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Serum miR-185 Is a Diagnostic
and Prognostic Biomarker
for Non-Small Cell Lung Cancer

Jinghao Liu, MD1, Yueting Han, MD2, Xingyu Liu, MD1,
and Sen Wei, MD1

Abstract
Objective: MicroRNAs (miRNAs) have been found to play important roles in the development of non-small cell lung carcinoma
(NSCLC). The aim of this study was to analyze the expression and clinical value of serum miR-185 in NSCLC. Methods: Serum
miR-185 levels were detected in 146 NSCLC patients, 50 patients with carcinoma in situ, 25 patients with non-malignant lung
diseases (NMLD), and 80 healthy controls using quantitative reverse transcription PCR. The correlation between serum miR-185
level and clinical status of NSCLC was explored. Results: The results revealed that serum miR-185 expression was progressively
decreased in healthy controls, patients with NMLD, patients with carcinoma in situ and NSCLC patients. In addition, compared to
carcinoembryonic antigen (CEA), serum miR-185 demonstrated better diagnostic accuracy for discriminating patients with
carcinoma from healthy controls, NSCLC patients from healthy controls and NSCLC patients from patients with carcinoma in
situ. In addition, serum miR-185 levels were significantly elevated in post-treated samples compared to the pre-treated samples.
Moreover, reduced serum miR-185 was closely associated with unfavorable clinicopathological parameters and worse survival.
Univariate and multivariate cox regression analysis confirmed that serum miR-185 was an independent prognostic indicator for
NSCLC. Conclusions: Collectively, our findings have demonstrated that serum miR-185 might serve as a promising and robust
biomarker for the early detection and prognosis prediction of NSCLC.
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Introduction

Non-small-cell lung cancer (NSCLC) accounts for about

80-85% of lung cancer, which is the most frequent cause of

cancer-related death worldwide.1,2 In 2018, it was reported that

there were more than 2 million new cases and more than

1.7 million new deaths of lung cancer.3 As no obvious symp-

toms can be detected or observed at the early stages, most of

NSCLC patients are diagnosed at the advanced stages when

local/distant metastasis has occurred. Despite clinical treatment

strategies have been significantly improved over the past few

decades, the overall 5-year survival rate of NSCLC remains

very dismal.4,5 Thus, it is urgent to identify novel and reliable

biomarkers for the diagnosis and prognosis prediction of

NSCLC.

MicroRNAs (miRNAs) are a class of single stranded small

non-coding RNAs that regulate gene expression at the post-

transcriptional level by binding to the 3’-untranslated region

(3’-UTR) of target mRNAs, resulting in translational suppres-

sion or degradation.6,7 MiRNAs are found to involve in various

biological processes, such as cell proliferation, growth, differ-

entiation, apoptosis, transformation and cell metabolism.8

Accumulating evidence have shown that miRNAs can be stably

detected in the blood samples, and are promising candidate
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biomarkers for NSCLC diagnosis, treatment and prognosis pre-

diction. For instance, Wang et al found that serum miR-411

levels were highly expressed in patients with NSCLC. In addi-

tion, serum miR-411 upregulation predicted poor prognosis of

NSCLC.9 Conversely, Sun et al reported that low serum

miR-770 expression occurred more frequently in NSCLC.

Downregulation of serum miR-770 was significantly associ-

ated with shorter survival and aggressive clinical parameters.10

MiR-185 have been previously identified as a tumor sup-

pressive miRNA in NSCLC.11-14 However, currently little

information is available for the potential clinical value of serum

miR-185 in NSCLC. Here, the aim of this study was to measure

the expression level of serum miR-185 in NSCLC, and then

further explore its potential diagnostic and prognostic value.

Material and Methods

Ethics Statement

This study was approved by the Ethics Committee of Tianjin

Medical University General Hospital (Approval number:

2015066) and written informed consent was obtained from

each participant. All specimens were handled and made anon-

ymous according to the ethical and legal standards.

Study Population and Clinical Samples

The current study included 146 patients with NSCLC, 50

patients with carcinoma in situ, 25 patients with non-

malignant lung diseases (NMLD) and 80 healthy controls. The

cases in the above 4 groups were age and gender matched. All

NSCLC patients were staged based on American Joint Com-

mittee on Cancer (AJCC) tumor-node-metastasis (TNM) sta-

ging system. Patients who had received any treatment prior to

first-time blood sample collection were excluded from this

study. 115 NSCLC patients received surgery and chemo/radio-

therapy, while the remaining 31 cases received chemo/radio-

therapy. The demographic characteristics of NSCLC patients

were shown in Table 1. Clinical follow-up was available for all

patients. Overall survival (OS) was defined as the time from

diagnosis to death. Recurrent free survival (RFS) was defined

as the time from diagnosis to recurrence.

Up to 5 mL whole blood samples were obtained from all the

participants. For the NSCLC patients receiving surgery resec-

tion þ chemo/radiotherapy, the post-treated blood samples

were collected 4 weeks after the surgery. For the NSCLC

patients receiving only chemo/radiotherapy, the post-treated

blood samples were collected after 4 chemotherapy cycles. The

blood samples were centrifugated at 2500 g for 10 min. Then

the supernatants were collected and stored at �80�C until fur-

ther analysis.

RNA Isolation and Quantitative Reverse Transcription
PCR

Total RNA was extracted from 200 mL serum sample using

mirVana miRNA isolation Kit (Applied Biosystems, Foster

City, CA, USA) according to the manufacturer’s protocol. The

RNA purity and concentration were determined with a Nano-

Drop ND-1000 spectrophotometer (NanoDrop Technologies,

Wilmington, DE, USA). Reverse transcription was performed

using The PrimeScript RT reagent kit (Takara, Dalian, China).

Cycle amplification was carried out using SYBR Premix Ex

TaqTM II (Takara) with ABI PRISM 7900 Sequence Detection

System (Applied Biosystems). The conditions of PCR ampli-

fication were: denaturation at 95�C for 10 min, followed by 40

cycles of 95�C for 15 sec and 60�C for 1 min. During the RNA

isolation procedure, cel-miR-39 was added to each sample as a

spike-in control. Each sample was measured in triplicate,

and the relative serum miR-185 expression was calculated

using 2–DDCt method. The primers were as follows: miR-185

forward: 50-CAATGGAGAGAAAGGCAGTTCC-30, miR-185

reverse: 50-AATCCATGAGAGATCCCTACCG-30; cel-miR-

39 forward: 50-UCACCGGGUGUAAAUC AGCUUG-30. The

reverse primer of cel-miR-39 was a universal reverse primer.

Carcinoembryonic Antigen (CEA) Assay

Serum levels of CEA were detected using Human Carcino

Embryonic Antigen ELISA Kit (Abcam, Cambridge, MA,

USA) based on the manufacturer’s instructions. Each sample

was repeated 3 times.

Table 1. The Correlations Between Serum miR-185 Expression and

Clinical Parameters in NSCLC.

Parameters Number

Serum miR-185

expression

PLow High

Gender 0.169

Male 94 51 43

Female 52 22 30

Age 0.615

<60 85 44 41

�60 61 29 32

Smoking status 0.376

Never 47 21 26

Ever 99 52 47

Histology 0.499

AD 88 42 46

SCC 58 31 27

Differentiation 0.052

Well 11 4 7

Moderate 84 36 44

Poor 51 33 18

Lymph node metastasis 0.003

Negative 68 25 43

Positive 78 48 30

Tumor size 0.021

<5 cm 110 49 61

� 5 cm 36 24 12

TNM stage <0.001

I/II 92 35 57

III/IV 54 38 16

AD: adenocarcinoma; SCC: squamous cell carcinoma.
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Statistical Analysis

Statistical analysis was performed with the GraphPad Prism

8.0.2 (GraphPad Software, San Diego, CA, USA) and MedCalc

19.0.7 (MedCalc Software, Ostend, Belgium). The serum

miR-185 levels in different groups were analyzed by the

Mann-Whitney U test or Kruskal-Wallis test. The chi-square

test was performed to evaluate the association between serum

miR-185 levels and clinicopathological characteristics. The

area under the receiver operating characteristic (ROC) curve

(AUC) value was used to evaluate the diagnostic efficacy of

serum miR-185. OS and RFS rates were analyzed by the

Kaplan-Meier analysis, and log-rank test was used to compare

the differences. Univariate and multivariate s were performed

to identify the independent prognostic indicators. P < 0.05 was

considered to indicate a statistically significant difference.

Results

Serum miR-185 Expression in NSCLC Patients and
Controls

The qRT-PCR was performed to detect serum miR-185

expression levels in all participants. The serum miR-185

expression levels were progressively reduced in healthy con-

trols, patients with NMLD, patients with carcinoma in situ

and patients with NSCLC. However, no significant difference

was observed between patients with NMLD and healthy con-

trols (***P < 0.001, Figure 1A). Compared to CEA (AUC ¼
0.687, 95%CI¼ 0.600-0.766, sensitivity¼ 82.0%, specificity¼
53.7%), serum miR-185 exhibited better performance for dis-

criminating patients with carcinoma in situ from healthy con-

trols, with an AUC value of 0.790 (95%CI ¼ 0.709-0.856,

Figure 1. Serum miR-185 was reduced in NSCLC. (A) The expression level of serum miR-185 was progressively decreased in healthy controls,

patients with carcinoma in situ and patients with NSCLC. (B) The diagnostic values of CEA, serum miR-185, and CEA þ serum miR-185 for

differentiating patients with carcinoma in situ from healthy controls. (C) The diagnostic values of CEA, serum miR-185, and CEA þ serum

miR-185 for identifying NSCLC patients from healthy controls. (D) The diagnostic values of CEA, serum miR- 185, and CEAþ serum miR-185

for identifying NSCLC patients from patients with carcinoma in situ.

Liu et al 3



sensitivity ¼ 68.0%, specificity ¼ 78.7%). Combing serum

miR-185 and CEA slightly increased the AUC value to 0.808

(95%CI ¼ 0.730-0.872, sensitivity ¼ 86.0%, specificity ¼
70.0%) (Figure 1B). Similarly, the AUC values of CEA,

serum miR-185 and CEA þ serum miR-185 for discriminating

NSCLC patients from healthy controls were 0.721 (95%CI ¼
0.657-0.778, sensitivity ¼ 63.7%, specificity ¼ 75.0%), 0.932

(95%CI ¼ 0.892-0.962, sensitivity ¼ 97.3%, specificity ¼
75.0%) and 0.942 (95%CI ¼ 0.903-0.969, sensitivity ¼
92.5%, specificity ¼ 78.7%), respectively (Figure 1C). The

AUC values of CEA, serum miR-185 and CEA þ serum

miR-185 for differentiating NSCLC patients from patients

with carcinoma in situ were 0.594 (95%CI ¼ 0.521-0.663, sen-

sitivity ¼ 22.0%, specificity ¼ 98.0%), 0.762 (95%CI ¼ 0.696-

0.820, sensitivity ¼ 46.6%, specificity ¼ 96.0%) and 0.784

(95%CI ¼ 0.720-0.839, sensitivity ¼ 63.7%, specificity ¼
80.0%), respectively (Figure 1D).

Serum miR-185 Expression and Clinical Variables
in NSCLC

Compared to the respective controls, the expression levels

of serum miR-185 were significantly lower in the NSCLC

patients with lymph node metastasis, at the advanced stage

or with poor differentiation (Figure 2A-C, P < 0.001). The

association between serum miR-185 expression and clinical

parameters of NSCLC was then analyzed. All NSCLC sam-

ples were divided into low serum miR-185 expression

group (n ¼ 73) and high serum miR-185 expression group

(n ¼ 73) according to the median serum miR-185 level. As

shown in Table 1, serum miR-185 expression was associ-

ated with tumor size (P ¼ 0.021), lymph node metastasis

(P ¼ 0.003) and TNM stage (P < 0.001). However, no

significant correlation was observed between serum

miR-185 expression and other clinicopathological features,

such as gender (P ¼ 0.169), age (P ¼ 0.615), smoking

status (P ¼ 0.376), histology (P ¼ 0.499) and differentia-

tion (P ¼ 0.052).

Serum miR-185 Level Was Increased Following
Treatments

The expression levels of serum miR-185 were compared

between paired pre- and post-treated samples. Our results

showed that the serum miR-185 levels were markedly

increased in the post-treated samples from the patients receiv-

ing surgery and chemo/radiotherapy (***P < 0.001,

Figure 3A). The expression level of serum miR-185 was also

increased in those receiving only chemo/radiotherapy

(**P < 0.01, Figure 3B), but to a lesser extent. In the patients

receiving only chemo/radiotherapy, 19 cases were sensitive to

the treatments, while the remaining 12 cases were resistant to

the therapy. For responders, the level of serum miR-185 was

significantly increased following chemo/radiotherapy

(***P < 0.001, Figure 3C). However, no significant different

was found for serum miR-185 between the pre-treated and

post-treated serum samples for non-responders (Figure 3D).

Prognostic Value of Serum miR-185 Expression in NSCLC

Kaplan-Meier survival analysis demonstrated that the OS rate

was higher in the high serum miR-185 expression group than in

the low serum miR-185 expression group (P¼ 0.004, Figure 4A).

Similarly, NSCLC patients in the low serum miR-185 expres-

sion group had shorter RFS compared to those in the high

serum miR-185 expression group (P ¼ 0.036, Figure 4B).

Univariate analysis showed that serum miR-185 expression

(HR ¼ 3.83, 95% CI ¼ 1.57-6.32, P ¼ 0.011), lymph node

metastasis (HR ¼ 3.12, 95% CI ¼ 1.33-5.18, P ¼ 0.019), and

TNM stage (HR ¼ 4.27, 95% CI ¼ 1.76-7.03, P ¼ 0.006)

significantly affected OS of NSCLC patients. Multivariate anal-

ysis confirmed that serum miR-185 expression (HR¼ 3.62, 95%
CI¼ 1.43-6.08, P¼ 0.013), lymph node metastasis (HR¼ 3.45,

95% CI ¼ 1.40-5.66, P ¼ 0.015), and TNM stage (HR ¼ 4.67,

95% CI ¼ 1.88-7.60, P ¼ 0.002) were independently associated

with the OS (Table 2). Similarly, serum miR-185 expression

(HR ¼ 2.47, 95% CI ¼ 1.08-4.25, P ¼ 0.039) and TNM stage

Figure 2. The correlation between serum miR-185 and clinical parameters of NSCLC. (A-C) The expression level of serum miR-185 was

dramatically lower in the NSCLC cases with lymph node metastasis, at the advanced stage or with poor differentiation.
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Figure 3. Serum miR-185 was increased in NSCLC patients following treatment. (A) Serum miR-185 level was significantly upregulated in the

patients receiving surgery and chemo/radiotherapy. (B) The expression level of serum miR-185 was also increased in the NSCLC cases

receiving only chemo/radiotherapy, but to a lesser degree. (C) For responders, the level of serum miR-185 was significantly increased following

chemo/radiotherapy. (D) No significant different was found for serum miR-185 between the pre-treated and post-treated serum samples for non-

responders.

Figure 4. The association between serum miR-185 and survival of NSCLC. (A-B) The patients in the low serum miR-185 expression group had

significantly shorter OS and RFS than those in the high serum miR- 185 expression group.

Liu et al 5



(HR ¼ 3.16, 95% CI ¼ 1.32-5.37, P ¼ 0.014) were the inde-

pendent prognostic factors for the RFS of NSCLC (Table 3).

Discussion

To the best of our knowledge, this is the first study to assess the

diagnostic and prognostic value of serum miR-185 in NSCLC.

We have demonstrated that serum miR-185 expression was

significantly lower in NSCLC and showed good performance

for the early detection of NSCLC. In addition, serum miR-185

levels were remarkably increased following treatments. More-

over, reduced serum miR-185 expression was strongly associ-

ated with worse clinical parameters and shorter survival. Serum

miR-185 expression was an independent prognostic indicator

for NSCLC. These data suggest that serum miR-185 might

serve as a promising diagnostic and prognostic biomarker for

NSCLC.

Our findings were in line with previous studies. For

instance, miR-185 expression was significantly decreased both

in NSCLC tissues and cell lines. Enforced miR-185 expression

greatly inhibited cancer cell proliferation, invasion and migra-

tion in vitro and attenuated tumor growth in vivo by targeting

SOX9 and AKT1.11,12 Likewise, Zhou et al revealed that

miR-185 was markedly downregulated in cancerous tissues and

cell lines. Overexpression of miR-185 significantly inhibited

carcinogenesis of NSCLC and increased the chemo-sensitivity

of cancer cells through regulating SOX13.13 Zhao et al showed

that reduced miR-185 expression was correlated with lymph

node metastasis. Restoration of miR-185 suppressed the

epithelial-mesenchymal transition (EMT) process in vitro and

restrained tumor growth in the xenograft model.14

MiR-185 have also been demonstrated to play a tumor sup-

pressive role in many other cancer types. Reduced miR-185

expression was found in breast cancer tissues. In addition,

miR-185 overexpression greatly restrained cell proliferation

and stimulated cell apoptosis by degrading c-Met expression.15

MiR-185 expression was decreased both in hepatocellular car-

cinoma (HCC) tissues and cell lines. Reduced miR-185 expres-

sion was closely associated with poor prognosis of HCC.

Enforced expression of miR-185 markedly suppressed the

tumorigenesis of HCC by targeting Six2, CDC42 or DNMT1,

and vice versa.16-18 Similarly, miR-185 was reduced in gastric

cancer, and its downregulation was correlated with worse clin-

ical variables. In vitro and in vivo evidence revealed that

enforced miR-185 expression dramatically attenuated cell pro-

liferation, metastasis and promoted cell apoptosis.19,20 Jing

et al showed that miR-185 levels were significantly lower in

esophageal squamous cell carcinoma (ESCC) patients com-

pared to controls. Ectopic expression of miR-185 inhibited the

oncogenic behaviors of ESCC cells in vitro and in vivo through

regulating RAGE.21 Qu and colleagues demonstrated that upre-

gulation of miR-185 not only suppressed the invasion and

migration of prostate cancer cell in vitro, but also inhibited

tumorigenicity in vivo.22 In colorectal cancer (CRC),

miR-185 expression was remarkably decreased in CRC cell

lines. In vitro analysis showed that enforced miR-185 expres-

sion significantly inhibited tumorigenesis of CRC and

enhanced radiosensitivity of CRC cells.23,24 Based on these

results, miR-185 might function as a tumor suppressor in dif-

ferent types of cancers.

In conclusion, serum miR-185 might serve as a reliable and

non-invasive biomarker for the early detection and prognosis

prediction of NSCLC. However, the sample size of this study

was relatively small. Therefore, further studies with larger sam-

ple size are required to validate its clinical application.
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