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Abstract: In this study, we aimed to characterize miR-222 expression in serum as a non-invasive biomarker for 
diagnosis of bladder cancer (BC) and differentiation of muscle invasive bladder cancer (MIBC) from non-muscle 
invasive bladder cancer (NMIBC). Serum samples were obtained from 98 BC patients and 100 healthy individuals. 
Serum levels of miR-222 were detected by qRT-PCR analysis and further associated with the clinicopathological 
characteristics and prognosis of BC patients, and also compared between patients with MIBC and NMIBC. Receiver 
operating characteristic (ROC) curve analysis was conducted to assess the diagnostic value of serum miR-222 in 
BC screening and differentiation of MIBC from NMIBC. We found that serum miR-222 levels in BC patients were sig-
nificantly higher in comparison with that in healthy controls, and the levels of serum miR-222 in patients with MIBC 
were significantly higher than that in patients with NMIBC. Upregulation of serum miR-222 was greatly associated 
with aggressive clinicopathological features and poor prognosis in BC patients. According to ROC curve analysis, 
between BC patients and healthy controls, the area under the curve (AUC) of serum miR-222 was 0.857, and its 
specificity and sensitivity were 0.745 and 0.920 at a diagnostic threshold of 2.035. Between patients with MIBC and 
NMIBC, the AUC of ROC curve of serum miR-222 was 0.799, and its specificity and sensitivity were 0.743 and 0.841 
at a diagnostic threshold of 3.705. Serum miR-222 can be utilized as a promising non-invasive molecular marker 
for BC screening and prognosis, as well as differentiation of MIBC from NMIBC.
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Introduction

Bladder cancer (BC) is characterized as one of 
the most malignant neoplasms worldwide, 
which causes a large body of cancer-related 
death [1]. Although great improvements of 
treatment strategies and management have 
been achieved in the past several decades, the 
prognosis of BC, especially survival outcomes, 
remains dismal. According to clinical diagnosis, 
BC could be divided into non-muscle invasive 
bladder cancer (NMIBC) and muscle invasive 
bladder cancer (MIBC). MIBC, which might lead 
to an extreme cancer-specific mortality, was 
accounted for approximately 30% of the total 
BC cases [2, 3]. Therefore, it is of crucial impor-
tance for us to explore the underlying mecha-
nisms of bladder carcinogenesis, which may 
contribute to the discovery of a novel diagnos-
tic biomarker for BC in the near future. 

MicroRNAs (miRNAs) are a series of short, sin-
gle stranded and noncoding molecules (18- 
24 nucleotides), which participate in regulating 
gene expression through binding with the target 
mRNAs [4]. Recent articles indicated that dys-
regulated miRNAs expression was associated 
with a great number of malignancies, such as 
prostate cancer [5], breast cancer [6], gastric 
cancer [7] and BC [8]. Moreover, increasing 
studies indicated that circulating miRNAs, 
detected in the body fluids, including plasma, 
serum and urine, could be applied in diagnosis 
of various cancers [9, 10]. However, there were 
limited studies about serum miRNAs in BC.

MiR-222 was previously reported to be upregu-
lated in human cervical cancer [11]. Zhang et 
al. indicated that miR-222 overexpression was 
detected in BC tissues and involved in the poor 
prognosis of BC patients [12]. However, the 
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diagnostic values of serum miR-222 in BC 
remain to be further elucidated. Thus, the pres-
ent study aimed to explore whether the dysreg-
ulated expressions of serum miR-222 could 
reflect bladder carcinogenesis and differenti-
ate MIBC from NMIBC from clinical view. Our 
investigation would evaluate the potential role 
of serum miR-222 as a biomarker for diagnosis 
of BC.

Material and methods

Patients and serum samples

Serum samples were collected from 98 BC 
patients who received transurethral or partial 
cystectomy in Minhang Hospital (n = 61) and 
First People’s Hospital (n = 37). Patients who 
had received radiotherapy or chemotherapy 
prior to blood sampling were excluded from this 
trial. Patients with other prior systemic diseas-
es, including diabetes mellitus, liver cirrhosis 
and cardiovascular diseases were also exclud-
ed. For each case, the diagnosis and the histo-
logical grade were confirmed by two experi-
enced pathologists. All tumors were classified 
according to the 2002 Union for International 
Cancer Control (UICC) TNM classification [13] 
and World Health Organization (WHO) 2004 
grading system [14]. Fasting peripheral blood 
(5 mL) was obtained from each patient prior to 
surgery. The control group consisted of 100 
healthy volunteers who had never received a 
diagnosis of malignancy previously. As record-
ed in Table 1, there was no significant differ-
ence of gender (P = 0.795), age (P = 0.799), 

smoking status (P = 0.905) and drinking status 
(P = 0.667) between the two groups.

Immediately after collection, the blood samples 
were centrifuged at 3,000 rpm for 10 min at 
4°C; and then, the supernatant fluids were cen-
trifuged at 15,000 rpm for 10 min at 4°C in 
another Eppendorf tubes. Supernatants were 
recovered, frozen in 0.2 mL aliquots and stored 
at -80°C until further analysis. Written informed 
consent for the present study was obtained 
from all of the participants (both patients and 
controls) before sample collections, and the 
experimental procedures were approved by the 
Ethical Review Committee of Minhang Hospital 
and First People’s Hospital.

RNA isolation and qRT-PCR

RNA purity and concentration were investigat-
ed using a NanoDrop 1000 ultraviolet photo-
metric machine (Thermo Scientific, Wilmington, 
DE, USA). The purity of RNA was investigated 
through detecting the absorbances of samples 
at 260 and 280 nm and calculating the 
260/280 ratio (acceptable range 1.77-1.92). 
The differentially expressed amounts of miR-
222 in serum samples were validated in tripli-
cate by qRT-PCR. Briefly, 2 μg of total RNA was 
reverse-transcribed into cDNA using a miScript 
Reverse Transcription kit (Qiagen, Germany); 
the cDNA then served as the template for PCR 
amplification of PCR with sequence-specific 
primers (Sangon Biotech, Shanghai, China) 
using the SYBR PrimeScript miRNA RT-PCR kit 
(Takara Biotechnology Co. Ltd, Dalian, China) 
on the 7500 Real-Time PCR systems (Applied 
Biosystems, Carlsbad, CA, USA). The sequenc-
es of the primers were listed as follows: miR-
222, RT: 5’-GTCGTATCCAGTGCAGGGTCCGAG- 
GTATTCGCACTGGATACGACGAGACC-3’, forward 
primer: 5’-AGCTACATCTGGCTACTG-3’ and re- 
verse primer: 5’-GTGCAGGGTCCGAGGT-3’. Sy- 
nthetic Caenorhabditis elegans miRNA (Cel-
miR-39, Ambion, Austin, TX, USA) was used as 
the internal control for normalization [15]. The 
cycle threshold (CT) value was calculated. The 
2-ΔCT (ΔCT = CTmicroRNA-CTCel-miR-39) method was 
used to quantify the relative amount of serum 
miR-222 expression.

Statistical analysis 

Statistical analyses were performed using 
SPSS 13.0 soft-ware (Chicago, IL, USA) and 

Table 1. Demographic characteristics of BC 
group and control group

Characteristics BC group 
(n = 98)

Control group 
(n = 100) P value

Age (year) 0.795
    < 65 39 38
    ≥ 65 59 62
Gender 0.799
    Male 81 84
    Female 17 16
Smoking status 0.905
    Yes 41 41
    No 57 59
Drinking status 0.667
    Yes 52 50
    No 46 50



Serum miR-222 diagnoses human BC

8298 Int J Clin Exp Med 2018;11(8):8296-8302

GraphPad Prism 5 (GraphPad Software Inc., 
CA, USA). A Chi squared test or independent 
samples t test was conducted when appropri-
ate. Receiver-operating characteristic (ROC) 

The correlations between serum miR-222 lev-
els and clinicopathological characteristics of 
BC patients were recorded in Table 2. The resu- 
lts indicated that increased serum miR-222 

Figure 1. Serum miR-222 was upregulated in BC patients. A. Serum expres-
sion of miR-222 in the BC patients and the controls. B. ROC curve for detect-
ing the diagnostic value of serum miR-222 for BC patients.

Table 2. Association between serum expression of miR-222 and 
clinicopathological characteristics of BC patients

Characteristics Total number
Serum miR-222 expression

P value
Low (n = 71) High (n = 27)

Age (years) 0.205
    < 65 39 31 8
    ≥ 65 59 40 19
Gender 0.850
    Male 81 59 22
    Female 17 12 5
Smoking status 0.747
    Yes 41 29 12
    No 57 42 15
Drinking status 0.882
    Yes 52 38 14
    No 46 33 13
Tumor size (cm) 0.067
    < 3.5 51 41 10
    ≥ 3.5 47 30 17
Tumor stage < 0.001
    Ta + T1 (NMIBC) 63 54 9
    T2 + T3 (MIBC) 35 17 18
Tumor grade 0.063
    G1 27 22 5
    G2 28 23 5
    G3 43 26 17
Lymph node status 0.166
    N0 + N1 84 63 21
    N2 + N3 14 8 6
Distant metastasis 0.018
    Yes 27 9 18
    No 71 62 9

curves were produced to eval-
uate the potential values of 
using serum miR-222 expres-
sion as a diagnostic biomark-
er for predicting BC and dif- 
ferentiating MIBC from NMI- 
BC. When the Youden index 
(Youden index = sensitivity + 
specificity-1) reaches the ma- 
ximum value, the matched 
threshold value will generate 
the highest sum of sensitivity 
and specificity. The survival 
curves were obtained by Ka- 
plan-Meier analysis, and com-
pared using the log-rank test. 
The logistic regression analy-
sis was performed to identify 
factors that were indepen-
dently associated with OS. For 
all statistic = al tests in this re- 
search, P < 0.05 was consid-
ered significant.

Results

Serum miR-222 was upregu-
lated in BC patients

As shown in Figure 1A, the 
expression of serum miR-222 
in the BC group was found  
to be significantly higher th- 
an approximately 2.55-fold in 
comparison with that in the 
control group (P < 0.001). The 
ROC curve analysis was thus 
performed to investigate the 
diagnostic accuracy of serum 
miR-222 for BC diagnosis. 
The AUC of ROC curve of 
serum miR-222 was 0.857 
(95% CI: 0.802-0.913), and 
its specificity and sensitivity 
were 0.745 and 0.920 at a 
diagnostic threshold of 2.035, 
respectively (Figure 1B).

Serum miR-222 expression 
was associated with clinico-
pathological features of BC 
patients
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expression was closely related to tumor stage 
(P < 0.001) and distant metastasis (P = 0.018). 
However, no significant differences were found 
in age (P = 0.205), gender (P = 0.850), smoking 
status (P = 0.747), drinking status (P = 0.882), 
tumor size (P = 0.067), tumor grade (P = 0.063) 
and lymph node status (P = 0.166).

Serum miR-222 was upregulated in MIBC 
patients

As shown in Figure 2A, the expression of se- 
rum miR-222 in MIBC patients was found to  
be significantly higher than that in NMIBC pa- 
tients (P < 0.001). The ROC curve analysis  
was further performed to investigate the diag-
nostic accuracy of serum miR-222 for diffe- 
rentiating MIBC from NMIBC. The AUC of ROC 
curve of serum miR-222 was 0.799 (95% CI: 
0.706-0.892), with a sensitivity of 0.841, a 
specificity of 0.743 at a diagnostic threshold  
of 3.705, respectively (Figure 2B).

222. In univariate analysis, advanced tumor 
stage (P = 0.001), distant metastasis (P = 
0.004) and high serum miR-222 expression (P 
= 0.040) were associated with unfavorable 
prognosis of BC patients (Table 3). Multivariate 
logistic regression analysis revealed that serum 
miR-222 expression (P = 0.048) was an inde-
pendent prognosis factor for OS of BC patients 
(Table 4).

Discussion

To date, miRNAs were considered as key regu-
lators of gene expression, which were found to 
be involved in a large number of biological pro-
cesses, including epigenetic regulation, cell 
cycle and cell differentiation [16-18]. With the 
rapid development of diagnostic technology, 
expressions of circulating miRNAs could be 
easily detected in a wide variety of biofluid  
samples, including plasma, serum and urine. 
Identification of noninvasive and invasive char-
acteristics is of critical importance to select 
appropriate clinical management for BC pa- 
tients [19]. In the present study, comparison to 
healthy individuals, we found that serum ex- 
pression of miR-222 was obviously upregulated 
in BC patients. Our further investigations indi-
cated that the expression of serum miR-222 
was significantly higher in MIBC patients com-
pared with NMIBC patients.

MiR-222 has also been reported to be overex-
pressed in multiple kinds of neoplasms [20-
22]. Puerta-Gil et al. [23] indicated that miR-
222 expression was significantly correlated to 
tumor grade, tumor size, presence of carcino-
ma in situ, and clinical outcome end points in 
BC patients. Similar articles uncovered that 

Figure 2. Serum miR-222 was upregulated in MIBC patients. A. Serum ex-
pression of miR-222 in the patients with MIBC and NMIBC. B. ROC curve for 
detecting the diagnostic value of serum miR-222 for differentiating MIBC 
from NMIBC.

Figure 3. Serum miR-222 expression was associated 
with OS of BC patients. P value was calculated by log-
rank test.

Serum miR-222 expression 
was associated with progno-
sis of BC patients

To assess the association of 
serum miR-222 with the prog-
nosis of BC patients, Kaplan-
Meier estimator analysis and  
the log-rank test were per-
formed. As shown in Figure  
3, BC patients with high se- 
rum expression of miR-222 
had a significantly reduced  
OS compared with those with 
low serum expression of miR-
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high miR-222 level in BC tissues was closely 
associated with tumor grade and tumor stage, 
which could be regarded as a predictor for  
BC patients [12]. In this study, we found a con-
sistent conclusion that high-expressed miR-
222 in serum samples was significantly associ-
ated with tumor stage and distant metastasis 
of BC patients.

MIBC was regarded as an extremely malignant 
type in BC, often with a poor prognosis for 
patients. Compared to patients with tumors of 
Ta and T1 stage, patients with MIBC often had 
lower body mass index, lower haemoglobin 

tients. From clinical perspective, these results 
verified that serum miR-222 might function as 
a potential biomarker in the diagnosis and 
prognosis of BC, as well as a diagnostic tool for 
differentiating MIBC from NMIBC in the near 
future.
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Table 3. Univariate logistic regression analysis of factors 
associated with OS of BC patients

Characteristics
Univariate analysis

Risk ratio 95% CI P value
Age (years)
     < 65 vs. ≥ 65 1.977 0.862-4.535 0.108
Gender
    Male vs. Female 0.427 0.138-1.323 0.140
Smoking status
    Yes vs. No 0.693 0.309-1.553 0.373
Drinking status
    Yes vs. No 0.704 0.316-1.566 0.389
Tumor size (cm)
    < 3.5 vs. ≥ 3.5 2.030 0.899-4.584 0.088
Tumor stage
    Ta + T1 vs. T2 + T3 4.773 1.966-11.585 0.001
Tumor grade
    G1 + G2 vs. G3 0.675 0.402-1.134 0.137
Lymph node status
    N0 + N1 vs. N2 + N3 2.400 0.741-7.776 0.144
Distant metastasis
    Yes vs. No 0.243 0.093-0.633 0.004
Serum miR-222 expression
    High vs. Low 0.383 0.153-0.956 0.040

Table 4. Multivariate logistic regression analysis of factors 
associated with OS of BC patients

Characteristics
Multivariate analysis

Risk ratio 95% CI P value
Tumor stage
    Ta + T1 vs. T2 + T3 0.222 0.082-0.601 0.003
Distant metastasis
    Yes vs. No 0.555 0.260-1.186 0.128
Serum miR-222 expression
    High vs. Low 0.476 0.228-0.993 0.048

concentration, longer history of hae-
maturia and longer time interval from 
first symptom to diagnosis [24]. Mas- 
sari et al. [25] showed that patients 
with low expression of beta-tubulin-
3/c-Myc had statistically significant 
better 2-year disease-free survival 
than those with mixed expression or 
double high expression, indicating 
that Beta-Tubulin-3 and c-Myc were 
prognostic markers in MIBC. Silvers et 
al. [26] demonstrated that periostin, 
an extracellular matrix protein overex-
pressed in many human cancers, was 
associated with poor clinical out-
comes of patients with MIBC through 
affecting the surrounding tumor mic- 
roenvironment and subsequently pro- 
moting cancer progression. The pres-
ent study showed that serum miR- 
222 expression in MIBC patients was 
significantly increased than that in 
NMIBC patients, indicating that se- 
rum miR-222 can be considered as a 
promising non-invasive marker for dif-
ferentiation of MIBC from NMIBC.

In conclusion, in spite of the above 
limitations, this study provided prom-
ising evidences that serum expres-
sion of miR-222 was obviously higher 
in BC patients than those in healthy 
controls. Besides, we also found that 
high expression of serum miR-222 
was significantly correlated to poor 
clinicopathological features and pr- 
ognosis of BC patients. Intriguing, 
subsequent investigations illustrated  
that the expression of serum miR-222 
was markedly upregulated in MIBC 
patients compared with NMIBC pa- 
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