The expression of miR-149 has a certain association with postoperative complications. 
 

Keywords: Colorectal cancer, Complications, MiR-149, Nutritional risk 

 
1. Background 

Colorectal cancer (CRC) is one of the most 
common causes of malignant tumor-related deaths in 
the world (1), and it is the most common malignancy 
of the digestive system. There are more than 1.2 
million new cases and no less than 600,000 deaths of 
CRC every year, and they both show increasing trends 
year by year (2). Among all cancers in the world, the 
morbidity rate of CRC ranks third, and its mortality 
rate ranks fourth in the world (3). Many CRC patients 
will be misdiagnosed, and less than 40% of the 
patients can be diagnosed early. As a result, more 
than 50% of the CRC patients have missed the best 
opportunity of diagnosis and treatment, and some 
have already been in TNM stage III+IV when treated, 
with a 5-year survival rate of far lower than 40% (4). 
Therefore, it is needed to actively find better markers 
for early detection and adjuvant therapy of CRC, 
which has extraordinary value for altering the 
prognosis of patients. 

In the field of gastrointestinal surgery in recent 
years, the nutritional problem of surgical patients in 
the preoperative period has aroused widespread 
concern, and nutritional status has become a key 

factor for the postoperative recovery of patients. It is 
emphasized by the European Society of Parenteral 
and Enteral Nutrition that patients with preoperative 
nutritional risks may suffer from poor prognoses (5). 
Malnutrition has a high incidence rate in patients 
with gastrointestinal malignancy, which directly 
leads to poor postoperative incision healing, 
pulmonary infection, and other complications; 
therefore, the length of hospital stay will be 
prolonged, and the treatment expenses will be 
increased. A nutritional crisis is also an important 
adverse factor for the long-term prognosis of CRC 
patients. Nutrition Risk Screening 2002 (NRS2002) is 
a widely-used screening method for nutritional risks 
around the world. However, NRS2002 has 
complicated scoring procedures and requires much 
time and effort; moreover, it is susceptible to the 
subjective factors of patients, greatly limiting its 
popularization (6). 

Micro ribonucleic acids (miRNAs) are a class of 
non-coding RNAs of relatively small molecular 
weights, with about 20-25 nucleotides in molecular 
size (7). A study has shown that a large number of 
miRNAs are dysregulated in tumors and widely 
involved in many biological processes of tumor cells 
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(8). MiR-149, a new miRNA discovered recently, is 
located in intron 1 of Glypican-1 at chromosome 
2q37.3. In breast cancer, gastric cancer, and non-
small cell lung cancer, miR-149 can serve as a tumor 
suppressor miRNA in epigenetic silencing and play a 
role as a cancer suppressor gene (7,9). There is a 
study showing that miR-149 can inhibit the 
proliferation of CRC cells, thereby inhibiting the 
occurrence and development of CRC (10).  

 

2. Objectives 

Currently, there are few studies on whether 
preoperative miR-149 is accurate in screening 
nutritional risks of CRC patients in China and on the 
optimal value of diagnosis. In the present study, with 
NRS2002 as the golden standard for the diagnosis of 
nutritional risks of CRC patients, the significance of 
miR-149 in the screening of nutritional risks of 
patients with CRC was explored, and the associations 
of miR-149 with clinicopathological characteristics 
and postoperative complications of patients with CRC 
were retrospectively analyzed.  

 

3. Methods 

3.1. General data 
The clinical data of 400 patients diagnosed with 

CRC via postoperative pathology and undergoing 
operative treatment were collected in this study. The 
inclusion criteria were: (1) patients treated with the 
elective radical operation of CRC, (2) those diagnosed 
with CRC via postoperative histopathology, (3) those 
who could generally communicate, (4) those with 
complete clinical data, (5) those without other factors 
causing malnutrition or severe infectious diseases, 
and (6) those without receiving operative treatment 
or chemoradiotherapy of CRC before admission. On 
the other hand, (1) patients with multi-source 
malignant tumors, (2) those who had undergone 
radiotherapy, chemotherapy, or other treatments of 
CRC before this operation, (3) those undergoing 
emergency operation, (4) those with distant 
metastasis according to preoperative examination, 
(5) preoperative deaths, (6) those with incomplete 
clinical data, or (7) those with other factors causing 
malnutrition or severe infectious diseases were 
excluded from the study. During the same period, 200 
healthy people were selected from the physical 
examination center as the healthy control group. The 
study protocol was approved by the Ethics 
Committee of the First Affiliated Hospital, Jinan 
University (017-SD-30-ME-NO.102), Guangzhou, 
China. Signed written informed consents were 
obtained from all participants before the study. 

 
3.2. NRS2002 screening 

The nutritional screening was performed for all 
patients by specially-trained investigators 24 h after 

hospitalization, and the results were assessed using a 
standard unified questionnaire. The scoring criteria 
for nutritional status included 0 (normal nutritional 
status), 1 (weight loss >5% within 3 months or 
decline in food intake by 25.50% one week before 
hospitalization), 2 (weight loss >5% within 2 
months/decline in food intake by 50%-75% one 
week before hospitalization, or body mass 
index[BMI] <18.5-20.5 kg/m2), and 3 (weight loss 
>5% within 1 month/decline in food intake by 75%-
100% one week before hospitalization, or BMI <18.5 
kg/m2). In addition, the score of disease severity was 
2 for preoperative patients with CRC, and the score of 
age ≥70 years old was 1. The total score is the sum of 
the scores of nutritional status, disease severity, and 
age. The total score of ≥3 indicates nutritional risks, 
while the score of <3 indicates no nutritional risks 
(11). In addition to the questionnaire survey, fasting 
venous blood was drawn from patients enrolled the 
next morning after admission, and serum albumin 
(ALB) was detected to assess the objective nutritional 
index. 

  
3.3. Quantitative reverse transcription-polymerase 
chain reaction  

The total RNA was extracted from tissues using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and 
the isolated RNA was quantified using NanoDrop 
2000 (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Following that, RNA was reversely transcribed 
into DNA using PrimeScript™ RT Master Mix (TaKaRa 
Bio., Inc., Tokyo, Japan), and qPCR was performed 
using TBGreen® Premix Ex Taq™ II (TaKaRa Bio., Inc., 
Tokyo, Japan) on CFX-96 quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) 
system (Bio-Rad Technologies, Inc., Hercules, CA, 
USA). The thermal cycling conditions are as follows: 
initial denaturation at 95°C for 30 sec, (95°C for 5 sec 
and 60°C for 30 sec) ×40 cycles, with U6 as an 
internal reference. The primer sequences are as 
follows: miR-149 F: 5'-GGCTCTGGCTCCGTGTCTT-3', 
R: 5'-CAGTGCAGGGTCCGAGGTATT-3'. U6 F: 5'-
CTCGCTTCGGCAGCACA-3', R: 5'-AACGCTTCACGAA 
TTTGCGT-3'. The relative expression level of miR-149 
was calculated by the 2-ΔΔCq method. 

  
3.4. Statistical analysis 

Statistical Product and Service Solutions (SPSS 
software; version 22.0; IBM, Armonk, NY, USA) was 
used for data analysis. Measurement data were 
expressed as mean±SD, and a t-test was used for 
comparison. Enumeration data were tested by χ2 test. 
The receiver operating characteristic (ROC) curve 
was plotted, and the area under the curve (AUC), 
sensitivity, and specificity were calculated. The 
consistency of miR-149 and NRS2002 in evaluating 
the nutritional risk of CRC patients was detected 
using the Kappa test. A p-value less than 0.05 was 
considered statistically significant. 
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4. Results 

4.1. Serum miR-149 was lowly expressed in CRC patients  
The results of qRT-PCR showed that the 

expression of serum miR-149 significantly declined in 
400 CRC patients, compared to that in 200 healthy 
controls (Figure 1). It can be observed that serum 
miR-149 is lowly expressed in CRC patients, and miR-
149 can play a role as a cancer suppressor gene in the 
occurrence and development of CRC. 
 
4.2. Associations between miR-149 expression and 
clinicopathological characteristics of patients 

To explore whether miR-149 has statistical 
 

 
Figure 1. Serum miR-149 was lowly expressed in CRC patients. 
The results of qRT-PCR showed that the expression of serum 
miR-149 significantly declined in CRC patients, compared to 
that in healthy controls (P<0.05). 

 

differences in terms of the clinicopathological 
characteristics of CRC patients, the patients were 
grouped based on the median expression of miR-149. 
It was found that miR-149 was not related to the 
nutritional risk, gender, age, tumor site, tumor 
infiltration depth, and presence or absence of distant 
metastasis (P>0.05); however, it showed a 
statistically significant difference among patients 
with different tumor sizes and TNM stages (P<0.05). 
In the low miR-149 group, the proportion of patients 
with a tumor diameter >4 cm was obviously higher 
than that with a tumor diameter ≤4 cm, while the 
proportion of patients in TNM the stage III + IV was 
obviously higher than that in stage I + II (Table 1). 
These results indicate that the expression level of 
miR-149 can affect the tumor diameter and TNM 
stage of CRC patients. 
 
4.3. Sensitivity and specificity of miR-149 in nutritional 
risk assessment 

ALB is the most important protein in human 
plasma, which is able to keep the nutrition and osmotic 
pressure of the body and reflect the nutritional status 
of patients to a certain extent. In this study, the ALB 
level was detected for objective verification. The 
results revealed that the level of serum ALB was <35 
g/L in patients with an NRS2002 score of ≥3, while it 
was ≥35 g/L in patients with an NRS2002 score of <3. 
Among the 400 subjects, the NRS2002 score was <3 
(without nutritional risks) in 271 cases, and ≥3 (with 
nutritional risks) in 129 cases. 

 

Table 1. Analysis of correlation between miR-149 expression and clinical pathological characteristics of patients 

Variable n 
Low level 
(n=200) 

High level 
(n=200) 

χ2 P 

Gender      

Male 206 112 94 3.243 0.089 

Female 194 88 106   

Age      

<60 159 83 76 0.511 0.54 

≥60 241 117 124   

Tumor site      

Colon 224 111 113 0.041 0.92 

Rectum 176 89 87   

Tumor diameter      

≤4 cm 186 70 116 21.264 <0.001 

>4 cm 214 130 84   

TNM staging      

I +II 185 77 108 9.664 0.003 

III +IV 215 123 92   

Depth of infiltration      

T1+T2 169 89 80 0.83 0.418 

T3+T4 231 111 120   

Lymphatic metastasis      

No 206 101 105 0.16 0.764 

Yes 194 99 95   

Distant metastasis      

No 167 79 88 0.833 0.417 

Yes 233 121 112   
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Figure 2. Sensitivity and specificity of miR-149 in nutritional 
risk assessment. The AUC was 0.8122 (95% CI: 0.7597-0.8648) 
(P<0.001). The sensitivity and specificity of miR-149 in the 
diagnosis of nutritional risks are 76.74% and 84.50%, 
respectively, when its cut-off point was 3.095. 

 
To further explore the sensitivity and specificity 

of miR-149 in assessing nutritional risks, the ROC 
curve was plotted with miR-149 as the test variable. 
The results manifested that the AUC was 0.8122 
(95% CI: 0.7597-0.8648) (P<0.001). The sensitivity 

and specificity of miR-149 in the diagnosis of 
nutritional risks were 76.74% and 84.50%, 
respectively, when its cut-off point was 3.095 
(Figure 2). The results suggest that miR-149 is a 
potential biomarker for assessing the nutritional risk 
of CRC patients. 
 
4.4. Analysis of the consistency of miR-149 and 
NRS2002 in the diagnosis of nutritional risk of CRC 
patients 

According to the ROC curve of miR-149 in 
evaluating the nutritional risk of CRC patients, the 
optimal cut-off point of miR-149 was 3.095, based on 
which the patients were divided into a high miR-149 
group (n=287, miR-149 ≥3.095) and low miR-149 
group (n=113, miR-149 <3.095). The consistency of 
miR-149 and NRS2002 in the diagnosis of nutritional 
risk of CRC patients was analyzed. The results 
manifested that the Kappa value was 0.622 with miR-
149=3.095 as the critical value (P<0.001) (Table 2). To 
sum up, miR-149 is in good consistency with NRS2002. 

 
Table 2. Analysis of the consistency of miR-149 and NRS2002 in evaluating the risk of colorectal cancer 

NRS2002 Score 
Cut-off value of miR-149 

<3.095 (n=287) ≥3.095 (n=113) 
<3 (n=271) 247 24 
≥3 (n=129) 40 89 
Kappa 0.622 
P <0.001 

 
Table 3. Relationship between miR-149 and postoperative complications 

Variable n 
Low level 
(n=287) 

High level 
(n=113) 

χ2 P 

Anastomotic bleeding 22 18 4 1.164 0.339 
Anastomotic fistula 35 27 8 0.55 0.558 
Intestinal obstruction 15 12 3 0.523 0.572 
Lung infection 19 17 2 3.091 0.115 
None 309 213 96 5.321 0.024 

 
4.5. Association between miR-149 and postoperative 
complications 

To further clarify whether the preoperative 
expression of serum miR-149 can predict the 
occurrence of postoperative complications, 400 
patients undergoing CRC surgery were followed up 
and observed. It was found that postoperative 
complications occurred in 91 patients. 

The total incidence rate of complications 
(anastomotic bleeding [n=22], anastomotic fistula 
[n=35], intestinal obstruction [n=15], and pulmonary 
infection [n=19]) was 22.75%. With miR-149=3.095 
as the cut-off value, whether there is a correlation 
between the preoperative miR-149 level and 
postoperative complications was analyzed. The 
results showed that 17 (15.04%) cases had 
postoperative complications in a high miR-149 group, 
and 74 (25.78%) cases had postoperative 
complications in a low miR-149 group. According to 
the statistical analysis, the association between miR-
149 expression and the incidence rate of 

postoperative complications was statistically 
significant (P<0.05) (Table 3).  

The above findings indicate that the high 
expression of miR-149 can lower the incidence of 
postoperative complications. 
 

5. Discussion 

MiRNAs play regulatory roles in a variety of 
biological processes, including cell differentiation, 
proliferation, migration, invasion, apoptosis, and cell 
cycle progression. Moreover, they can regulate gene 
expression and various cellular mechanisms at the 
post-transcriptional level and serve as important 
factors for carcinogenesis (12). Studies have 
demonstrated that miRNAs can be quickly detected 
non-invasively, and they are extremely stable under 
various conditions in the laboratory. Link et al. (13) 
found via RT-PCR and microarray analysis that the 
expressions of miR-21 and miR-106a are significantly 
up-regulated in the feces of CRC patients. Wu et al. 
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(14) detected miR-21a and miR-92a in tissues and 
feces of the CRC patients and normal controls using 
qRT-PCR and found that the CRC patients have 
increased expressions of miR-21 and miR-92a in 
tissues and feces. The expression of miR-92a can help 
distinguish patients with CRC or adenoma and 
healthy controls or even patients with low-risk 
polyps. Moreover, miRNAs can be used as a new 
prognostic biomarker. Lv et al. (15) studied and 
found that high expression of miR-155 before the 
operation is closely associated with late stage and 
metastasis, while its high expression after the 
operation is associated with recurrence and 
metastasis, suggesting that miR-155 can serve as a 
prognostic marker for tumor-free survival. 

MiR-149 is a kind of non-coding RNA widely 
concerned in recent years, with 23 nt in length, which 
can inhibit the translation of target mRNA by binding 
to its 3'UTR and exerting a post-transcriptional 
regulatory effect. There is increasing evidence that 
miR-149, as a proto-oncogene or a cancer suppressor 
gene, is involved in regulating the occurrence and 
development of breast cancer, gastric cancer, liver 
cancer, and lung cancer; moreover, its abnormal 
expression enhances the malignant biological 
behaviors of tumor cells, such as proliferation, 
invasion, and migration (16-18). Xu et al. (19) proved 
in CRC HCT116, LoVo, and SW480 cell lines that 
overexpression of miR-149 leads to the decline in 
CRC cell invasion and migration, thereby suppressing 
the malignant biological behaviors of CRC cells. These 
conclusions are similar to the results in this study 
that the expression of serum miR-149 evidently 
declined in CRC patients, and it could affect the tumor 
size and TNM stage of patients. 

A large number of research reports have shown 
that patients with malignant tumors often suffer from 
a nutritional crisis. The nutritional status of patients 
is closely related to tumor progression and poor 
clinical prognosis. Active preoperative nutritional 
intervention can reduce nutritional risks and poor 
prognosis (20,21). A multi-country multi-center 
clinical trial confirmed that the NRS2002 score has a 
close correlation with the length of hospital stay, 
complications, and death rate of patients undergoing 
gastrointestinal surgery (22). Schwegler et al. (23) 
reported that the NRS2002 score can be used to 
predict the incidence rate of postoperative 
complications, and even exhibits a positive trend in 
predicting postoperative mortality. There is also a 
study showing that the application of NRS2002 in the 
screening of nutritional risk of CRC patients can 
provide a reasonable and effective basis for clinical 
nutritional support (24). In this study, the NRS2002 
score was given to all patients. In nutritional risk 
screening with miR-149, the AUC was 0.8122, and the 
sensitivity and specificity of miR-149 in the diagnosis 
of nutritional risks were 76.74% and 84.50%, 
respectively, when its cut-off point was 3.095. It can 

be observed that miR-149 has high accuracy in the 
preoperative nutritional screening of CRC patients. 
The patients were divided into two groups based on 
the preoperative miR-149 level. In the Kappa test, the 
Kappa value was 0.622 with miR-149=3.095 as the 
cut-off value (P<0.001). It was confirmed that miR-
149 is in good consistency with NRS2002, and can be 
used to assess the nutritional risks of CRC patients. In 
addition, the incidence rate of postoperative 
complications was lower in patients with miR-149 
≥3.095 than that in patients with miR-149 <3.095, 
which had a statistical significance. The novelty of 
this study was that it was the first time to explore the 
role of preoperative miR-149 in the nutritional 
screening of patients with CRC and also investigate its 
associations with clinicopathological characteristics 
and postoperative complications. However, 
limitations still existed in our present study. The 
sample was not big enough to support our final 
conclusions with very strong evidence. In our future 
study, it will be planned to enlarge the sample to 
employ more eligible patients to obtain more 
powerful data to support our findings. Furthermore, 
some molecular experiments will be conducted to 
explore the potential mechanism in which miR-149 
works in this process.  

Many patients with CRC have a nutritional crisis; 
therefore, preoperative nutritional risk assessment 
and nutritional intervention for patients with 
malnutrition are extremely important in colorectal 
surgery, which can enable more CRC patients to 
receive better treatment and raise the survival rate of 
patients with a low miR-149 expression. 

 

6. Conclusion 

Serum miR-149 is lowly expressed in CRC 
patients. Moreover, MiR-149 is in good consistency 
with NRS2002 in nutritional risk assessment of CRC 
and is also associated with postoperative 
complications of CRC patients. MiR-149 is expected to 
become a new marker for CRC. 
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