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Abstract
Background This study aims to explore novel microRNAs in urine for screening and predicting clinical characteristics 
in pancreatic cancer (PC) patients using a microRNA array-based approach.

Methods We used the Toray® 3D-Gene microRNA array-based approach to compare urinary levels between PC 
patients and healthy volunteers.

Results (1) Four oncogenic microRNAs (miR-744-5p, miR-572, miR-210-3p, and miR-575) that were highly 
upregulated in the urine of PC patients compared to healthy individuals were identified by comprehensive microRNA 
array analysis. (2) Test-scale analysis by quantitative RT-PCR for each group of 20 cases showed that miR-210-3p was 
significantly upregulated in the urine of PC patients compared to healthy individuals (P = 0.009). (3) Validation analysis 
(58 PC patients and 35 healthy individuals) confirmed that miR-210-3p was significantly upregulated in the urine of 
PC patients compared to healthy individuals (P < 0.001, area under the receiver operating characteristic curve = 0.79, 
sensitivity: 0.828, specificity: 0.743). We differentiated PC patients into invasive ductal carcinoma (IDCa) and intraductal 
papillary mucinous carcinoma (IPMC) groups. In addition to urinary miR-210-3p levels being upregulated in IDCa 
over healthy individuals (P = 0.009), urinary miR-210-3p levels were also elevated in IPMC over healthy individuals 
(P = 0.0018). Urinary miR-210-3p can differentiate IPMC from healthy individuals by a cutoff of 8.02 with an AUC value 
of 0.762, sensitivity of 94%, and specificity of 63%. (4) To test whether urinary miR210-3p levels reflected plasma 
miR-210-3p levels, we examined the correlation between urinary and plasma levels. Spearman’s correlation analysis 
showed a moderate positive correlation (ρ = 0.64, P = 0.005) between miR-210-3p expression in plasma and urine.

Conclusions Urinary miR-210-3p is a promising, non-invasive diagnostic biomarker of PC, including IPMC.

Trial registration Not applicable.
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Background
Pancreatic cancer (PC) is a highly lethal malignancy 
and the seventh leading cause of death worldwide [1]. 
Although surgical resection is essential to achieve a 
cure, patients without evidence of locally advanced or 
metastatic disease account for only 15–20% of all PC 
patients [2]. This is because PC is asymptomatic, locally 
invasive, or metastasizes to distant organs early in the 
clinical course [3–5]. Recent improvements in surgi-
cal techniques and perioperative management have 
improved the prognosis of resected PC, with a reported 
median survival time (MST) of 36.72 months in the com-
bined preoperative and postoperative adjuvant therapy 
group [6]. However, the prognosis of unresectable and 
metastatic PC is still very poor, with an MST of 11.1 
months reported for a group of patients treated with 
FOLFIRINOX, despite the significant improvement com-
pared to 6.8 months in the control, gemcitabine group 
[7]. Therefore, PC clearly requires early detection, and 
curative resection can improve the prognosis.

Due to the potential to improve patient survival in cases 
of this fatal disease, numerous studies have attempted to 
identify the clinical biomarkers associated with PC [8, 
9]. However, limited molecules have been validated as 
diagnostic and prognostic biomarkers of PC in clinical 
settings. Currently, serum tumor markers such as carci-
noembryonic antigen and carbohydrate antigen 19 − 9 
(CA19-9) have been employed to diagnose and monitor 
the tumor dynamics of PC [10]. Nevertheless, despite 
their convenience, these markers exhibit insufficient 
sensitivity and specificity for early detection and screen-
ing. Therefore, it is imperative to devise novel molecular 
biomarkers utilizing less invasive techniques, which will 
permit clinicians to detect PC at an early stage, monitor 
tumor dynamics, and predict prognosis.

MicroRNAs (miRNAs) are small non-coding RNAs 
that regulate the translation of specific protein-coding 
genes. Since their discovery in 1993 [11], miRNAs have 
been the subject of intensive research in the cancer 
field. Altered expression of miRNAs is associated with 
several diseases and contributes to the development of 
various cancers [12–15]. In recent years, several stud-
ies have demonstrated that miRNAs are detectable in 
plasma/serum in a remarkably stable form [13, 16–19]. 
Numerous studies, including our own, have reported 
the utility of circulating miRNAs in blood as novel bio-
markers for various cancers, including PC [20–22]. In 
PC research, liquid biopsy biomarker development using 
cell-free nucleic acids in body fluids has been attempted, 
with studies reporting on nucleic acids in duodenal and 

pancreatic juice [23] in addition to blood. However, there 
are currently no liquid biopsy biomarkers in clinical use.

Urine collection is considered the ultimate non-inva-
sive test compared to blood collection. The study for 
biomarkers using urinary miRNAs has been conducted 
in urological cancers such as prostate and bladder can-
cer, and their usefulness has been recognized [24, 25]. 
Recently, the usefulness of urinary microRNA as a bio-
marker has also been reported for solid tumors other 
than urological cancers [26, 27]. However, reports on the 
usefulness of urinary miRNA as a biomarker of PC are 
limited. In this study, we explored the usefulness of uri-
nary miRNA as a biomarker of PC in urine, which is the 
non-invasive collection method.

Methods
Patients and samples
The study was approved by the Institutional Review 
Board of Kyoto Prefectural University of Medicine, 
and each individual provided signed informed con-
sent. Between January 2010 and April 2013, a total of 
58 urine samples from PC patients and 41 samples 
from healthy volunteers were collected. The large-scale 
analysis includes the samples that were subjects in the 
small-scale analysis. These healthy volunteers included 
medical personnel and patients with benign disease, 
such as cholecystolithiasis and inguinal hernia. Detailed 
clinical information on healthy volunteers is shown in 
Supplementary Table S1. These patients underwent med-
ical examinations, including computed tomography and 
endoscopy, and were proven not to have any pancreatic 
or cancerous diseases. Tumor stage was assessed accord-
ing to the Union for International Cancer Control clas-
sification [28].

A urine sample and peripheral blood were obtained 
from each patient before surgery and from the healthy 
volunteers. The samples were transferred into sodium 
heparin tubes (BD Vacutainer, Franklin Lakes, NJ). 
The urine was immediately subjected to the spin pro-
tocol (1500  rpm for 30  min) and the peripheral blood 
was subjected to the three-spin protocol (1500  rpm for 
30 min, 3000 rpm for 5 min, and 4500 rpm for 5 min) to 
prevent contamination by cellular nucleic acids. These 
samples were collected and stored at -80 °C until further 
processing.

The resected specimens were fixed in formalin and 
embedded in paraffin for pathological diagnosis. His-
tological evaluation was performed for tissues adjacent 
to specimens, according to the criteria of the World 
Health Organization. In all cases, two pathologists agreed 
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with the pathological observations and confirmed the 
diagnosis.

RNA extraction
Total RNA was extracted from 400 µl of urine and plasma 
using the mirVana PARIS Kit (Ambion, Austin, TX) 
and finally eluted into 100  µl of preheated (95  °C) elu-
tion solution according to the manufacturer’s protocol. 
A volume of 400 µl of plasma was used as the common 
denominator in each microarray analysis because the 
plasma miRNA analyses had no definite internal control, 
as shown in our previous studies [29–36].

miRNA microarray analysis
Microarray analyses of urine samples were performed 
using the 3D-Gene miRNA microarray platform (Toray 
Industries, Kamakura, Japan) [32, 34, 37, 38]. The results 
were compared between three different PC patients and 
three healthy volunteers. Each 100 µl urine sample from 
three PC patients, who underwent curative surgery, was 
equally mixed, and the total 300 µl of urine sample was 
used as the sample from PC patients. Similarly, each 
100 µl plasma sample from three healthy volunteers was 
equally mixed, and the total 300 µl of urine sample was 
used as the healthy volunteers’ sample. This method fol-
lows the microRNA microarray approach that we have 
used in our plasma miRNA studies [21, 22]. RNA extrac-
tion and microarray analysis were performed according 
to the manufacturer’s instructions described previously 
[32]. Because the amount of RNA in urine is too small, 2 
of 4 µl of RNA was extracted from the total 300 µl sam-
ples and used in the microarray experiments. This RNA 
was labeled with Hy5 using the Label IT miRNA Label-
ing Kit (Takara Bio, Otsu, Japan) and hybridized at 32 °C 
for 16 h on a 3D-Gene chip. The 3D-Gene miRNA micro-
array (Human_miRNA_17v1.0.0, Toray Industries) can 
mount > 1500 miRNAs based on the Human miRNA Ver-
sion 17 of MirBase (http://microrna.sanger.ac.uk/). The 
microarray was scanned, and the images obtained were 
enumerated using a 3D-GeneH Scanner 3000 (Toray 
Industries). The expression level of each miRNA was 
globally normalized using the background-subtracted 
signal intensity of the entire set of miRNAs in each 
microarray. The obtained microarray images were ana-
lyzed using GenePix Pro TM (Molecular Devices, Sunny-
vale, CA). The signal intensities calculated in this manner 
were compared between samples from PC patients and 
healthy volunteers. Subsequently, four microRNAs 
known for their oncogenic functions were selected as 
candidates in the order of their ratios.

Quantification of miRNA by qRT-PCR
The amounts of miRNAs were quantified by qRT-PCR 
using the human TaqMan MicroRNA Assay Kit (Applied 

Biosystems, Foster City, CA). The reverse transcrip-
tion reaction was carried out with a TaqMan MicroRNA 
Reverse Transcription Kit (Applied Biosystems) in 5  µl 
of solution containing 1.67 µl of extracted RNA, 0.05 µl 
of 100 mM dNTPs, 0.33 µl of MultiScribe Reverse Tran-
scriptase (50 Uµl− 1), 0.5 µl of 10× Reverse Transcription 
Buffer, 0.06 µl of RNase inhibitor (20 Uµl− 1), 1 µl of gene-
specific primer (hsa-miR-744-5p, Assay ID:002324; hsa-
miR-572, Assay ID:001614; hsa-miR-210-3p, Assay ID: 
000512; hsa-miR-575, Assay ID: 001617), and 1.39  µl of 
nuclease-free water. To synthesize cDNA, reaction mix-
tures were incubated at 16  °C for 30  min, at 42  °C for 
30  min, and at 85  °C for 5  min, and then were held at 
4  °C. Next, 0.67 µl of cDNA was amplified using 5 µl of 
TaqMan 2× Universal PCR Master Mix with no AmpEr-
ase UNG (Applied Biosystems), 0.5  µl of gene-specific 
primers/probe, and 3.83  µl of nuclease-free water in 
a final volume of 10 µl. Quantitative PCR was run on a 
StepOnePlus PCR system (Applied Biosystems), and 
reaction mixtures were incubated at 95 °C for 10 min, fol-
lowed by 40 cycles at 95 °C for 15 s and 60 °C for 1 min. 
Cycle threshold (Ct) values were calculated with StepOne 
Software v2.0 (Applied Biosystems).

As previously reported [16], we used an approach for 
data normalization based upon spiking the sample with 
a synthetic RNA oligonucleotide, cel-miR-39, which does 
not exist in the human genome. Caenorhabditis elegans 
cel-miR-39 was purchased as a custom-made RNA oligo-
nucleotide (Qiagen, Valencia, CA). We added cel-miR-39 
as a “spike-in” (known concentration of miRNA as an 
internal standard) to the samples before RNA extrac-
tion. The oligo used for spiking, as a mixture of 25 fmol of 
oligonucleotide in 5 µl total volume of water, was intro-
duced following the addition of 2X Denaturing Solution 
(Ambion) to the sample to avoid degradation by endog-
enous RNases. As a control for each RNA sample, cel-
miR-39 was used for TaqMan qRT-PCR assays (Applied 
Biosystems), as described earlier. We normalized the 
data across samples using the 2−ΔΔCt method relative to 
cel-miR-39. ΔCt was calculated by subtracting the Ct 
values of cel-miR-39 from those of the miRNAs of inter-
est. ΔΔCt was then calculated by subtracting the mean of 
ΔCt of the urine of healthy volunteers from the ΔCt of 
the urine of PC patients. The change in gene expression 
was calculated using the Eq. 2−ΔΔCt [39, 40].

Statistical analysis
For miRNA array-based analyses, the signal intensity 
ratio and log2 ratio of each urinary miRNA were calcu-
lated by the ratio of PC patients to healthy volunteers. 
The Mann–Whitney U-test for unpaired data from urine 
samples was performed. The Kruskal–Wallis H-test was 
also used to compare more than two groups. The Chi-
square test or Fisher’s exact probability test was used 
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to evaluate correlations between the results of urinary 
miRNA levels and clinicopathological factors. Receiver 
operating characteristic (ROC) curves and area under the 
ROC curve (AUC) were used to assess the feasibility of 
using urinary miRNA as a diagnostic tool for detecting 
PC [41]. Spearman’s correlation analysis was performed 
to evaluate the correlation between CA19-9 and urinary 
miR-210-3p, and the ρ-value was calculated as the cor-
relation coefficient. For the clinicopathologic character-
istics and prognostic analysis of PC patients, the median 
value was used as the cutoff value for urinary miRNA-
210-3p. For the analysis of survival rates, Kaplan–Meier 
survival curves were constructed for groups based on 
univariate predictors, and differences between the groups 
were analyzed with the log-rank test. All statistical anal-
yses were performed using the SPSS 24.0 software pro-
gram (IBM Corp, Armonk, NY, USA). A p-value < 0.05 
was considered statistically significant.

Results
Study design to find novel urinary miRNA biomarkers of PC
This study was designed as follows: (1) Selection of 
appropriate miRNA candidates based on a comparison 
of expression levels in urine between PC patients and 
healthy volunteers using the Toray® 3D-Gene microRNA 

array-based approach; (2) Small-scale analysis of urine 
samples using qRT-PCR to validate the utility of the 
selected miRNA candidates; (3) Large-scale analysis to 
validate the urinary level of miR-210-3p; (4) Analysis of 
the association between the urine level of miR-210-3p 
and clinicopathological characteristics and prognosis in 
PC patients; and (5) Evaluation of the correlation of miR-
210-3p levels in blood and urine (Fig. 1A).

Selection of urinary miRNA candidates using a 
comprehensive miRNA array-based approach
Using a miRNA array-based approach, we selected 
miRNA candidates for cancer detection based on a com-
parison of the urinary levels of miRNAs between PC 
patients and healthy volunteers (Fig.  1B). Of the 2565 
candidates analyzed, the expression levels of 103 urinary 
miRNAs were more than two-fold higher in PC patients 
than in healthy volunteers (Supplementary Table S2). 
In order to find more sensitive biomarkers, we focused 
on 30 miRNAs with the highest expression levels in the 
urine of PC patients (Fig.  1B). Out of the 30 miRNAs, 
we selected four miRNAs (miR-744-5p, miR-572, miR-
210-3p, and miR-575) with high ratios, taking into con-
sideration the previously reported functions of miRNAs. 
High plasma levels of these miRNAs would be highly 

Fig. 1 (a) Study design to find novel plasma miRNA biomarkers of PC. (b) Selection of plasma miRNA candidates from the comprehensive miRNA array-
based approach. Using the miRNA array-based approach to compare urinary miRNA levels between pancreatic cancer (PC) patients and healthy volun-
teers, novel miRNA candidates for cancer detection were selected. Of the top 30 upregulated miRNAs in PC, four novel candidate miRNAs, which were 
previously reported to have an oncogenic role in cancers, were selected. Of these, miR-210-3p was selected for further analysis
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suggestive of an origin from tumor necrosis, apoptosis, 
and active release of secretory vesicles such as exosomes 
from cancer cells. Therefore, these miRNAs in urine 
might reflect tumor dynamics in cancer tissues [29, 30, 
33, 34]. However, tumor suppressive miRNAs and func-
tionally unknown miRNAs were excluded from this study 
because their origin is not well known [32].

Small-scale analysis of urinary levels of four miRNAs in PC 
patients and healthy volunteers
Next, we investigated the urinary levels of the four miR-
NAs in 20 PC patients and 20 healthy volunteers by 
qRT-PCR using a preliminary small-scale analysis. As 
indicated in the results from the miRNA array-based 
approach, the expression levels of miR-210-3p were vali-
dated to be significant (P = 0.009), but no significant dif-
ferences could be identified for other miRNAs (Fig.  2). 
We, therefore, selected miR-210-3p for further analyses.

Large-scale analysis of the urinary level of mir-210-3p in PC 
patients
We then validated our observations in large-scale set-
tings. Urinary miR-210-3p was detectable in all samples 
from 58 PC patients and 41 healthy volunteers. The 
large-scale analysis includes the samples that were sub-
jects in the small-scale analysis. We observed that the 
urinary level of miR-210-3p was significantly higher in 
the PC patients than in the healthy volunteers (P < 0.001) 
(Fig.  3a). Furthermore, to detect any cut-off points that 
could differentiate cancer patients from healthy volun-
teers, we utilized the AUC with the Youden index [41] 
(Fig. 3b) and calculated the AUC as 0.7906. The optimal 
cut-off point was indicated at 8.20 in relative expression 
units using the miR-210-3p/cel-miR-39 ratio with a sen-
sitivity of 82.8% and specificity of 74.3%. Our results pro-
vide evidence that the urinary level of miR-210-3p can be 
used to distinguish PC patients from healthy volunteers 

to a clinically satisfactory degree in comparison to con-
ventional tumor markers.

Correlation between the urinary level of miR-210-3p 
and clinicopathological factors and prognosis in PC 
patients

The PC cohort consisted of 41 invasive ductal carci-
noma (IDCa) cases (71%) and 17 intraductal papillary 
mucinous carcinoma (IPMC) cases (29%). Of these, 13 
(22%) had non-curable factors and were not resected, 
whereas the remaining 45 cases (78%) were resected. Ten 
cases (17%) of pathological Tis (a carcinoma in situ) were 
included. We analyzed whether the urinary level of miR-
210-3p and clinicopathological factors were correlated in 
PC patients (Table  1). There were no significant differ-
ences in clinicopathological characteristics according to 
urinary miR-210-3p level. Comparison between the high 
and low urinary miR-210 groups showed that the con-
centration of CA19-9 tended to be slightly higher in the 
group with low urinary miR-210, but the difference was 
not significant (P = 0.07). Spearman’s correlation analysis 
also showed no significant correlation between CA19-9 
and urinary miR-210-3p (r = -0.156 P = 0.24). Although 
not significant, there was a trend toward more women 
and more IPMC in the group with higher urinary miR-
210-3p than in the group with lower miR-210-3p. There-
fore, we differentiated PC patients into IDCa and IPMC 
groups and compared the levels of urinary miR-210-3p 
to those in healthy individuals (Fig.  4a). In addition to 
urinary mi210-3p levels being upregulated in IDCa over 
healthy individuals (P = 0.009), urinary mi210-3p lev-
els were also elevated in IPMC over healthy individuals 
(P = 0.0018). Interestingly, although not significantly dif-
ferent, levels of urinary mi210-3p tended to be higher in 
IPMC than in IDCa [15 (10–92) vs. 54 (14–177), P = 0.11]. 
To evaluate the diagnostic potential of urinary miR-
210-3p for IPMC, ROC analysis was performed to distin-
guish between IDCa and intraductal papillary mucinous 

Fig. 2 Small-scale analysis comparing urinary levels of four miRNAs between PC patients and healthy volunteers. Urinary levels of the selected four miR-
NAs in 20 PC patients and 20 healthy volunteers were analyzed by qRT-PCR. The expression level of each miRNA was normalized to that of cel-miR-39, as 
described in Materials and Methods
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neoplasm (IPMN) (Fig. 4b). The results showed that uri-
nary miR-210-3p can differentiate IPMC from healthy 
individuals by a cutoff of 8.02 with an AUC value of 
0.762, sensitivity of 94%, and specificity of 63%.

We present a representative case of mixed-type IPMN 
in which urinary miR-210-3p measurement was useful in 
the diagnosis of IPMC (Fig. 5). The characteristics of this 
case were as follows: No mural nodules to be contrast 
enhanced; diagnosed by main pancreatic duct dilatation 
of more than 10 mm as high-risk stigmata. CEA was 1.5 
and CA19-9 was 2.0, and no elevation of tumor mark-
ers was observed. Preoperative pancreatic fluid cytology 
showed class III, and pancreatic ductal brush cytology 
showed class IV by endoscopic retrograde cholangiopan-
creatography (ERCP). There was a strong suspicion of 
malignancy, but a definitive diagnosis of cancer was not 
obtained. The patient’s preoperative urinary miR-210-3p 
value was 126, well above the cutoff. Pancreaticoduode-
nectomy was performed and pathology diagnosed Tis 
lesion of IPMC.

Finally, the prognostic value of urinary miR-210-3p in 
PC patients was examined. When evaluating the prog-
nostic significance of urinary miR-210-3p in all PC 
patients, including non-resected and IPMC cases, no 
significant difference in overall survival was observed 
based on the level of urinary miR-230-3p (P = 0.09, Sup-
plementary Fig.  1). A prognostic analysis was then per-
formed on the resected IDCa and IPMC subgroups. 
There was no significant difference in overall survival 

after resection (P = 0.84, Fig.  6a) or recurrence-free sur-
vival after resection of IDCa (P = 0.54, Fig. 6b) by the level 
of urinary miR-230-3p. In addition, no significant dif-
ference was identified in overall survival after resection 
(P = 0.13, Fig. 6c) or recurrence-free survival after resec-
tion of IPMC (P = 0.19, Fig.  6d) by the level of urinary 
miR-230-3p.

Correlation between mir-210-3p expression in plasma and 
urine
To test whether urinary miR210-3p levels reflected 
plasma miR-210-3p levels, we examined the correlation 
between urinary and plasma levels. The analysis was 
performed on 15 PC patients for whom plasma samples 
were available in addition to urine. Plasma miR-210-3p 
was significantly upregulated in the urine of PC patients 
compared to healthy individuals (P = 0.03, Fig. 7a). A scat-
ter plot of miR-210-3p level in urine and plasma is shown 
in Fig.  7b. The results of Spearman’s correlation analy-
sis showed a positive correlation between these levels 
(ρ = 0.643, P = 0.005).

Discussion
Development of minimally invasive biomarker assays for 
the early detection and effective clinical management 
of PC is urgently required to reduce the high mortality 
associated with this lethal disease. In recent years, many 
miRNAs have been identified as potential biomarkers of 
various cancers. Several researchers, including us, have 

Fig. 3 Large-scale analysis of the urinary level of miR-210-3p. (a). Urinary miR-210-3p was more highly expressed in the urine of PC patients than in that 
of healthy volunteers. For the large-scale analysis, total RNA extracted from urine samples of 58 PC patients and 35 healthy volunteers was used to analyze 
the expression level of miR-210-3p using qRT-PCR. (b). Analysis of the receiver operating characteristic (ROC) curve to detect PC patients. ROC analysis 
showed the greatest area under the ROC curve (AUC) of 0.7906
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demonstrated that miRNAs circulating in the plasma/
serum of PC patients are useful in detecting cancer 
because of a difference in their expression levels that dis-
tinguishes cancer patients from healthy individuals [31, 
33, 42–44]. To date, however, only one report examining 
the diagnostic utility of urinary miRNA for PC was iden-
tified in 2015 [45], and this report included only 13 cases 
of PC, lacking validation by a large number of cases. 
Since then, no studies have reported the clinical utility of 
urinary miRNA in PC, and urinary miRNA still has not 
been used in clinical practice. In blood, contamination of 
cellular miRNAs of hematopoietic origin should be con-
sidered [46]. Urine is considered an ideal body fluid for 
biomarker exploration as an alternative to blood. This led 
us to investigate the clinical utility of urinary miRNA, the 
ultimate minimally invasive liquid biopsy biomarker that 
may facilitate better decision making for PC treatment.

In this study, we identified a urinary microRNA, 
miR-210-3p, as a novel biomarker of PC, through 

genome-wide miRNA profiling of the urine of PC patients 
using high-resolution miRNA arrays. The expression 
level of urinary miR-210-3p was significantly higher in 
PC patients than in healthy volunteers, and this finding 
was validated in the large-scale analysis. In fact, the sen-
sitivity and specificity were 0.82 and 0.74, respectively, 
for differentiation from healthy individuals. The current 
cohort consists of 19% IPMC and 17% Tis (a carcinoma 
in situ) cases (with overlap). Urinary miR-210-3p tends to 
be higher in IPMC than IDCa, regardless of tumor pro-
gression. And even when IDCa and IPMC were analyzed 
separately, it was revealed that urinary miR-210-3p can 
differentiate IPMC from healthy individuals. These find-
ings led us to expect that this urinary miR-210-3p would 
be useful, especially for detecting early-stage lesions 
and IPMC. IPMN has a multi-step carcinogenesis pat-
tern characterized by the adenoma-carcinoma sequence 
and progresses to invasive carcinoma through low-grade 
dysplasia and high-grade dysplasia [47]. It is necessary to 
properly diagnose IPMC and determine the indication 
for surgery. However, the sensitivity of tumor markers is 
low, and pancreatic fluid sampling and brush cytology by 
ERCP also carry the risk of pancreatitis [48]. Therefore, 
urinary miR-210-3p could be a very useful non-invasive 
biomarker in clinical practice.

Using a microarray approach, we identified four 
microRNAs, miR-744-5p, miR-572, miR-210-3p, and 
miR-575, as candidate urinary biomarkers for PC. miR-
744-5p has a tumor suppressive function and has been 
reported to be downregulated in cancer tissue [49, 50]. 
miRNA-572 has been reported to act as an oncogene 
that promotes tumor growth and invasion in various 
cancers, including prostate [51], ovarian [52], and renal 
cell carcinoma [53]. miRNA-572 has been show to be 
frequently upregulated in cancerous tissues compared to 
normal tissues, but its expression in blood and urine is 
not clear. miR-575 has been reported to be upregulated 
and to function as an oncogene in gastric cancer [54], and 
downregulated and to function as an tumor suppressor 
in thyroid cancer [55]. Its expression in blood and urine 
is not clear. From these three miRNAs added to miR-
210-3p for a total of four candidates, miR-210-3p was 
selected for the present study by PCR-based test scale 
analysis. Expression of miR-210-3p has been previously 
reported to be regulated by HIF-1a and upregulated 
under hypoxic conditions [56]. Mir-210-3p-mediated 
suppression of ephrin A3 (EFNA3) promotes angiogen-
esis and tumor growth [57]. In addition, miR-210-3p also 
targets e2f transcription factor 3 (E2F3), which regulates 
cell cycle progression and selects more aggressive tumor 
cells to favor growth [58]. A meta-analysis [59] of nine 
published studies dealing with various cancers reported 
that high miR-210-3p expression was correlated with 
worse survival. However, the study also revealed that 

Table 1 Association between urinary mir-210-3p levels and 
clinicopathological characteristics
 Urinary miR-210-3p 

concentration
Uni-
variate

N High Low p-value
Total 58 29 29
Sex 0.062

Male 33 13 (45%) 20 (69%)
Female 25 16 (55%) 9 (31%)

Age, year # 0.63
71 (66–76) 67 (58–77)

CA19-9, U/mL # 0.07
17 (8.5–75.3) 143 

(13.5–591.9)
Resectability 0.75

Resectable 45 23 (79%) 22 (76%)
Unresectable 13 6 (21%) 7 (24%)

Histological type 0.15
IPMC 17 11 (38%) 6 (21%)
IDCa / X 41 18 (62%) 23 (79%)

pT (TNM) 0.24
Tis / T1 / T2 16 10 (34%) 6 (21%)
T3 / T4 / TX 42 19 (66%) 23 (79%)

pN (TNM) 0.43
N0 27 15 (52%) 12 (41%)
N1 / NX 31 14 (48%) 17 (59%)

pM (TNM) 0.75
M0 45 23 (79%) 22 (76%)
M1 / MX 13 6 (21%) 7 (34%)

pStage (TNM) 1.00
0 / I / II 32 16 (55%) 16 (55%)
III / IV / X 26 13 (45%) 13 (45%)

IPMN, Intraductal papillary mucinous neoplasm; PDAC, Pancreatic ductal 
adenocarcinoma

Values in parentheses are percentages unless indicated otherwise; # value is 
expressed as the median (interquartile range)
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the prognostic role of miR-210-3p varied by cancer type. 
Indeed, miR-210 is an independent negative prognos-
tic factor in breast and cervical cancer patients [60, 61]. 
However, ovarian cancer studies found that miR-210-3p 
may function as a suppressor of tumor growth [58, 62]. 
Validation in the Panc-1 cell line, a PC cell line, did not 
show any change in proliferation [63]. However, Greither 
et al. [64] reported that MiR-210-3p overexpression in PC 
tissue samples was a predictor of poor prognosis. Thus, 
the prognostic role of miR-210-3p in different tumors 
may vary. Furthermore, plasma miR-210-3p levels have 
also been reported to be useful in the diagnosis of PC [65, 
66]. Interestingly, however, similar to the trend observed 
in our urinary study, a previous report on plasma miR-
210-3p levels and prognosis of PC reported that high 
plasma miR-210-3p expression was significantly associ-
ated with favorable survival [67]. The different prognostic 

predictions of miR-210-3p may be explained by the 
hypoxic environment in which miR-210-3p functions and 
its different regulatory actions depending on the type of 
cancer and the origin, traits, and tissues of the samples. 
There have been no reports of the usefulness of urinary 
microRNA-210-3p as a biomarker. For the first time, in 
this study, we have demonstrated the potential diagnostic 
utility of urinary miR-210-3p.

There is growing evidence that circulating miRNAs in 
the serum and plasma of cancer patients may serve as 
noninvasive biomarkers. However, most reports on uri-
nary miRNAs have been in urologic cancers, and reports 
in patients with other solid tumors are very limited. This 
study is the first to demonstrate the possibility of detect-
ing miRNA-210-3p levels in urine. The present results 
showed that miR-210-3p levels are moderately correlated 
in plasma and urine. However, Weber et al. have shown 

Fig. 4 Diagnostic ability of urinary miR-210-3p for IPMC. (a). Urinary miR-210-3p levels was upregulated in IDCa over healthy individuals (p = 0.0086). In 
addition, urinary miR-210-3p levels were also elevated in IPMC over healthy individuals (p = 0.0018). (b). Urinary miR-210-3p can differentiate IDCa from 
healthy individuals by a cutoff of 7.82 with an AUC value of 0.669, sensitivity of 80%, and specificity of 61%. Urinary miR-210-3p can differentiate IPMC from 
healthy individuals by a cutoff of 8.02 with an AUC value of 0.762, sensitivity of 94%, and specificity of 63%

 



Page 9 of 13Imamura et al. BMC Cancer          (2024) 24:907 

marked differences in miRNA expression profiles in dif-
ferent human body fluids within individuals [68]. In their 
study, several miRNAs showed higher expression levels 
in urine compared to serum, suggesting that miRNAs 
are involved in specific miRNA secretory processes in 
the kidney and urinary epithelial compartment [68]. It 
has also been reported that only exosomal miRNAs are 
detectable in urine due to the presence of high levels of 
RNase in the urinary tract and the complete degradation 
of free RNA [69–71]. However, the present analysis can-
not distinguish between free urinary miRNA molecules 
and miRNA particles that are incorporated and protected 
by exosomes. The miR-210-3p has been reported to be 
elevated in PC tissue [64] and serum [65, 66], and these 
findings led us to speculate that its dynamics are such 
that miR-210-3p elevated in PC tissue circulates in the 
blood and is excreted in the urine. However, the mech-
anism of the elevated concentration of microRNAs in 
urine is not clear and requires further investigation.

The main limitation of this study was its single-center 
design with a small sample size. The results need to be 
validated in a large cohort and then in an independent 
external cohort. Additionally, there was a lack of data 
on miR-210 expression in pancreatic cancer tissue. We 
believe that examining the correlation between tissue 
expression and paired samples of blood and urine will 
offer insights into the biological mechanisms underly-
ing changes in urinary concentration. Based on these 
limitations, we are currently prospectively collecting 
tissue, blood, and urine samples from multiple institu-
tions. We believe that assessing heterogeneity over time, 
such as pre- and post-surgery and at recurrence, will 
provide further insights into detailed biological mecha-
nisms. Furthermore, in PC, other promising biomarkers 
for analysis besides urinary microRNAs, such as urinary 
metabolites [72, 73] and urinary circulating tumor DNA 
[74], have been reported. Since urine is noninvasive, can 
be collected repeatedly, and the amount of urine col-
lected is not limited, multi-omics analysis is possible. 

Fig. 5 A representative case in which urinary miR-210-3p measurement was useful in the diagnosis of IPMC. This is a case of mixed-type IPMN. No mural 
nodules to be contrast enhanced; diagnosed by main pancreatic duct dilatation of more than 10 mm as high-risk stigmata. CEA was 1.5 and CA19-9 was 
2.0. No elevation of tumor markers was observed. Preoperative pancreatic fluid cytology showed class III, and pancreatic ductal abrasion cytology showed 
class IV by endoscopic retrograde cholangiopancreatography. There was a strong suspicion of malignancy, but a definitive diagnosis of cancer was not 
obtained. The patient’s preoperative urinary miR-210-3p value was 126, well above the cutoff
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The usefulness of urine as a biomarker may be further 
enhanced by combining the previously reported bio-
markers and urinary miR-210, which we have reported. 
In the future, we plan to perform multi-omics analysis 
using urine. We hope to report the results of this analysis 
in the near future.

Conclusions
This is the first report to demonstrate the utility of uri-
nary miR-210-3p for PC. The non-invasive nature of 
urine collection and the ability to diagnose IPMC in addi-
tion to IDCa suggests that urinary miR-210-3p is a prom-
ising screening marker for early detection of PC and is 
expected to contribute to improving the prognosis of PC.

Fig. 6 Prognostic impact of the level of urinary miR-210-3p in PC patients. (a). Overall survival after resection for IDCa (invasive ductal carcinoma). (b). 
Recurrence-free survival after resection for IDCa. (c). Overall survival after resection for intraductal papillary mucinous carcinoma (IPMC). (d). Recurrence-
free survival after resection for IPMC
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