
Observational Study Medicine®

OPEN
Upregulation of microRNA
-191 can serve as an
independent prognostic marker for poor survival
in prostate cancer
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Abstract
MicroRNA-191 (miR-191) has been identified as being upregulated in several types of cancers, and plays the role of oncogene. The
expression of miR-191 has been found to be upregulated in prostate cancer tissues as well as cell lines. In this study, we analyzed the
correlation of miR-191 expression with clinicopathologic factors and prognosis in prostate cancer.
Prostate cancer tissue samples and adjacent normal prostate tissue samples were collected from 146 patients who underwent

laparoscopic radical prostatectomy between April 2013 and March 2018. Student two-tailed t-test was used for comparisons of 2
independent groups. The relationships between miR-191 expression and different clinicopathological characteristics were evaluated
using the Chi-squared test. Kaplan–Meier survival plots and log-rank tests were used to assess the differences in overall survival of
the different subgroups of prostate cancer patients.
miR-191 expression was significantly higher in prostate cancer tissues compared with normal adjacent prostate tissues (P< .001).

miR-191 expression was observed to be significantly correlated with Gleason score (P< .001), pelvic lymph node metastasis
(P= .006), bone metastases (P< .001), and T stage (P= .005). Kaplan–Meier analysis showed that patients with higher levels of miR-
191 had significantly poorer survival than those with lower expression of this miRNA in prostate cancer patients (log rank test,
P= .011). Multivariate analysis revealed that miR-191 expression (hazard ratio [HR]=2.311, 95% confidence interval, [CI]: 1.666–
9.006; P= .027) was independently associated with the overall survival of prostate cancer patients.
Our results demonstrated that miR-191 might serve as an independent prognostic indicator for prostate cancer patients.

Abbreviations: HCC = hepatocellular carcinoma, miRNAs= microRNAs.
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1. Introduction

Prostate cancer is the most common cancer among western males
and is the second-leading cause of cancer deaths among American
males.[1] With the popularity of serum prostate specific antigen
(PSA) screening, the incidence of prostate cancer is increasing
year by year, especially in developing countries. Radical
prostatectomy, including open and laparoscopic radical prosta-
tectomy, is the standard treatment regimen for localized prostate
cancer or oligometastatic prostate cancer.[2] Most patients with
prostate cancer require endocrine adjuvant therapy after radical
prostatectomy, and almost all of them will experience a
recurrence of this disease and eventually develop into hor-
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mone-resistant prostate cancer. Serum PSA monitoring is the
most important means of postoperative management, but it
cannot predict high-risk patients.[6] Therefore, we need new
prognostic markers to guide postoperative treatment.
MicroRNAs (miRNAs) are a class of small, noncoding,

endogenous single-stranded RNAs that modulate gene expres-
sion by binding to the 3’-untranslated region of target messenger
RNAs (mRNAs).[7] miRNAs participate in many physiological
processes, including cell proliferation, differentiation, apoptosis,
and metabolism. Dysregulation of miRNA expression has been
identified in various cancers, and miRNAs act as oncogenes or
tumor suppressors in different types of cancers.[8–10]

MicroRNA-191 (miR-191) has been identified as being
upregulated in several types of cancers, and plays the role of
oncogene, including hepatocellular carcinoma (HCC),[11] breast
cancer,[12] cholangiocarcinoma,[13] gastric adenocarcinoma,[14]

and colorectal carcinoma (CRC).[15] The expression of miR-191
has been found to be upregulated in prostate cancer tissues as well
as cell lines. Furthermore, miR-191 was able to regulate prostate
cancer cell growth and invasion via targeting tissue inhibitor of
metalloprotease 3 (TIMP3).[16] In this study, we analyzed the
correlation of miR-191 expression with clinicopathologic factors
and prognosis in prostate cancer.

2. Materials and methods

2.1. Patients and tissue samples

Prostate cancer tissue samples and adjacent normal prostate
tissue samples were collected from 146 patients who underwent
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Figure 1. Relative miR-191 expression levels between prostate cancer tissues
and adjacent normal prostate tissues. miR-191=microRNA-191.
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laparoscopic radical prostatectomy between April 2013 and
March 2018 in the Department of Urology, Dongzhimen
Hospital, Beijing University of Chinese Medicine. No patient
received any preoperative chemotherapy, endocrine therapy, or
radiotherapy. Samples were snap frozen in liquid nitrogen and
stored at�80°C for future isolation of RNA. The prostate cancer
tissue specimens were subjected to histological examination by 2
pathologists for Gleason grading and TNM staging. The
pathological type of all the 146 patient samples is prostate
adenocarcinoma. The use of tissues for this study has been
approved by the ethics committee of Dongzhimen Hospital,
Beijing University of Chinese Medicine, and each patient have
given prior written informed consent and approval.

2.2. RNA isolation and quantitative real-time PCR

Total RNA from prostate cancer tissue samples and adjacent
normal prostate tissue samples were extracted using Trizol
reagent (Invitrogen). ThemiR-191 expression level wasmeasured
by using TaqMan miRNA detection kit (Applied Biosystems,
Foster, CA), according to the instructions provided by the
manufacturer. RNA samples were reversely transcribed with
miRNA-specific primers from TaqMan miRNA Reverse Tran-
scription Kit (Applied Biosystems, New York). Real-time
polymerase chain reaction (RT-PCR) was performed with a
TaqMan probe, which ensures discrimination of even 1
nucleotide difference, by using 7300 sequence detection system
(Applied Biosystems). The U6 was chosen as the endogenous
normalizer. Each sample was analyzed in triplicate. The primers
were synthesized as follows: miR-191-Fwd, 5’-TGCGGCAACG-
GAATCCCAA AAGC-3’; U6-Fwd, 5’-TGCGGGTGCTCGC-
TTCGGCAGC-3’; and a universal antisense primer reverse, 5’-
CCAGTGCAGGGTCCGAGGT-3’.

2.3. Statistical analysis

Student two-tailed t-test was used for comparisons of 2
independent groups. The relationships between miR-191 expres-
sion and different clinicopathological characteristics were
evaluated using the Chi-squared test. Kaplan–Meier curves were
constructed to determine the patient overall survival rates.
Kaplan–Meier survival plots and log-rank tests were used to
assess the differences in overall survival of the different subgroups
of prostate cancer patients. The associations between prostate
cancer prognosis and clinical parameters were first analyzed by
univariate analysis, and those significantly differing were enrolled
inmultiple logistic regressionwith a forward stepwise procedure to
identify independent risk factors for prognosis in prostate cancer.
P< .05 was considered statistically significant. All statistical
analyses were performed using the Statistical Package of the
Social Sciences software (SPSS Inc, Chicago, IL) version 22.0.
3. Results

3.1. The expression level of miR-191 in clinical prostate
cancer tissues and adjacent normal tissues

We analyzed the expression levels of miR-191 in 146 pairs of
prostate cancer samples and normal adjacent samples from 146
patients with prostate cancer. As revealed by quantitative RT-
PCR analysis, miR-191 expression was significantly higher in
prostate cancer tissues compared with normal adjacent prostate
tissues (P< .001, shown in Fig. 1). The 146 prostate cancer
2

patients were classified into 2 groups according to the median of
miR-191 expression level as determined by quantitative RT-PCR.
Seventy-six cases were placed in the high expression group and 70
in the low expression group.

3.2. Correlations of miR-191 expression with
clinicopathologic features of patients with prostate cancer

The correlations of miR-191 expression with clinicopathologic
features of patients with prostate cancer were statistically
analyzed. As shown in Table 1, miR-191 expression level was
observed to be significantly correlated with Gleason score
(P< .001), pelvic lymph node metastasis (P= .006), bone
metastases (P< .001), and T stage (P= .005). However, there
were no significant correlations between miR-191 expression
level and other clinicopathologic factors, including age, preoper-
ative PSA level, and surgical margin status (all P> .05).

3.3. Relationship between miR-191 expression and
prostate cancer patients’ survival

To evaluate whether miR-191 expression can predict prostate
cancer prognosis, we next performed survival analysis. Kaplan–
Meier analysis showed that patients with higher levels of miR-
191 had significantly poorer survival than those with lower
expression of this miRNA in prostate cancer patients (log rank
test, P= .011; shown in Fig. 2). However, Kaplan–Meier analysis
showed that the preoperative PSA levels could not predict
survival in prostate cancer patients (log rank test, P= .275; shown
in Fig. 3). Univariate and multivariate analyses were utilized to
evaluate whether the miR-191 expression level and various
clinicopathological features were independent prognostic pa-
rameters of prostate cancer patient outcomes. Multivariate
analysis revealed that miR-191 expression (HR=2.311, 95%CI:
1.666–9.006; P= .027) was independently associated with the
overall survival of prostate cancer patients (shown in Table 2).

4. Discussion

PSA testing is widely used in the clinic for the diagnosis and
postoperative follow-up of prostate cancer, but it is not sufficient



Table 1

Association between microRNA-191 expression and clinicopatho-
logical parameters of prostate cancer.

Clinical features Case number miR-191 expression level P
High (n=76) Low (n=70)

Age
<65 65 30 35 .244
≥65 81 46 35

Preoperative PSA level (ng/mL)
<10 59 29 30 .614
≥10 87 47 40

Gleason score
<7 67 21 46 <.001
≥7 79 55 24

Pelvic lymph node metastasis
Present 55 37 18 .006
Absent 91 39 52

Bone metastases
Present 22 20 2 <.001
Absent 124 56 68

Surgical margin status
Positive 38 22 16 .453
Negative 108 54 54

T stage
T1/T2 100 44 56 .005
T3/T4 46 32 14

miR-191=microRNA-191.
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for an accurate early diagnosis and prognosis. Moreover, some
factors including benign prostatic hyperplasia, glandular inflam-
mation, drug therapy, and the finger test can directly affect serum
PSA levels.[17,18] Current techniques are limited to distinguish the
prostate cancer patients that are most at risk of metastasis and
Figure 2. Kaplan–Meier survival curves for patients with prostate cancer
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death. Therefore, the novel, specific, and efficient diagnostic and
prognostic biomarkers for prostate cancer are needed for
prediction of aggressive prostate cancer and improvement of
clinical outcome of prostate cancer patients. miRNAs can
contribute to cancer development and progression and are
differentially expressed in normal tissues and cancer tissues.[19]

Deregulated miRNA expression has been reported in many
cancer types, including prostate cancer. Many studies have
shown that the specific expression of miRNAs in cancer tissues
can be used as a prognostic factor for prostate cancer.[20,21]

miR-191 has been viewed as an oncomiR in several types of
cancers. For example, Elyakim et al[11] found that miR-191 was
upregulated in HCC tissues and inhibition of miR-191 decreased
cell proliferation and induced apoptosis in vitro and significantly
reduced tumor masses in vivo in an orthotopic xenograft mouse
model of HCC. Additionally, miR-191 was found to be
upregulated by a dioxin, a known liver carcinogen, and was
found to be a regulator of a variety of cancer-related path-
ways.[11] Nagpal et al[12] showed that miR-191 functioned as an
oncogenic regulator in human breast cancer. miR-191-mediated
enhanced cell proliferation and migration were partly dependent
on targeted downregulation of special AT rich sequence binding
protein 1.[12] Kang et al[13] found that miR-191 was upregulated
in cholangiocarcinoma cell lines and patients. Knockdown of
miR-191 by transfection of its inhibitor sequence blocked
cholangiocarcinoma cells viability and induced apoptosis of
cholangiocarcinoma cells. Furthermore, miR-191 regulatedWnt/
b-catenin signaling pathway via secreted frizzled-related protein-
1.[13] Shi et al[14] found that miR-191 was at a high-expression
level in human gastric adenocarcinoma cell line and human
gastric cancer tissues. miR-191 could promote cell growth
and suppress apoptosis of gastric adenocarcinoma cells. The
expressing high and low levels of miR-191. miR-191=microRNA-191.
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Figure 3. Kaplan–Meier survival curves for prostate cancer patients with high and low levels of preoperative PSA level. miR-191=microRNA-191.
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N-deacetylase/N-sulfotransferase 1 was confirmed to be a direct
target gene of miR-191 by enhanced green fluorescent protein
reporter experiment.[14] Qin et al[15] demonstrated that high miR-
191 expression was associated with clinical stage, lymph node
metastasis, liver metastasis, and depth of tumor invasion of CRC.
Furthermore, they found that TIMP3 was a direct target of miR-
191 in colorectal cancer SW620 cells.[15] The prognostic value of
miR-191 in various cancer types have also been investigated. For
example, in the study by Gao et al,[22] Kaplan–Meier and Cox
regression analyses demonstrated that overexpression of miR-191
was an independent and significant predictor of esophageal
squamous cell carcinoma prognosis. Song et al[23] found that the
expression of miR-191 closely associated with the tumor size,
pTNM stage, lymph node metastasis and perineural invasion, and
poor prognosis of pancreatic cancer. In the study by Qin et al,[15]

Kaplan–Meier analysis indicated that patients with high miR-191
Table 2

Univariate and multivariate survival analysis of overall survival in 146

Univariate analysis

Clinical features Hazard ratio 95% CI

Age 1.372 0.733–2.936
Preoperative PSA level 1.555 0.883–3.839
Gleason score 2.192 1.293–8.019
Pelvic lymph node metastasis 2.884 1.826–10.923
Bone metastases 2.913 1.923–10.526
Surgical margin status 1.923 1.077–8.335
T stage 2.166 1.568–7.339
miR-191 expression level 2.202 1.472–10.201

miR-191=microRNA-191.
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expression had a poor overall survival in colorectal cancer.
Moreover, multivariate analysis showed that miR-191 was an
independent prognostic factor in patientswith colorectal cancer.[15]

The expression of miR-191 has been found to be upregulated
in prostate cancer tissues as well as cell lines. Furthermore, miR-
191 has been found to be able to regulate prostate cancer cell
growth and invasion via targeting TIMP3.[16] However, the
clinicopathologic value and prognosis of miR-191 expression in
prostate cancer have not been investigated. In the present study,
we analyzed the expression levels of miR-191 in 146 pairs of
prostate cancer samples and normal adjacent samples from 146
patients with prostate cancer. As revealed by quantitative RT-
PCR analysis, miR-191 expression was significantly higher in
prostate cancer tissues compared with normal adjacent prostate
tissues. The correlations of miR-191 expression with clinico-
pathologic features of patients with prostate cancer were
prostate cancer patients.

Multivariate analysis

P Hazard ratio 95% CI P

.373 – – –

.108 – – –

.038 2.337 1.385–7.382 .029

.019 2.455 1.911–9.033 .011

.007 2.812 1.673–10.003 .009

.037 1.882 1.444–9.001 .048

.041 2.134 1.604–10.733 .031

.033 2.311 1.666–9.006 .027
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statistically analyzed. miR-191 expression level was observed to
be significantly correlated with Gleason score, pelvic lymph node
metastasis, bonemetastases, and T stage. However, there were no
significant correlations between miR-191 expression level and
other clinicopathologic factors, including age, preoperative PSA
level, and surgical margin status. To evaluate whether miR-191
expression can predict prostate cancer prognosis, we next
performed survival analysis. Kaplan–Meier analysis showed
that patients with higher levels of miR-191 had significantly
poorer survival than those with lower expression of this miRNA
in prostate cancer patients. Univariate and multivariate analyses
were utilized to evaluate whether the miR-191 expression level
and various clinicopathological features were independent
prognostic parameters of prostate cancer patient outcomes.
Multivariate analysis revealed that miR-191 expression was
independently associated with the overall survival of prostate
cancer patients. The limitation of the present study was that we
have not shown the miRNA in situ hybridization to clarify miR-
191 expression in prostate cancer tissue compared with normal
adjacent tissue, and only statistics data was not enough.
In conclusions, our results demonstrated that miR-191may serve

as an importantprognostic indicator forprostate cancerpatients and
more studies are needed to confirm our findings in the future.
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