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Abstract

MiR-210 is the master hypoxamir that generally exhibits oncogenic properties in most
human solid tumors including bladder cancer (BC). However, it remains unknown about the
clinical significance of circulating miR-210 levels in BC. In this study, we found that serum
miR-210 was up-regulated in patients with BC, and serum levels of miR-210 increased with
advancing stage and grade. Moreover, serum miR-210 expression was found to be signifi-
cantly reduced in paired post-operative samples and elevated in most patients with
relapsed BC. Taken together, our data suggest that serum miR-210 could be a potential
noninvasive biomarker for screening, predicting and monitoring BC.

Introduction

Bladder cancer (BC), the most common malignancy of the urinary tract worldwide, results in
significant morbidity and mortality [1]. At initial diagnosis, about 70% of BC patients have
cancers confined to the epithelium or subepithelial connective tissue (non-muscle-invasive
bladder cancer, NMIBC, consist of stages Ta, Tis and T1). More than 50% of these cancers
recur and 15-20% progress to muscle-invasive form (MIBC, stages T2, T3 and T4) during fol-
low up [2]. Surely this high rate of disease recurrence requires lifelong surveillance. Currently,
the most commonly used test for non-invasive detection of BC is urine cytology. However, this
test has limited sensitivity, especially for the detection of low-grade lesions [3-6]. Cystoscopy-
guided biopsy for histological evaluation can provide high diagnostic accuracy, but it is invasive
and expensive, and inconvenient for general cancer screening. Therefore, there is a need for
new markers that may help in non-invasive detection and surveillance of BC.

MicroRNAs (miRNAs, miRs) are a novel class of endogenous, small, non-coding RNA oli-
gonucleotides that could negatively regulate gene expression by targeting the 3’ untranslated
region (3’-UTR) of the corresponding mRNA [7]. Cumulative evidence suggests that miRNAs
are frequently dysregulated in human cancers and exert significant effects on cancer develop-
ment [8, 9]. Circulating microRNAs, originate from primary tumor tissues, are stably
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detectable in serum/plasma [10-12]. Several studies have demonstrated that circulating miR-
NAs may be used as novel biomarkers in cancers [13-15]. Recently, some circulating micro-
RNAs, such as miR-21, miR-221, miR-375, etc. have been proposed as biomarkers for tumor
presence or treatment response to local and systemic therapies [9, 16]. However, the use of cir-
culating miRNAs as blood-based, minimally invasive biomarkers for patients with BC is still
relatively less explored.

MiR-210, the master hypoxamir, is upregulated in most human solid tumors and generally
exhibits oncogenic properties [17, 18]. Recent studies showed that miR-210 was upregulated in
BC tissues[19, 20], and the overexpression of miR-210 was associated with a poor survival, pro-
moted cell growth and migration, and inhibited apoptosis of BC cells [21]. The expression and
clinical significance of circulating miR-210 in BC remains unclear at this time. It has been dem-
onstrated that high circulating miR-210 could serve as a biomarker of tumor presence and
treatment response to drug therapies in patients with breast cancer [22]. In light of these obser-
vations, we postulate miR-210 might be a candidate for exploration as circulating biomarkers
of BC and may provide predictive information for improving cancer treatment.

In this study, we focused our analysis on the clinical impact of circulating miR-210 on detec-
tion and surveillance of BC, with the hypothesis that circulating miR-210 could serve as a mini-
mally invasive biomarker for BC patients. We found that pre-operative miR-210 expression
levels in serum are useful to detect BC, predict muscle invasion and histological degree, and
reflect tumour dynamics.

Materials and Methods
Patients and samples

The study included 168 patients with newly diagnosed BC in the Department of Urologic Sur-
gery, Qilu Hospital, Shandong University (Jinan, China) between 2006 and 2010. Histological
specimens from all patients were reviewed to confirm the diagnosis of BC, and the tumors were
staged and graded according to the 2002 TNM classification and the 1973 WHO grading sys-
tem, respectively. Blood were collected from 168 BC patients before surgery. Paired post-opera-
tive blood samples were collected from 40 patients one month after surgery, and unpaired
relapse group blood samples were collected from 30 patients. The clinicopathological data of
patients, including sex, age, histological differentiation and tumor stage were collected retro-
spectively. In addition, 104 healthy controls who visited the hospital for a medical check-up
were enrolled in this study. Normal controls were selected with similar age and gender propor-
tions to the pre-operative cancer patients, and they were screened to ensure that they were
within the normal range of all laboratory findings and had no history of cancer. The collection
and analysis of all samples were approved by the Ethical Committee of Qilu Hospital, Shan-
dong University, and written informed consent was obtained from each patient and controls.

Whole blood samples were collected from controls and patients by venipuncture. Serum
was separated within 1h of blood collection by centrifugation at 10,000 rpm for 10 min, to
completely remove cell debris. The serum samples were then transferred to RNase/DNase-free
tubes and stored at -80°C until further analysis. Formalin-fixed paraffin-embedded (FFPE) tis-
sue samples were collected from patients who have underwent radical cystectomy. All FFPE
samples were stored at room temperature until use.

Cell culture

BC cell lines (5637 and T24) and a human uroepithelial cell line (SV-HUC-1) were purchased
from American Type Culture Collection (ATCC, Manassas, VA, USA). 5637 and T24 were cul-
tured in RMPI1640 medium containing 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA),
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whereas SV-HUC-1 was cultured in Dulbecco’s modified Eagle’s medium/F12 (Invitrogen,
Carlsbad, CA, USA). All the cell lines were incubated at 37°C in a humidified atmosphere con-
taining 5% carbon dioxide.

Protocol for the detection of miRNAs in serum

The cDNA of miRNAs in serum was synthesized with the One Step PrimeScript miRNA
cDNA Synthesis Kit (Takara Bio Inc., Shiga, Japan). The reaction mixture (20ul) contained
10pl of 2xmiRNA Reaction Buffer Mix, 2ul of miRNA Primescript RT Enzyme Mix, 2ul of
0.1% BSA and 3pl of serum mixed with 3ul of serum buffer (2.5% Tween 20, 50 mmol/L Tris
and Immol/L EDTA [23], and was incubated at 37°C for 60min, at 85°C for 5s and then at 4°C
for 60min. After centrifugation at 10 000 rpm for 10 min at 4°C, the cDNA was stored at -20°C
until use.

The qRT-PCR for miRNAs was performed in final volumes of 25l using the SYBR Prime-
Script miRNA qPCR Kit (Takara Bio Inc., Shiga, Japan) on ABI PRISM 7500 Sequence Detec-
tion System (Applied Biosystems, Foster City, CA). The reaction reagents contained 12.5ul of
SYBR Premix Ex Taq II, 0.5pl of DyelI, 2ul of 5uM forward primer (Ribobio, Guangzhou,
China), 1pl of 10uM Uni-miR qPCR primer and 2.0pl of template cDNA. The volume was
adjusted with RNA-free H20. The reverse-transcription reaction was performed in triplicate to
remove any outliers. According to our previous research, the combination of miR-16-5p and
miR-193a-5p were used as the reference gene [24]. And, miRNA expression was recorded as
the ratio against the geometric mean of two reference genes. In addition, we selected the mini-
mum miR expression sample and set the expression value of this sample as 1. The expression
levels of all the other samples were equal to the relative ratio.

Isolation of RNA, cDNA synthesis and quantitative real-time polymerase
chain reaction (QRT-PCR)

Total RNA extraction from cells and culture media samples were performed using TRIzol
reagent (Ambion, Life Technologies, Carlsbad, CA, USA), whereas RNA extraction from For-
malin-fixed and paraffin-embedded (FFPE) samples was performed using the miRNA isolation
Kits (Bioteke, Beijing, China). All of the manipulations of the RNA were carried out under
RNase-free conditions. The isolated RNA was stored at -80°C until use.

cDNA was synthesized using gene-specific primers (Ribobio, Guangzhou, China) and the
M-MLV RT kit (Invitrogen, Carlsbad, CA, USA) in a 20yl reaction volume. The RT reaction
reagents contained 1mg RNA template, 1ul 10mM dNTP mix, 2pl 0.1 M DTT, 4l first-strand
buffer, and 1pl 40 U/ml RNase inhibitor. The volume was adjusted with RNA-free H20. The
reverse-transcription reaction was performed in triplicate to remove any outliers. MiRNA
expression was assessed using QRT-PCR and an ABI PRISM 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA). The fold changes in miRNA expression were deter-
mined using the 2-AACT method [10] with the U6 small nuclear RNA (U6) as the reference
gene to normalize the data. In addition, we set the expression value of human uroepithelial cell
line (SV-HUC-1) as 1 and the expression levels of all the other samples were equal to the rela-
tive ratio.

Statistical analysis

The SPSS (Statistical Package for the Social Sciences) software package, version 18.0 (Chicago,
IL, USA), and MedCalc 9.3.9.0 (MedCalc, Mariakerke, Belgium) software were used to analyze
all the data. We first used the Kolmogorov-Smirnov test to determine the distribution of the
data in each group. The data are presented as the mean + standard deviation (SD) or median
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(interquartile range) when the values were normally or abnormally distributed, respectively.
Statistical differences between the groups were tested using the Mann-Whitney U-test, Wil-
coxon t-test, Student’s t-test, or a Kruskal-Wallis test, as appropriate. Receiver operating char-
acteristic (ROC) curves were established to discriminate the subjects with or without BC.
Differences were considered statistically significant only when P<0.05. Multiple-comparisons
were considered statistically significant when P values were less than 0.05/(number of contrasts
performed) according to the Bonferroni multiple-comparison test.

Results
MiR-210 expression in human BC tissues and BC cell lines

To confirm previously reported high miR-210 expression levels in BC tissues[25], we examined
miR-210 expressions in 40 pairs of human BC tissues and corresponding non-cancerous tissues
using QRT-PCR. The results showed that the miR-210 expression in the BC tissues was signifi-
cantly upregulated in comparison to that in adjacent normal tissues (P<0.001, Fig 1A). Also,
we investigated the miR-210 expression in human BC cell lines (T24 and 5637) and a human
uroepithelial cell line (SV-HUC-1). The results showed that the expression levels of miR-210 in
BC cell lines were significantly higher than that in the human uroepithelial cell line (Fig 1B).

MiR-210 expression in serum of patients with BC

The expression levels of serum miR-210 in 168 BC patients and 104 controls were examined
using qQRT-PCR. In order to validate the stability of the reference genes, we compared the
expression levels of miR-16-5p, miR-193a-5p and combination of miR-16-5p and miR-193a-
5p (geometric mean) in BC patients and normal controls. There was no evidence for differen-
tial expression of miR-16-5p, miR-193a-5p and combination of miR-16-5p and miR-193a-5p
between BC patients and healthy controls (S1 Fig). And the results indicated that the levels of
miR-210 were significantly upregulated in BC patients compared to healthy controls
(P<0.0001, Fig 2A). Representation of the data using a ROC plot showed strong separation
between both groups, with an AUC of 0.898 (95% CI, 0.855-0.931) (Fig 2B). We used ROC
curves with the Younden index to detect cutoff values that could discriminate bladder cancer
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Fig 1. The miR-210 expression in primary BC tissues and BC cell lines. (A) Comparison of miR-210 levels in 40 pairs of primary BC tissues and adjacent
normal tissues. The expression level of miR-210 was significant higher in primary BC tissues than in adjacent normal tissues (P<0.001). (B) The expression
levels of miR-210 in BC cell lines were higher than in a human uroepithelial cell line.

doi:10.1371/journal.pone.0135168.g001
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Fig 2. (A) The serum miR-210 expression in 168 BC patients and 104 controls. The upper and lower limits of the boxes and the lines inside the boxes
indicate the 75th and 25th percentiles and the median, respectively. The upper and lower horizontal bars denote the 90th and 10th percentiles, respectively.
(B) Receiver-operating characteristic (ROC) curve analysis of the serum miR-210 to detect BC patients. The AUC of 0.898 (95% CI 0.855—0.931) indicates
good discriminative power.

doi:10.1371/journal.pone.0135168.9g002

patients from normal controls [26]. The optimal cutoff value was indicated at 22.37, with a sen-
sitivity of 97.6% (95% CI, 94.0%-99.3%) and a specificity of 69.2% (95% CI, 59.4%-77.9%).

The statistical results showed that serum miR-210 expression in BC patients was signifi-
cantly correlated with T stage (P = 0.000) and M stage (P = 0.040). There were no significant
associations between serum miR-210 expression and the patient’s gender, age, N stage or
Grade (all P >0.05) (Table 1).

The role of serum miR-210 in predicting tumor stage in patients with BC

In further analysis, we divided the BC patients into NMIBC and MIBC, and found that the
serum miR-210 from both NMIBC and MIBC were significantly upregulated compared to the
controls (P<0.0001 and P<0.0001, respectively). More importantly, a significant difference in
serum expression of miR-210 was observed between both groups of patients with NMIBC and
MIBC (P<0.0001, Fig 3A). The AUC of miR-210 used to distinguish NMIBC (Ta-T1) and
MIBC (T2-T4) patients from the controls were 0.858 (95% CI, 0.800-0.904) and 0.938 (95%
CI, 0.893-0.968), respectively (Fig 3B and 3C). And serum miR-210 could reliably differentiate
NMIBC patients from MIBC patients, as evidenced by an AUC value of 0.736 (95% CI, 0.662-
0.800) (Fig 3D).

Evaluation of whether serum miR-210 could monitor tumor dynamics

We selected 10 BC patients with the highest serum miR-210 expression (high group) and
another 10 BC patients with the lowest serum miR-210 expression (low group). The corre-
sponding FFPE tissues of these patients were collected and then the miR-210 expressions were
evaluated. As a result, in 9 patients of the high group, miR-210 expression in BC FFPE tissues
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Table 1. MiR-210 expression and clinicaopathological feature in BC patients [median (interquartile range)].

Clinicopathological feature NO. of cases miR-210 expression P
Gender 0.475%
Male 128 58.680 (39.110-72.473)

Female 40 54.360 (31.440-89.780)

Age° 0.4382
Under 65 74 57.260 (39.350-74.128)

65 or more 94 56.990 (37.043-72.263)

Grade 0.058°
G1 48 50.620 (31.513-69.203)

G2 50 54.785 (37.048-69.523)

G3 70 61.890 (42.170-76.770)

T stage 0.000%
Ta-T1 84 45.805(30.023-60.478)

T2-T4 84 69.025 (54.336-85.915)

N stage 0.0812
NO 146 56.435 (38.378-69.780)

N1-3 22 72.315 (37.613-116.763)

M stage 0.040?
MO 154 56.285 (38.298-71.558)

M1-3 14 71.390 (58.233-88.020)

Gtatistical significance was determined by the Kruskal-Wallis test.
PStatistical significance was determined by the Mann-Whitey U test.
¢ The mean age of the patients is 64.8.

doi:10.1371/journal.pone.0135168.1001

showed higher (90%) than that in patients of the low group (S2 Fig). Moreover, we examined
the circulating miR-210 expression levels in paired pre- and post-operative serum samples
from 40 BC patients who underwent curative cystectomy, and found that the levels of serum
miR-210 were significantly reduced in the post-operative group (P<0.0001) (Fig 4A). We also
examined the serum levels of miR-210 in unpaired pre-operative (n = 168), post-operative
(n = 40), and relapse (n = 30) serum samples, and found that the miR-210 level was signifi-
cantly reduced in the post-operative group compared with that in the pre-operative group
(P<0.0001). The level of serum miR-210 in the relapse group was significantly increased
(P<0.0001) and exhibited a similar level to that in the pre-operative samples (Fig 4B). Taken
together, the findings demonstrated that the circulating levels of miR-210 could reflect the
tumor dynamics in BC patients.

Evaluation of monitoring tumor dynamics using miR-210 expression of
cultured medium in BC cell lines

It has been reported that primary tumor cells could secrete miRNAs into surrounding environ-
ments, including adjacent cells and the blood flow [27]. Therefore, we hypothesized that cul-
tured cancer cells might also secrete several cancer-associated miRNAs into surrounding
medium, simulating the mutual influence between primary cancer cells and the adjacent blood.
To confirm the hypothesis, we first examined the miR-210 expression of cultured medium in
BC cell lines (5637 and T24) and found miR-210 were expressed in cultured medium of both
5637 and T24 cells. Then we plated 5637 and T24 cells with different numbers and collected
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Fig 3. (A) The serum miR-210 expression in 84 NMIBC, 84 MIBC and 104 controls. All P<0.05/3. (B) ROC curves for serum miR-210 for NMIBC group
(n = 84) vs healthy individuals (n = 104). AUC = 0.858 (95% CI 0.800-0.904). (C) ROC curves for serum miR-210 for MIBC group (n = 84) vs healthy
individuals (n = 104). AUC = 0.938 (95% CI 0.893-0.968). (D) ROC curves for serum miR-210 for NMIBC group (n = 84) vs MIBC group (n = 84).

AUC =0.736 (95% CI 0.662—0.800).

doi:10.1371/journal.pone.0135168.9g003

the medium at various time points for detailed investigation. As a result, increased tendencies
of the miR-210 expression were confirmed in both cell number- and time-course-dependent
manners (Fig 5). These results indicate that miR-210 might be released from primary bladder
tumor cells into the surrounding environment, implying that the serum miR-210 might origi-
nate from primary BC cells and its serum expression level could reflect tumor dynamics of can-
cer patients with BC.
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Fig 4. Comparison of circulating miR-210 expressions in different groups. (A) Comparison of serum miR-210 expressions between pre- and post-
operative samples from BC patients. The serum miR-210 levels were significantly reduced in paired post-operative samples compared with those in pre-
operative samples (P<0.0001). (B) Scatter plot of miR-210 levels in the pre-operative (n = 168), post-operative (n = 40) and relapse (n = 30) serum groups.

doi:10.1371/journal.pone.0135168.g004

Discussion

Many genetic and epigenetic alterations are found to be involved in tumorigenesis and the pro-
gression of various cancers. Previous reports have identified tumor specific changes to nucleic
acids in blood of patients, and have showed the potential value of plasma/serum nucleic acids
as new non-invasive biomarkers in patients with cancers [28, 29]. Particularly, microRNAs
originating from cancer cells have been proven to be stable and easily detected in plasma or
serum of patients with several cancers, which could mirror the expression pattern in the neo-
plastic tissues [10, 11]. But in fact, only relatively few miRNAs that are abundantly expressed in
cancer cells are detectable in circulation [30], and nearly 30% of the released miRNAs do not
mirror the expression patterns of the specific cancer cells [31]. These reports underscore the
importance of finding novel circulating microRNAs as biomarkers for cancers.

A 5637 B T24
12+ 3 24h 12- 3 24h
3 48h 3 48h
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Fig 5. Comparison of medium miR-210 level in BC cells (5637 and T24). Increased tendencies were confirmed in cell medium in both cell number- and
time-course-dependent manners.

doi:10.1371/journal.pone.0135168.9g005
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MiR-210 is the most consistently and robustly induced microRNA under hypoxia and gen-
erally exhibits oncogenic properties in various tumors [32, 33]. Hypoxia is a common feature
of many solid tumors, including BC, and is implicated in the regulation of many genes. Recent
studies demonstrated miR-210 was upregulated in BC tissues [19, 20]. In this study, first, we
confirmed the higher miR-210 expressions in BC tissues and cell lines than in adjacent normal
tissues and a human uroepithelial cell line. Then, we focused on the clinical significance of cir-
culating miR-210 in BC. We found that it was significantly higher in BC patients than in
healthy volunteers, and the AUC to discriminate BC from healthy controls was 0.898, with a
sensitivity of 97.6% and a specificity of 69.2%. This study is the first to demonstrate the poten-
tial role of serum miR-210 in detection of BC. We also found that high miR-210 expression in
serum was associated with advanced T stage and the presence of metastasis. These findings
were consistent with other reports that high miR-210 expression in BC tissue was associated
with muscle-invasive aggressiveness [19, 20].

Further research showed miR-210 levels could not only distinguish NMIBC patients from
healthy control patients, but also MIBC from NMIBC with AUC value of 0.736. However, the
relatively low AUC and the considerable overlap in distributions of serum miR-210 in NMIBC
and MIBC indicate that serum miR-210 could not be used to accurately differentiate between
MIBC and NMIBC. Nevertheless, serum miR-210 may serve to assess the relative likelihood of
muscle-invasive BC in the absence of more reliable circulating biomarkers. Thus, it could be
helpful in preoperatively predicting tumor stage with the hope that such knowledge could pos-
sibly guide therapeutic choice.

We also investigated whether serum miR-210 expression levels could reflect tumor dynam-
ics in BC. The comparison between miR-210 expression in paired serum and primary tumors
revealed that high levels of miR-210 represented higher expressions in most cases of primary
BC tissues. miR-210 levels were also compared in paired serum samples obtained before and
after curative surgery, which exhibited significantly reduction postoperatively. And the levels
of serum miR-210 from patients with relapsed BC were upregulated and reached the levels of
that in pre-operative patients. Moreover, we determined whether the miR-210 level in culture
medium could reflect the status of BC cell lines and might be released from cancer cells. And
our data clearly demonstrated that the miR-210 levels in cultured medium of BC cell lines sig-
nificantly increased in both cell number- and time-course-dependent manners, while the miR-
210 levels in cultured medium of the human uroepithelial cell line remained unchanged (data
not shown). These findings indicated that the serum expression level of miR-210 could be
reflective of tumour dynamics and might monitor tumor status.

Although our current assay may be potentially useful for BC detection, there was a limita-
tion of using miR-210 as a single biomarker for the diagnosis of BC. Circulating expression of
miR-210 has also been described in other solid cancers, such as breast cancers[22], kidney can-
cer [34], and pancreatic cancer [35]. Therefore, it might be a challenge to discriminate whether
high circulating miR-210 level is specifically associated with BC itself or if this is only a com-
mon phenomenon which manifests as a result of perturbations in the host immune response
during progression of any cancer [36]. We addressed this issue by demonstrating that a positive
significant correlation existed between primary tumor tissue and serum levels of miR-210 and
that serum miR-210 levels fell postoperatively in a subset of patients, highlighting the specific-
ity of miR-210 as a specific biomarker for BC.

In conclusion, our results provide compelling evidence that serum miR-210 could be used
as a noninvasive biomarker for screening, stage predicting and monitoring BC. This concept
can be incorporated into clinical decisions in the not-so-distant future pending validation in
large-scale prospective trials.
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Supporting Information

S1 Fig. Ct values of miR-16-5p, miR-193a-5p, combination of miR-16-5p and miR-193a-5p
in BC patients and healthy controls (all P>0.05). No significant difference was found within
3 reference genes in both groups.

(TIF)

S2 Fig. Comparison of miR-210 levels in serum and corresponding cancer tissues.
(TIF)

Author Contributions

Conceived and designed the experiments: CW YY. Performed the experiments: AQ LW GZ.
Analyzed the data: JL RW WD. Contributed reagents/materials/analysis tools: YL GL QF X]J.
Wrote the paper: LD XZ.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, et al. Cancer statistics, 2008. CA: a cancer journal
for clinicians. 2008; 58(2):71-96. doi: 10.3322/CA.2007.0010 PMID: 18287387.

2. Grossman HB, Soloway M, Messing E, Katz G, Stein B, Kassabian V, et al. Surveillance for recurrent
bladder cancer using a point-of-care proteomic assay. JAMA: the journal of the American Medical
Association. 2006; 295(3):299-305. doi: 10.1001/jama.295.3.299 PMID: 16418465.

3. Karakiewicz Pl, Benayoun S, Zippe C, Ludecke G, Boman H, Sanchez-Carbayo M, et al. Institutional
variability in the accuracy of urinary cytology for predicting recurrence of transitional cell carcinoma of
the bladder. BJU international. 2006; 97(5):997—1001. doi: 10.1111/j.1464-410X.2006.06036.x PMID:
16542342.

4. Babjuk M, Oosterlinck W, Sylvester R, Kaasinen E, Bohle A, Palou-Redorta J, et al. EAU guidelines on
non-muscle-invasive urothelial carcinoma of the bladder. European urology. 2008; 54(2):303—14. doi:
10.1016/j.eururo.2008.04.051 PMID: 18468779.

5. Whelan P. Bladder cancer—contemporary dilemmas in its management. European urology. 2008; 53
(1):24-6. doi: 10.1016/j.eururo.2007.08.056 PMID: 17889428.

6. LotanY, Roehrborn CG. Sensitivity and specificity of commonly available bladder tumor markers ver-
sus cytology: results of a comprehensive literature review and meta-analyses. Urology. 2003; 61
(1):109-18; discussion 18. PMID: 12559279.

7. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011; 144(5):646—74. PMID:
21376230. doi: 10.1016/j.cell.2011.02.013

8. HuG, ChenD,LiX, Yang K, Wang H, Wu W. miR-133b regulates the MET proto-oncogene and inhibits
the growth of colorectal cancer cells in vitro and in vivo. Cancer biology & therapy. 2010; 10(2):190-7.
PMID: 20505319.

9. Moriyama T, Ohuchida K, Mizumoto K, Yu J, Sato N, Nabae T, et al. MicroRNA-21 modulates biological
functions of pancreatic cancer cells including their proliferation, invasion, and chemoresistance. Molec-
ular cancer therapeutics. 2009; 8(5):1067—74. PMID: 19435867. doi: 10.1158/1535-7163.MCT-08-
0592

10. ChenX,BaY,Mal,CaiX, YinY, WangK, et al. Characterization of microRNAs in serum: a novel
class of biomarkers for diagnosis of cancer and other diseases. Cell research. 2008; 18(10):997—1006.
doi: 10.1038/cr.2008.282 PMID: 18766170.

11.  Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-Agadjanyan EL, et al. Circulating
microRNAs as stable blood-based markers for cancer detection. Proceedings of the National Academy
of Sciences of the United States of America. 2008; 105(30):10513-8. doi: 10.1073/pnas.0804549105
PMID: 18663219; PubMed Central PMCID: PMC2492472.

12. Yun SJ, Jeong P, Kim WT, Kim TH, Lee YS, Song PH, et al. Cell-free microRNAs in urine as diagnostic
and prognostic biomarkers of bladder cancer. International journal of oncology. 2012; 41(5):1871-8.
doi: 10.3892/ij0.2012.1622 PMID: 22961325.

13. Redova M, Sana J, Slaby O. Circulating miRNAs as new blood-based biomarkers for solid cancers.
Future oncology. 2013; 9(3):387—402. doi: 10.2217/fon.12.192 PMID: 23469974.

14. ZenK, Zhang CY. Circulating microRNAs: a novel class of biomarkers to diagnose and monitor human
cancers. Medicinal research reviews. 2012; 32(2):326—48. doi: 10.1002/med.20215 PMID: 22383180.

PLOS ONE | DOI:10.1371/journal.pone.0135168 August 7, 2015 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135168.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135168.s002
http://dx.doi.org/10.3322/CA.2007.0010
http://www.ncbi.nlm.nih.gov/pubmed/18287387
http://dx.doi.org/10.1001/jama.295.3.299
http://www.ncbi.nlm.nih.gov/pubmed/16418465
http://dx.doi.org/10.1111/j.1464-410X.2006.06036.x
http://www.ncbi.nlm.nih.gov/pubmed/16542342
http://dx.doi.org/10.1016/j.eururo.2008.04.051
http://www.ncbi.nlm.nih.gov/pubmed/18468779
http://dx.doi.org/10.1016/j.eururo.2007.08.056
http://www.ncbi.nlm.nih.gov/pubmed/17889428
http://www.ncbi.nlm.nih.gov/pubmed/12559279
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/20505319
http://www.ncbi.nlm.nih.gov/pubmed/19435867
http://dx.doi.org/10.1158/1535-7163.MCT-08-0592
http://dx.doi.org/10.1158/1535-7163.MCT-08-0592
http://dx.doi.org/10.1038/cr.2008.282
http://www.ncbi.nlm.nih.gov/pubmed/18766170
http://dx.doi.org/10.1073/pnas.0804549105
http://www.ncbi.nlm.nih.gov/pubmed/18663219
http://dx.doi.org/10.3892/ijo.2012.1622
http://www.ncbi.nlm.nih.gov/pubmed/22961325
http://dx.doi.org/10.2217/fon.12.192
http://www.ncbi.nlm.nih.gov/pubmed/23469974
http://dx.doi.org/10.1002/med.20215
http://www.ncbi.nlm.nih.gov/pubmed/22383180

@’PLOS ‘ ONE

Diagnostic Value of Serum miR-210in BC

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kosaka N, Iguchi H, Ochiya T. Circulating microRNA in body fluid: a new potential biomarker for cancer
diagnosis and prognosis. Cancer science. 2010; 101(10):2087—92. doi: 10.1111/j.1349-7006.2010.
01650.x PMID: 20624164.

Kawaguchi T, Komatsu S, Ichikawa D, Morimura R, Tsujiura M, Konishi H, et al. Clinical impact of circu-
lating miR-221 in plasma of patients with pancreatic cancer. British journal of cancer2013. p. 361-9.
doi: 10.1038/bjc.2012.546 PMID: 23329235

QuA, Dul, Yang,LiuH,LiJ, Wang L, et al. Hypoxia-Inducible MiR-210 Is an Independent Prognostic
Factor and Contributes to Metastasis in Colorectal Cancer. PloS one. 2014; 9(3):90952. doi: 10.1371/
journal.pone.0090952 PMID: 24632577; PubMed Central PMCID: PMC3954583.

LiL, Huang K, You Y, Fu X, Hu L, Song L, et al. Hypoxia-induced miR-210 in epithelial ovarian cancer
enhances cancer cell viability via promoting proliferation and inhibiting apoptosis. International journal
of oncology. 2014; 44(6):2111-20. doi: 10.3892/ij0.2014.2368 PMID: 24715221.

Li X, Chen J, Hu X, Huang Y, Li Z, Zhou L, et al. Comparative mRNA and microRNA expression profiling
of three genitourinary cancers reveals common hallmarks and cancer-specific molecular events. PloS
one. 2011; 6(7):€22570. doi: 10.1371/journal.pone.0022570 PMID: 21799901; PubMed Central
PMCID: PMC3143156.

Zaravinos A, Radojicic J, Lambrou G, Volanis D, Delakas D, Stathopoulos EN, et al. Expression of
miRNAs involved in angiogenesis, tumor cell proliferation, tumor suppressor inhibition, epithelial-mes-
enchymal transition and activation of metastasis in bladder cancer. The Journal of urology. 2012; 188
(2):615-23. doi: 10.1016/}.jur0.2012.03.122 PMID: 22704449,

Pignot G, Cizeron-Clairac G, Vacher S, Susini A, Tozlu S, Vieillefond A, et al. microRNA expression
profile in a large series of bladder tumors: identification of a 3-miRNA signature associated with aggres-
siveness of muscle-invasive bladder cancer. International journal of cancer Journal international du
cancer. 2013; 132(11):2479-91. doi: 10.1002/ijc.27949 PMID: 23169479.

Jung EJ, Santarpia L, Kim J, Esteva FJ, Moretti E, Buzdar AU, et al. Plasma microRNA 210 levels cor-
relate with sensitivity to trastuzumab and tumor presence in breast cancer patients. Cancer. 2012; 118
(10):2603—14. doi: 10.1002/cncr.26565 PMID: 22370716; PubMed Central PMCID: PMC3864019.

Asaga S, Kuo C, Nguyen T, Terpenning M, Giuliano AE, Hoon DS. Direct serum assay for microRNA-
21 concentrations in early and advanced breast cancer. Clinical chemistry. 2011; 57(1):84-91. doi: 10.
1373/clinchem.2010.151845 PMID: 21036945.

Wang L, Liu Y, Du L, Li J, Jiang X, Zheng G, et al. Identification and validation of reference genes for
the detection of serum microRNAs by reverse transcriptionquantitative polymerase chain reaction in
patients with bladder cancer. Molecular medicine reports. 2015. doi: 10.3892/mmr.2015.3428 PMID:
25738263.

LiuY,Han Y, Zhang H, Nie L, Jiang Z, Fa P, et al. Synthetic miRNA-mowers targeting miR-183-96-182
cluster or miR-210 inhibit growth and migration and induce apoptosis in bladder cancer cells. PloS one.
2012; 7(12):52280. doi: 10.1371/journal.pone.0052280 PMID: 23284967; PubMed Central PMCID:
PMC3524115.

Akobeng AK. Understanding diagnostic tests 3: Receiver operating characteristic curves. Acta paedia-
trica. 2007; 96(5):644—7. doi: 10.1111/.1651-2227.2006.00178.x PMID: 17376185.

Turchinovich A, Weiz L, Langheinz A, Burwinkel B. Characterization of extracellular circulating micro-
RNA. Nucleic acids research. 2011; 39(16):7223-33. doi: 10.1093/nar/gkr254 PMID: 21609964;
PubMed Central PMCID: PMC3167594.

Chan KC, Lo YM. Circulating tumour-derived nucleic acids in cancer patients: potential applications as
tumour markers. British journal of cancer. 2007; 96(5):681-5. doi: 10.1038/sj.bjc.6603625 PMID:
17311021; PubMed Central PMCID: PMC2360081.

Diehl F, Schmidt K, Choti MA, Romans K, Goodman S, Li M, et al. Circulating mutant DNA to assess
tumor dynamics. Nature medicine. 2008; 14(9):985-90. doi: 10.1038/nm.1789 PMID: 18670422;
PubMed Central PMCID: PMC2820391.

Chen TS, Lai RC, Lee MM, Choo AB, Lee CN, Lim SK. Mesenchymal stem cell secretes microparticles
enriched in pre-microRNAs. Nucleic acids research. 2010; 38(1):215-24. doi: 10.1093/nar/gkp857
PMID: 19850715; PubMed Central PMCID: PMC2800221.

Pigati L, Yaddanapudi SC, lyengar R, Kim DJ, Hearn SA, Danforth D, et al. Selective release of micro-
RNA species from normal and malignant mammary epithelial cells. PloS one. 2010; 5(10):e13515. doi:
10.1371/journal.pone.0013515 PMID: 20976003; PubMed Central PMCID: PMC2958125.

Puissegur MP, Mazure NM, Bertero T, Pradelli L, Grosso S, Robbe-Sermesant K, et al. miR-210 is
overexpressed in late stages of lung cancer and mediates mitochondrial alterations associated with
modulation of HIF-1 activity. Cell death and differentiation. 2011; 18(3):465—-78. doi: 10.1038/cdd.2010.
119 PMID: 20885442; PubMed Central PMCID: PMC3131992.

PLOS ONE | DOI:10.1371/journal.pone.0135168 August 7, 2015 11/12


http://dx.doi.org/10.1111/j.1349-7006.2010.01650.x
http://dx.doi.org/10.1111/j.1349-7006.2010.01650.x
http://www.ncbi.nlm.nih.gov/pubmed/20624164
http://dx.doi.org/10.1038/bjc.2012.546
http://www.ncbi.nlm.nih.gov/pubmed/23329235
http://dx.doi.org/10.1371/journal.pone.0090952
http://dx.doi.org/10.1371/journal.pone.0090952
http://www.ncbi.nlm.nih.gov/pubmed/24632577
http://dx.doi.org/10.3892/ijo.2014.2368
http://www.ncbi.nlm.nih.gov/pubmed/24715221
http://dx.doi.org/10.1371/journal.pone.0022570
http://www.ncbi.nlm.nih.gov/pubmed/21799901
http://dx.doi.org/10.1016/j.juro.2012.03.122
http://www.ncbi.nlm.nih.gov/pubmed/22704449
http://dx.doi.org/10.1002/ijc.27949
http://www.ncbi.nlm.nih.gov/pubmed/23169479
http://dx.doi.org/10.1002/cncr.26565
http://www.ncbi.nlm.nih.gov/pubmed/22370716
http://dx.doi.org/10.1373/clinchem.2010.151845
http://dx.doi.org/10.1373/clinchem.2010.151845
http://www.ncbi.nlm.nih.gov/pubmed/21036945
http://dx.doi.org/10.3892/mmr.2015.3428
http://www.ncbi.nlm.nih.gov/pubmed/25738263
http://dx.doi.org/10.1371/journal.pone.0052280
http://www.ncbi.nlm.nih.gov/pubmed/23284967
http://dx.doi.org/10.1111/j.1651-2227.2006.00178.x
http://www.ncbi.nlm.nih.gov/pubmed/17376185
http://dx.doi.org/10.1093/nar/gkr254
http://www.ncbi.nlm.nih.gov/pubmed/21609964
http://dx.doi.org/10.1038/sj.bjc.6603625
http://www.ncbi.nlm.nih.gov/pubmed/17311021
http://dx.doi.org/10.1038/nm.1789
http://www.ncbi.nlm.nih.gov/pubmed/18670422
http://dx.doi.org/10.1093/nar/gkp857
http://www.ncbi.nlm.nih.gov/pubmed/19850715
http://dx.doi.org/10.1371/journal.pone.0013515
http://www.ncbi.nlm.nih.gov/pubmed/20976003
http://dx.doi.org/10.1038/cdd.2010.119
http://dx.doi.org/10.1038/cdd.2010.119
http://www.ncbi.nlm.nih.gov/pubmed/20885442

@’PLOS ‘ ONE

Diagnostic Value of Serum miR-210in BC

33.

34.

35.

36.

Redova M, Poprach A, Besse A, lliev R, Nekvindova J, Lakomy R, et al. MiR-210 expression in tumor
tissue and in vitro effects of its silencing in renal cell carcinoma. Tumour Biol. 2013; 34(1):481-91.
PMID: 23150176. doi: 10.1007/s13277-012-0573-2

Zhao A, Li G, Peoc'h M, Genin C, Gigante M. Serum miR-210 as a novel biomarker for molecular diag-

nosis of clear cell renal cell carcinoma. Experimental and molecular pathology. 2013; 94(1):115-20.
doi: 10.1016/j.yexmp.2012.10.005 PMID: 23064048.

Varga J, Wohlgethan JR. The clinical and biochemical spectrum of hereditary amyloidosis. Seminars in
arthritis and rheumatism. 1988; 18(1):14—28. PMID: 2847318.

Xiao J, Luo X, Lin H, Zhang Y, Lu Y, Wang N, et al. MicroRNA miR-133 represses HERG K+ channel
expression contributing to QT prolongation in diabetic hearts. The Journal of biological chemistry.
2007; 282(17):12363-7. doi: 10.1074/jbc.C700015200 PMID: 17344217.

PLOS ONE | DOI:10.1371/journal.pone.0135168 August 7, 2015 12/12


http://www.ncbi.nlm.nih.gov/pubmed/23150176
http://dx.doi.org/10.1007/s13277-012-0573-2
http://dx.doi.org/10.1016/j.yexmp.2012.10.005
http://www.ncbi.nlm.nih.gov/pubmed/23064048
http://www.ncbi.nlm.nih.gov/pubmed/2847318
http://dx.doi.org/10.1074/jbc.C700015200
http://www.ncbi.nlm.nih.gov/pubmed/17344217

