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Abstract
Background: Previous studies have shown that microRNA-32 (miRNA-32) is an exosome microRNA that affects the proliferation
andmetastasis of non-small cell lung cancer (NSCLC) cells. In this study, our goal was to assess the expression of plasmamicroRNA-
32 and its potential as a biomarker to predict the tumor response and survival of patients with NSCLC undergoing platinum-based
chemotherapy.

Methods:Plasma microRNA-32 levels before and after 1 cycle of platinum-based chemotherapy in 43 patients with NSCLC were
measured using a quantitative real-time polymerase chain reaction assay (qPCR). In addition, the demographic and survival data of
the patients were collected for analysis.

Results: A significant correlation was observed between the changes in microRNA-32 levels before and after 1 chemotherapy
cycle and the treatment response (P= .035). In addition, Kaplan–Meier analysis showed that the level of microRNA-32
after 1 chemotherapy cycle was significantly correlated with the prognosis of patients. The median progression-free survival
(P= .025) and overall survival (P= .015) of patients with high microRNA-32 levels (≥7.73) after 1 chemotherapy cycle was 9 and 21
months, respectively. In contrast, the median survival of patients with low microRNA-32 levels (<7.73) was 5 and 10 months,
respectively.

Conclusions: The plasma levels of microRNA-32 correlated with the efficacy of platinum-based chemotherapy and survival,
indicating that microRNA-32 may be useful for predicting the effectiveness of platinum-based chemotherapy and prognosis in
NSCLC.

Abbreviations: miRNA-32 = microRNA-32, NSCLC = non-small cell lung cancer, qPCR = quantitative real-time PCR, ROC =
receiver operating characteristic.
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Mini Abstract: Plasma miR-32 levels can predict chemotherapy sensitivity and
prognosis in NSCLC patients.
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1. Introduction

Lung cancer is currently one of themost commonmalignant tumors
worldwide, ranking first in incidence and mortality among
malignant tumors.[1] Among lung cancers, non-small cell lung
cancer (NSCLC) accounts for 80% to 85% of all lung cancer.[2]

Since most NSCLC patients are diagnosed at the advanced stage,
chemotherapy and radiotherapy have become the primary treat-
ments for such patients, with the platinum-based chemotherapy
regimen being the standard first-line chemotherapy regimen for
NSCLC.Patientsundergoing chemotherapyneed tobemonitored to
assess tumor progression. However, there are very few biomarkers
that can predict the response of patients to conventional
chemotherapy drugs, and patients often need to go through 2 to
3 relatively toxic treatment cycles before radiological evaluation of
the response can be conducted. Early treatment of NSCLC involves
multiple predictive response methods, including imaging examina-
tions that are performed alone and in combination with specific
biomarkers.[3–5]However, due to the lackof sufficient specificity and
sensitivity,[6] existing biomarkers and predictors of NSCLC are
unsatisfactory. Thus, new markers of NSCLC progression in
chemotherapy patients need to be identified.
Studies have confirmed that some tumor chemotherapy drugs

can cause changes in microRNAs (miRNAs) expression profiles
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in various malignant tumor cells,[7] indicating that the mecha-
nism of action of tumor chemotherapy drugs is associated with
miRNAs to some extent. This possibility may lead to new
approaches for the treatment of lung cancer with miRNA and
chemotherapy drugs. MicroRNA-32 (miR-32) is associated with
a variety of tumors[8–11] and is involved in a wide range of cellular
regulatory processes.
In this study, we explored the relationship between miR-32

expression and the efficacy and prognosis of NSCLC chemother-
apy by assessing the expression of plasma miR-32 in 43 patients
with NSCLC before and after platinum-based chemotherapy.
2. Methods

2.1. Study subjects

NSCLC patients confirmed by histological or cytological
diagnosis were enrolled in the Affiliated Hospital of Shandong
Academy of Medical Sciences from February 2013 to June 2016.
All cases were based on an Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0 to 2, and their expected
survival was at least 3months. All patients had no prior history of
therapy, including surgery, chemotherapy, radiotherapy, or
antibiotic therapy, and received platinum-based chemotherapy
every 3 weeks.
The first-line chemotherapyused in patients included cisplatin in

28 cases (docetaxel+cisplatin in 3 cases, his+cisplatin dorsey in 6
cases, gemcitabine plus cisplatin in 15 cases, and pemetrexed plus
cisplatin in 4 cases), 12 cases with carboplatin solution (docetaxel
plus carboplatin in 5 cases, gemcitabine plus carboplatin in 5 cases,
and pemetrexed plus carboplatin in 2 cases), and 3 cases with nida
containing platinum (nida, gemcitabine plus cisplatin). The
proportion of chemotherapy regiments containing cisplatin,
carboplatin, and nedaplatin was 65.1%, 27.9%, and 7.0%,
respectively. After 2 cycles of treatment, objective tumor responses
to treatment based on the RECIST criteria evaluation showed
complete remission (CR), partial response (PR), stable disease
(SD), or progressive disease (PD).
The patients included 37 men and 6 women, aged from 45 to

78 years old (mean age, 64.00 years old). Of the 43 cases, 31 were
squamous cell carcinomas and 12 were adenocarcinomas.
Analysis of tumor-node metastasis (TNM) staging indicated
that 6 tumors were stage II, 14 tumors were stage III, and 23
tumors were stage IV. Tumors were staged according to the TNM
staging system of the American Joint Committee on Cancer. All
subjects in this study provided written informed consent. The
study protocol was approved by theMedical Ethics Committee of
the Affiliated Hospital of Shandong Academy of Medical
Sciences. Depending upon the histological type and tumor grade,
tumors staging was performed according to the guidelines of the
American Joint Committee on Cancer (AJCC)[3,4]. Twenty
peripheral blood samples from 20 healthy volunteers without
previous history of cancer were used as a control group.

2.2. Isolation of human plasma

Blood specimens were collected at 2 time points, 1 to 3 days
before the first cycle of chemotherapy and 1 to 3 days after the
first cycle of chemotherapy. All participants were asked to fast
overnight before the collection of blood samples. Five milliliters
of peripheral venous bloodwas collected in an anticoagulant tube
with ethylenediaminetetraacetic acid (EDTA). Subsequently, the
blood samples were centrifuged in primary blood collection tubes
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for 10minutes at 1900�g (3000rpm) and 4 °C using a swinging
bucket rotor. The supernatant was then transferred to a clean 1.5-
mL centrifuge tube, centrifuged at 16,000�g and 4 °C for 10
minutes and stored at –80 °C until analysis.
2.3. Plasma RNA extraction

Total RNA was extracted and purified from 200mL of plasma
using a QIAGEN miRNeasy Serum/Plasma kit (catalog no.
217184; QIAGEN, Germany). The primer sequence (50-
CCCCTATTGCACATTACTAAGT-30) was obtained from the
Sanger miR-32 sequence database. To eliminate differences
among the samples, a C. elegans miR-39 miRNA mimic
(catalogue no. 219610; QIAGEN, Germany) was utilized for
normalization. The primer sequence, obtained from the Sanger
miR sequence database, was 50-TCACCGGGTGTAAAT-
CAGCTTG -30. MiR-39 was stably expressed in plasma samples,
and its mean value was the same across all cohorts. RNA
quantification and quality determination was performed using an
MD2000 Series spectrophotometer (Biofuture, Britain, UK).
2.4. Reverse transcription and real-time PCR analysis

The manufacturer’s instructions were followed for under kits
utilized in this study. Mir-X miRNA First-Strand Synthesis and
SYBR Premix Ex Taq kits (Tli RNaseH Plus) (Takara Bio, China)
were used separately for microRNA reverse transcription and
real-time polymerase chain reaction (RT-PCR), respectively.
Specific and universal primer pairs (Takara Bio, China) were used
to amplify microRNA. The qPCR reactions were incubated in 96-
well plates at 95 °C for 30seconds, followed by 45 cycles of
amplification (95 °C for 5seconds and 63 °C for 30seconds).
MicroRNA expression was calculated using the 2–DDCt method
and was subjected to statistical analysis. DdH2O was used as a
negative control, and each sample was assayed in triplicate. The
data are reported with standard deviations.

2.5. Statistical analysis

The data were analyzed using SPSS20.0 (SPSS Inc., Chicago, IL).
Due to a non-normal distribution, the miR-32 expression results
are presented as the median and range. The median of the
baseline plasma miR-32 expression before and after treatment
was used as the cut-off point and was divided into 2 groups, high
and low, respectively. TheMann–WhitneyU test and x2 test were
used to compare the differences in continuous and categorical
variables between the groups, respectively. Progression free
survival (PFS) is the time between when a patient with a tumor
disease begins receiving treatment and when the disease is
observed to have progressed or the individual dies of any cause.
Overall survival (OS) was defined as the interval between the start
of treatment to death. Survival curves were generated using the
Kaplan–Meier method, and differences were compared using the
log-rank test. The COX proportional hazard model was used to
analyze the possible factors affecting the survival of NSCLC
patients. A P value of <.05 was considered to be significant.
3. Results

3.1. Patient characteristics

The characteristics of the 43 patients included in this study are
presented in Table 1, of whom 12 had adenocarcinoma and 31



Table 1

Patient characteristics.

Characteristics Number of patients (%)

Age
<65 24 (55.8)
≥65 19 (44.1)

Gender
Male 37 (86.0)
Female 6 (14.0)

Type of disease
Adenocarcinoma 12 (27.9)
Squamous cell lung cancer 31 (72.1)

Clinical stage
II 6 (14.0)
III 14 (32.5)
IV 23 (53.5)

Smoking history
Smokers 35 (81.4)
Non-smokers 8 (18.6)

Performance status
�1 10 (23.4)
2 33 (76.7)
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had squamous-cell carcinoma. Of note, 6 patients had stage II
disease, 14 patients had stage III disease, and 23 patients had
stage IV disease (Table 1).
3.2. Plasma levels of miR-32 and association with tumor
response to chemotherapy

The miR-32 levels of 43 NSCLC patients before and after
treatment and those of individuals in the control group are shown
in Fig. 1. Twenty-six patients (PR+SD) showed disease control
(disease control rate, DCR 60.5%) and 17 patients (39.5%)
progressed during the platinum-based chemotherapy. No
Figure 1. Plasma expression of miR-32 before and after treatment of non-
small cell lung cancer (NSCLC) patients and in control group individuals.
Plasma miR-32 levels at after chemotherapy was significantly higher that was
observed before chemotherapy (P= .0351). The pre- and post-treatment
plasma levels of miR-32 in NSCLC patients were not significantly different than
in the control group (P= .291 and .343, respectively).
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chemotherapeutic reaction was observed in any of the patients.
The plasma levels of miR-32 in the 43 patients with NSCLC pre-
and post-treatment and in the control group individuals are
shown in Fig. 1. The levels of plasma miR-32 in the NSCLC
patients pre- and post-treatment were not significantly different
than those observed in the control group (P= .291, P= .343,
respectively). However, plasma miR-32 levels after chemothera-
py were significantly higher than those observed before
chemotherapy (P= .035), indicating that plasma miR-32 levels
were significantly increased after 1 chemotherapy cycle.
Subsequently, we evaluated the relationship between changes
in miR-32 levels before and after 2 cycles of chemotherapy and
the imaging evaluation of the treatment response.
The median plasma miR-32 level at baseline (7.73 after

chemotherapy) was used as positive cut-off values for the 43
patients (Table 2). The 2 groups of patients were comparable
with respect to all major clinical characteristics, such as age, sex,
type of disease, clinical stage, smoking history, performance
status, objective response, and survival time. No significant
association in miR-32 expression levels was observed between
the 2 groups with respect to other clinical features, including age
(P= .28), sex (P= .705), type of disease (P= .438), smoking
history (P= .208), performance status (P= .656). However, there
were significant differences in the expression levels of miR-32
between the 2 groups with respect to clinical staging (P= .016),
objective chemotherapy response (P= .017), PFS (P= .001), and
OS (P= .001).
As shown in Fig. 2, the miR-32 levels in the 43 patients after 1

chemotherapy cycle were significantly higher than those observed
before chemotherapy (P= .035). In addition, the miR-32 levels in
patients with PR+SD significantly increased after 1 chemotherapy
cycle (P< .001). However, no significant differences in miR-32
levels before and after 1 chemotherapy cycle were observed in
patients with PD (P= .619).

3.3. High miR-32 levels are associated with better
chemotherapy efficacy

The follow-up data from the 43 cases of NSCLC were analyzed,
whichdatedup to June2018.The results ofKaplan–Meier survival
curves further demonstrated that NSCLC patients with high miR-
32 levels have substantially longerPFS (P= .025) andOS (P< .015)
(Fig. 3) rates compared with those observed in patients with low
miR-32 expression. The median PFS time of patients post-
treatment with high miR-32 expression (≥7.73) was 9.0 months,
while the median PFS time of patients with lowmiR-32 expression
(<7.73) was 5.0 months (Fig. 3A). However, the median OS time
post-treatment was 21.0 months in patients with high miR-32
levels. ThemedianOS timewas 10.0months in patientswith a low
chemotherapy ratio (Fig. 3B). These results suggest that the level of
plasma miR-32 expression post-chemotherapy may be related to
the prognosis of patients with NSCLC.

4. Discussion

In first-line chemotherapy, the lack of clinical and biological
factors that can predict the prognosis of patients is one of the
most critical factors hindering NSCLC treatment. In this study,
we investigated the role of plasma miR-32 levels in the
chemosensitivity and prognosis of NSCLC patients receiving
platinum-based chemotherapy. Plasma miR-32 levels were
significantly increased after 1 chemotherapy cycle. Our data

http://www.md-journal.com


Table 2

Main clinical characteristics and results for thewhole patients population and according tomiR-32 post-treatment values (above or below
the respective cut-off).

Characteristics

Whole groups Post-treatment miR-32

miR-32 <cutoff miR-32 ≥cutoff P value
N=43 (%) N=21 (%) N=22 (5%)

Age (range) 64 (45–78) 61 (45–68) 65 (49–78) .28
Gender (%)
Male 37 (86) 19 (90.5) 18 (81.8) .705
Female 6 (14) 2 (9.5) 4 (18.2)

Type of disease (%)
Adenocarcinoma 12 (27.9) 7 (33.3) 5 (22.7) .438
Squamous cell lung cancer 31 (72.1) 14 (66.7) 17 (77.3)

Stage (%)
II+III 16 (37.2) 4 (19.0) 12 (54.5) .016
IV 27 (62.7) 17 (81.0) 10 (45.5)

Smoking history (%)
Smokers 35 (81.4) 20 (95.2) 17 (77.3) .208
Non-smokers 8 (18.6) 1 (4.8) 5 (22.7)

Performance status
�1 33 (76.7) 15 (71.4) 18 (81.8) .656
2 10 (23.4) 6 (28.6) 4 (18.2)

Objective response (%)
Disease control (SD+PR) 26 (60.5) 9 (42.9) 17 (77.3) .017
Not response (PD) 17 (39.5) 12 (57.1) 5 (22.7)

Survival time (mo)
Progression free survival 6 9.50 4 .001
Overall survival 12 13 10 .001

Figure 2. Plasma miR-32 levels in patients with non-small cell lung cancer (NSCLC) before and after 1 cycle chemotherapy (P= .035). The changes in plasma miR-
32 levels of 43 NSCLC patients between pre- and post-treatment with partial response + stable disease (PR+SD) (P< .001) and progressive disease (PD) (P= .619),
respectively.
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Figure 3. Kaplan–Meier curve analysis of the effect of miR-32 expression after chemotherapy on the survival time of patients with non-small cell lung cancer. (A)
Progress-free survival (PFS) (P= .025); (B) overall survival (months) (P= .015).
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showed that plasma miR-32 levels can discriminate between
patients with a partial response and stable disease (PR+SD) from
those who have progressive disease. For patients with NSCLC
who are sensitive to chemotherapeutic drugs, the higher plasma
miR-32 levels observed after chemotherapy were more pro-
nounced than in the chemotherapy-resistant patients. Patients
with low miR-32 expression after chemotherapy often suggest
poor prognosis in patients with NSCLC. Meanwhile, we also
assessed the relationship between changes in plasma miR-32
levels and prognosis via Kaplan–Meier survival analysis. The
results showed that the survival of NSCLC patients with
significantly higher miR-32 levels was significantly longer than
that of patients with no obvious changes in miR-32 expression. A
lack of an obvious change in miR-32 expression suggests a poor
clinical outcome compared with significantly increased miR-32
expression (Table 3).
MiRNAs are small non-coding RNA molecules with lengths of

approximately 22 nucleotides[12,13] and are believed to play vital
roles in the diagnosis, prognosis, and recurrence of lung cancer.[14–
16] A number of studies have reported the potential clinical
applications of miRNAs in lung cancer chemotherapy. Some
miRNAs enhance anticancer therapy by regulating the cell cycle,
cell proliferation and apoptosis, DNA damage repair, and tumor
angiogenesis.[17–19] For example, miR-1 overexpression increases
the chemosensitivity of non-small cell lung cancer cells by
inhibiting autophagy-related 3-mediated autophagy and increas-
ing apoptosis.[20] Furthermore, the overexpression ofmiR-202 has
been shown to promote chemosensitivity by inhibiting the Kras
gene inNSCLC.[21] Increasing evidence has shown that circulating
miRNAs can be potential biomarkers for the early diagnosis and
prognosis of lung cancer.[22,23] In addition, decreased miR-215
Table 3

Univariate analysis of miR-32 expression and survival time in patient

miR-32

Chemotherapy <Cutoff ≥Cutoff HR 95

Disease control (SD+PR) 9 17 0.344 0.1
Not response (PD) 12 5

Above or below the cut-off value of 7.73.

5

expression has been shown to be a predictor of poor prognosis in
patients with acute myeloid leukemia.[24] In addition, the
upregulation of miR-200c has been observed to inhibit cell
migration and enhance chemosensitivity in breast cancer.[25]

However, the role of plasma miRNA in predicting chemotherapy
sensitivity in patients with NSCLC is rarely reported.
In this study, we investigated the correlation between plasma

miR-32 levels and chemotherapy sensitivity in patients with
NSCLC. MiR-32 has been shown to be a sensitive indicator of
chemotherapywith respect to tumor response. It iswell known that
miRNAs typically downregulate target genes by inhibiting
translation.[26–28] Interestingly, Li and Wu[8] observed a negative
correlation between the level of miR-32 expression and NSCLC
cell proliferation, epithelial-mesenchymal transition (EMT), and
metastasis, which were inhibited by upregulated miR-32 expres-
sion. They also confirmed that TWIST1 is a direct target ofmiR-32
and that miR-32 regulates NSCLC cell proliferation, EMT, and
metastasis at least in part by regulating TWIST1. MiRNA
expression is often altered during disease progression and anti-
tumor therapy. After chemotherapy, chemotherapy-resistant
miRNAs were observed to be downregulated and chemothera-
py-sensitivemiRNAswerewasupregulated in the treatmentgroup.
However, it is a timely and effective choice for patients with
NSCLC to adjust treatment plans by evaluating the dynamic levels
of miR-32 during short-term chemotherapy treatment (1 chemo-
therapy cycle) to predict its effect. Alexios et al[6] have performed
similar studies, and Tetsuro et al[29] reported that changes in the
torque teno virus DNA titer in patients with primary lung cancer
after chemotherapy was related to tumor growth. Thus, it is
important to study the relationship between gene expression and
tumor growth after chemotherapy.
s with non-small cell lung cancer.

OS PFS

% CI P value HR 95% CI P value

36–0.868 .024 0.391 0.161–0.951 .038

http://www.md-journal.com
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The reduction in miR-32 expression in NSCLC tissues was
associated with tumor staging and lymph node metastasis, and
the Kaplan–Meier analysis results showed that the overall
survival time of patients with low miR-32 expression was shorter
than individuals with high miR-32 expression.[12] Circulating
miRNA has been reported to be an important biomarker for
cancer diagnosis due to its abundance, stability and convenient
blood circulation.[30] In our study, the survival time of NSCLC
patients with significantly increased miR-32 expression was
significantly longer than those without significant changes in
miR-32 expression. A lack of obvious changes in miR-32
expression suggests a poor clinical outcome compared with
significantly increased miR-32 expression. In addition, by
analyzing published miRNA microarray studies, miR-32 was
observed to be significantly reduced in NSCLC tissues compared
with non-tumor tissues.[31,32] Interestingly, the upregulation of
miR-32 expression inhibits the proliferation, epithelial mesen-
chymal transformation, and metastasis of NSCLC cells,[9] which
is consistent with the results of our study.
In summary, our data showed that the elevation of plasma

miR-32 levels in NSCLC patients receiving platinum-based
chemotherapy can predict the sensitivity of chemotherapy
regimens and predict the prognosis of patients. Thus, changes
of plasma miR-32 levels in platinum-based chemotherapy
patients with lung cancer are a prognostic indicator.
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