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ABSTRACT. microRNA-218 (miR-218) is a vertebrate-specific miRNA 
that plays a crucial role in tumorigenesis and tumor progression. This 
study analyzed the miR-218 expression level and clinical significance in 
pancreatic cancer. One hundred and seven pairs of pancreatic cancer 
and adjacent normal tissues were analyzed by quantitative reverse-
transcriptase polymerase chain reaction. The correlation between miR-
218 expression and clinicopathological characters was determined by the 
two-sample Student t-test. The survival correlations were analyzed by the 
Kaplan-Meier method and Cox proportional hazards model. The relative 
expression of miR-218 in pancreatic cancer tissues (2.63 ± 1.59) was 
significantly lower than that in matched noncancerous pancreatic tissues 
(6.52 ± 2.50, P < 0.001). The low expression of miR-218 in the pancreatic 
cancer tissues were strongly correlated with the TNM classification (P = 
0.02), distant metastasis (P = 0.001), and tumor differentiation (P = 0.003). 
The low level of miR-218 expression was significantly correlated with the 
shorter overall survival time of pancreatic cancer patients (5-year overall 
survival rate: 7.5 vs 34.9%; log-rank test: P < 0.001). Multivariate analyses 
confirmed that a low level of miR-218 expression was an independent 
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predictor of poor prognosis in pancreatic cancer patients (Hazard ratio: 7.24; 
95% confidence interval: 2.01-18.28; P = 0.007). Our findings suggested 
a significant downregulation in the expression of miR-218; this might have 
considerable potential value in the prognosis for pancreatic cancer.
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INTRODUCTION

Pancreatic cancer is a lethal malignancy (Siegel et al., 2013) that is responsible for an 
estimated 227,000 deaths per year worldwide; it is also the fourth leading cause of cancer-related 
deaths in the USA (Raimondi et al., 2009). Only 10-20% of the diagnosed pancreatic cancer is 
resectable, and its 5-year survival rate is only 5%; this can be attributed to its high recurrence rate, 
despite the multimodality treatment (Hidalgo, 2010; Vincent et al., 2011).

Mature micro-RNA (miRNA) are small (20~21 nucleotides in length) endogenous non-
coding RNA that regulate the expression of target genes at the post-transcriptional level through 
the degradation of transcripts and inhibition of translation, by binding to the 3'-untranslated 
region (UTR) of target messenger RNA (mRNA) (Bartel, 2004). miRNA have been shown to be 
involved in various critically important physiological processes, such as cell proliferation, division, 
differentiation, and apoptosis, tumorigenesis, hematopoiesis, and patterning of the nervous system 
(Ambros, 2004). miRNA signatures have been associated with the diagnosis, staging, progression, 
and prognosis of human cancer, and its response to treatment (Esquela-Kerscher and Slack, 2006).

microRNA-218 (miR-218) is a vertebrate-specific miRNA that has been predicted and 
experimentally confirmed to play a crucial role in tumorigenesis and tumor progression by regulating 
the expression of potential targets (Hassan et al., 2012). Recent studies have indicated that miR-
218 is down-regulated in various types of cancer, including cervical cancer, gastric cancer, lung 
cancer, colon cancer, prostate cancer, and bladder cancer (Davidson et al., 2010; Song et al., 
2010; Tie et al., 2010; Uesugi et al., 2011; Leite et al., 2011; Li et al., 2012a,b; Chiyomaru et al., 
2012; He et al., 2012). However, the level of expression of miR-218 and its clinical significance 
in pancreatic cancer has not been investigated. This study compares the level of expression of 
miR-218 between pancreatic cancer cells and normal adjacent pancreatic tissues, in addition to 
investigating its clinical significance and prognostic value.

MATERIAL AND METHODS

Patients and tumor tissue samples

This study was approved by the Ethics Committee on Human Research of the Third Xiangya 
Hospital of Central South University. Informed consent was obtained from all of the recruited patients. 
One hundred and seven human pancreatic cancer tissues and matched normal adjacent pancreatic 
tissues were surgically obtained from the recruited patients; the surgeries were performed at the 
Department of Gastrointestinal and Pancreatic Surgery of the Third Xiangya Hospital of Central 
South University between March 2008 and January 2013. The diagnosis was based on pathological 
evidence; the specimens were immediately snap-frozen and stored at -80°C for future miR-218 
extraction. None of the patients received chemotherapy or radiotherapy prior to the surgical excision. 
The clinicopathological characteristics of the pancreatic cancer patients are summarized in Table 1.
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Quantitative real-time polymerase chain reaction (PCR)

Total RNA was extracted from the pancreatic cancer tissues and matched normal adjacent 
pancreatic tissues, by homogenization of the tissues with TRIzol reagent (Invitrogen, Carlsbad, 
California, USA) according to the manufacturer protocols. Primers for miR-218 and the endogenous 
control U6 snRNA were obtained from Applied Biosystems (Foster City, CA, USA). The concentration 
and purity of RNA was determined spectrophotometrically using NanoDrop ND-1000 (NanoDrop 
Technologies, Wilmington, DE, USA). cDNA was generated using the PrimeScript RT reagent kit 
(TaKaRa Bio Inc., Dalian, China) in a 20 µL reaction mixture (final volume), containing 0.5 µg RNA, 
0.5 µL Prime-Script RT enzyme mix, 4 µL 5X PrimeScript buffer, and 1 µL RT primer; cDNA was 
generated by incubating this reaction mixture at 42°C for 60 min and 85°C for 5 min. The miR-218 
expression was evaluated by quantitative real-time PCR using SYBR Premix Ex Taq (Takara Bio 
Inc), and measured in a LightCycler 480 system (Roche Diagnostics, Basel, Switzerland). The 
reaction conditions were set as follows: denaturation at 95°C for 10 min, followed by 45 cycles of 
denaturation at 95°C for 15 s, annealing at 60°C for 30 s, and extension at 72°C for 1 min. The 
miRNA expression was relatively quantified by 2-△△CT method. All raw data was presented as the 
relative quantity of target miRNA, normalized against the U6 snRNA, and relative to a calibrator 
sample.

Statistical analysis

The expression level of miR-218 was compared between pancreatic cancer tissues and 
matched normal adjacent pancreatic tissues using the two-sample Student t-test. The relationship 
between miR-218 expression and the clinicopathological parameters was evaluated by the χ2 test. 
The survival rates for miR-218 expression were estimated using the Kaplan-Meier method, and 
the difference in survival curves were calculated using the log-rank test. The survival data was 
evaluated using a multivariate Cox regression analysis. All statistical analyses were performed on 
an SPSS v.17.0 software platform for Windows (SPSS Inc., Chicago, IL, USA). P values < 0.05 
were considered to indicate statistical significance.

RESULTS

Comparison of miR-218 expression levels between pancreatic cancer tissues and 
matched normal adjacent pancreatic tissues

miR-218 was detected in all 107 pairs of pancreatic cancer and matched non-cancerous 
pancreatic tissue samples by qRT-PCR. The relative expression of miR-218 in pancreatic cancer 
tissues (2.63 ± 1.59) was significantly lower than that in matched noncancerous pancreatic tissues 
(6.52 ± 2.50, P < 0.001; Figure 1). The 107 pancreatic cancer patients were divided into a low 
expression group (N = 54) and a high expression group (N = 53), based on the median expression 
level of miR-218.

Correlation between the level of miR-218 expression and clinicopathological factors

The association between miR-218 expression and the clinicopathological variables in 
pancreatic cancer patients are summarized in Table 1. The low expression of miR-218 in the 
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pancreatic cancer tissues was strongly correlated with the TNM classification (P = 0.02), distant 
metastasis (P = 0.001), and tumor differentiation (P = 0.003). However, the level of miR-218 
expression in pancreatic cancer tissues was not associated with the age, gender, location, tumor 
size, and lymphatic invasion (P > 0.05).

Figure 1. Expression level of the miR-218 in pancreatic cancer tissues and matched noncancerous pancreatic tissues.

Table 1. Relationship between miR-218 and clinicopathological characteristics in 107 patients with pancreatic 
cancer.

Parameters		                                                    miR-218 expression

	 Number of cases	 Low	 High	 P value

Sex				  
   Male 	 68	 35	 33	 0.75
   Female 	 39	 19	 20	
Age (years)				  
   <65	 51	 23	 28	 0.27
   ≥65	 56	 31	 25	
Location				  
   Head, urinate	 79	 39	 40	 0.82
   Body, tail 	 28	 15	 13	
Tumor size (cm)				  
   <2	 36	 16	 20	 0.42
   ≥2	 71	 38	 33	
Lymphatic invasion				  
   Positive  	 58	 36	 22	 0.06
  Negative  	 49	 18	 31	
Distant metastasis				  
   Positive  	 11	 10	   1	   0.001
   Negative  	 96	 44	 52	
TNM stage				  
   I/II  	 83	 48	 35	 0.02
   III/IV  	 24	   6	 18	
Tumor differentiation				  
   High/moderate  	 39	   4	 35	   0.003
   Poor 	 68	 50	 18	
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Association between miR-218 expression and survival in pancreatic cancer patients

The overall survival curves of pancreatic cancer patients were charted using the Kaplan-
Meier method. The results revealed a significant correlation between the shorter overall survival time 
of pancreatic cancer patients and the low expression level of miR-218 (5 year overall survival rate, 
7.5 vs 34.9%; log-rank test, P < 0.001; Figure 2). Multivariate analysis using the Cox proportional 
hazards model confirmed low miR-218 expression level to be an independent predictor of poor 
prognosis in pancreatic cancer patients (Hazard ratio, 7.24; 95% confidence interval (CI), 2.01-
18.28; P = 0.007; Table 2 ).

Figure 2. Kaplan-Meier survival analysis by miR-218 expression. Low expression level of miR-218 was significantly 
correlated with the shorter overall survival time of pancreatic cancer patients (5 year overall survival rate: 7.5 vs 34.9%; 
log-rank test: P < 0.001).

Table 2. Multivariate Cox hazards model analysis for prognostic factors.

Variable	 Subset	 Hazard ratio  	 95%CI	 P value

Sex	 Male vs female	 1.49	 0.82-1.14	 0.43
Age (years)	 ≥65 vs <65	 0.87	 0.59-3.88	 0.31
Location	 Head, urinate vs body, tail	 1.52	 0.61-1.91	 0.56
Tumor Size (cm)	 ≥2 vs <2	 1.87	 0.78-6.46	 0.11
Lymphatic invasion	 Positive vs negative	 2.67	 0.86-9.74	 0.09
Distant metastasis	 Positive vs negative	 4.76	   3.35-19.56	   0.001
TNM stage	 I/II vs III/IV  	 2.99	   1.49-16.82	 0.02
Tumor differentiation	 Well-moderate vs poor	 2.97	 0.97-7.45	 0.06
miR-218 expression	 High vs low	 7.24	   2.01-18.28	   0.007

DISCUSSION

Pancreatic carcinogenesis is a multi-step process involving multiple genetic and 
epigenetic alterations. Although many therapeutic strategies have been applied to treat this 
disease, the survival rate of advanced pancreatic cancer has remained unchanged over the past 
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few decades. Accurate prediction of the prognosis of each individual pancreatic cancer patient is 
of great importance, and molecular biomarkers functioning as prognostic factors could be useful 
in determining an individualized treatment plan for each pancreatic cancer patient (Hurwitz et al., 
1992). However, the biomarkers that are currently in use are not satisfactory; therefore, there is a 
need for the identification and development of additional markers to fine-tune this process (Winter 
et al., 2013). miRNA, which function as key post-transcription regulators, are involved in a wide 
variety of biological processes, including cell growth, development, proliferation, differentiation, and 
death (Esquela-Kerscher and Slack, 2006). The differential expression of miRNA among normal 
and cancerous tissues, and the significant correlation between specific expression and prognosis, 
indicate miRNA to be determinants of certain clinical outcomes.

Recent studies have demonstrated that miR-218 is downregulated in various types of 
cancer, including cervical cancer, gastric cancer, lung cancer, colon cancer, prostate cancer, and 
bladder cancer (Davidson et al., 2010; Song et al., 2010; Tie et al., 2010; Leite et al., 2011; Uesugi 
et al., 2011; Li et al., 2012a; Li et al., 2012b; Chiyomaru et al., 2012; He et al., 2012). However, 
the level of miR0218 expression, and its clinical significance in pancreatic cancer, remains to be 
investigated. In this study, we observed a significantly lower relative expression of miR-218 in 
pancreatic cancer tissues compared to that in matched noncancerous pancreatic tissues. The 
low expression of miR-218 in the pancreatic cancer tissues was strongly correlated with the TNM 
classification, distant metastasis, and tumor differentiation, as well as the shorter overall survival time 
(P < 0.001) of pancreatic cancer patients. Multivariate analyses using the Cox proportional hazards 
model confirmed low miR-218 expression level to be an independent predictor of poor prognosis in 
pancreatic cancer patients (Hazard ratio, 7.24; 95%CI: 2.01-18.28; P = 0.007). Empirically, a HR > 
1.5 is considered to be a strong prognostic factor (Hayes et al., 2001). Therefore, miR-218 might 
have considerable potential as a prognosis factor for pancreatic cancer.

miR-218 functions as a tumor suppressor gene in various types of cancer, targeting multiple 
genes and regulating biological processes (Song et al., 2010; Tie et al., 2010; Uesugi et al., 2011; 
He et al., 2012; Li et al., 2012b; Yamamoto et al., 2013). Overexpression of miR-218 is known to 
inhibit cancer cell proliferation, invasion, and metastasis, and promote cancer cell apoptosis. Li et 
al. (2012b) reported that the overexpression of miR-218 reduced human cervical cancer HeLa cell 
proliferation, and induced cell apoptosis through the AKT-mTOR signaling pathway. In addition, 
forced miR0218 overexpression was observed to suppress tumor growth in a HeLa cell orthotopic 
mouse model. In addition, miR-218 effected increased chemosensitivity to cisplatin (CDDP) in 
vitro (Li et al., 2012b). Wei et al have reported that miR-218 is downregulated in melanoma cells. 
miR-218 regulates the proliferation, migration, and invasion of melanoma cell lines A375 and SK-
MEL-2 by targeting CIP2A and BMI1, indicating the pivotal role played by miR-218 in melanoma 
development (Wei et al., 2014). A previous study conducted by Nishikawa et al. (2014) revealed a 
significant inhibition of cancer cell migration and invasion upon restoration of miR-218 in prostate 
cancer cell lines (PC3 and DU145). Gene expression data and in silico analyses identified LIM 
and SH3 protein 1 (LASP1) as a potential target for miR-218 regulation. LASP1 is a cytoskeletal 
scaffold protein that plays a critical role in cytoskeletal organization and cell migration. In addition, 
luciferase reporter assays revealed that LASP1 expression was directly regulated by miR-218. 
Moreover, down-regulation of the LASP1 gene significantly inhibited cell migration and invasion in 
cancer cells, and LASP1 expression was upregulated in cancer tissues. They concluded that the 
loss of tumor-suppressive miR-218 enhanced cancer cell migration and invasion in PC3, through 
direct regulation of LASP1 (Nishikawa et al., 2014). However, miR-218-regulated cancer pathways 
and target genes involved in pancreatic cancer development and metastasis have not been 
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investigated so far. Therefore, further studies are required to clarify its role in pancreatic cancer.
In conclusion, lower expression levels of miR-218 were observed in pancreatic cancer 

tissues, compared to matched noncancerous pancreatic tissues; the low miR-218 expression level 
was significantly correlated with shorter overall survival time of pancreatic cancer patients. miR-
218 could, therefore, be a useful prognostic biomarker for pancreatic cancer.
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