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Decreased expression of miR-32 is associated with the 
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Abstract: To investigate the role of miR-32 expression in Chinese non-small cell lung cancer (NSCLC) patients, levels 
of miR-32 were analyzed using the data from GEO datasets. MiR-32 expression was lower in lung cancer patients 
than in normal controls. Then we explored the levels of miR-32 in tumor tissues and adjacent non-cancerous tissues 
of 65 NSCLC patients from the ArrayExpress Microarray database and 149 samples from our biopsies. Our results 
showed that there were no significantly differences between miR-32 expression and age, gender, lymph node me-
tastasis, tumor differentiation, histology, TNM stage, visceral pleural invasion, vascular invasion, and tumor size. 
However, miR-32 expression was down-regulated in tumor tissues. Moreover, patients with low miR-32 expression 
had poorer overall survival and disease free survival, indicating that miR-32 expression might be an independent 
prognostic marker for NSCLC patients.
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Introduction

The American Cancer Society estimated that 
there will be 221,200 new cases of lung and 
bronchus cancer, and an estimated 158,040 
people will die of this disease in the United 
States in 2015 [1]. The Lung and bronchus can-
cer remains leading cause of cancer-related 
death and ranks second in the new cancer 
cases, though the rates of cancer deaths and 
new cancer cases gradually decreased over 10 
years [2]. The overall 5-year survival rate of 
lung cancer is only 17.4% [3]. The main cause of 
death in these patients is that most of them are 
diagnosed at an advanced stage. Non-small 
cell lung cancer (NSCLC) accounts for about 
80-85% of cases in lung cancer [4]. Thus, there 
is pressing need for novel biomarkers that can 
improve early diagnosis and prognosis.

MicroRNAs (miRNAs) are a class of short (about 
19-24 nucleotides in length), evolutionary con-

served, single-stranded, non-coding RNA mole-
cules that directly bind to the 3’untranslated 
regions (3’ UTRs) of target messenger RNAs 
(mRNAs), causing either degradation or inhibi-
tion of gene translation. MicroRNAs are there-
fore involved in a wide range of fundamental 
cellular processes such as growth, mobility, 
apoptosis, proliferation, differentiation, endo-
crine homeostasis, tumorgenesis and so on [5]. 
MiR-32, located on chromosome band Xq26.2, 
is found to be up-regulated in breast cancer, [6] 
colorectal cancer, [7] hepatocellular carcinoma, 
[8] multiple myeloma [9] and so on. Therefore, it 
acts as a potential oncogene in these tumors. 
In contrast, miR-32 is down-regulated in oral 
squamous cell carcinoma, [10] gastric cancer 
[11] and osteosarcoma, [12] and it acts as a 
tumor suppressor gene. Therefore, miR-32 may 
have different functions in different cancers.

In our present study, we focused on the expres-
sion levels of miR-32 in tumor tissues and adja-
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cent normal tissues in NSCLC patients. We also 
studied the relationship between miR-32 ex- 
pression and clinical characteristics.

Materials and methods

Clinical samples

Fresh tissues were obtained from 149 NSCLC 
patients when they underwent surgical resec-
tion between Jan. 2010 and Sep. 2012 from 
Shanghai 10th People’s Hospital, Tongji Univer- 
sity School of Medicine and China-Japan Union 
Hospital, Jilin University. This study was 
approved by Ethics Committee of Shanghai 
10th People’s Hospital, Tongji University School 
of Medicine (SHSY-IEC-PAP-15-18). All patients 
provided their written informed consent.

Clinical data of NSCLC patients were collected, 
including basic information (age, gender), tumor 
characteristics (distant metastasis, lymph 
node metastasis, relapse, tumor differentia-
tion, histology, TNM stage, visceral pleural inva-
sion, vascular invasion and tumor size), overall 
survival (OS), disease free survival (DFS), and 
chemotherapy.

For analysis, age was divided into two groups (≥ 
60 and < 60 years). Tumors were stratified 

according to size (≥ 5 cm and < 5 cm). The time 
to tumor relapse or death was confirmed by the 
patient or relatives, and medical records. OS 
was the length of time from the date of diagno-
sis with lung cancer to the time of death, regard-
less of cause. DFS was defined as the time 
from the initial date of diagnosis to the time of 
tumor progression or death due to the 
disease.

RNA extraction

Total RNA was extracted from tumor and nor-
mal tissue with TRIzol reagent (Life Technolo- 
gies; Grand Island, NY, USA), according to the 
manufacturer’s instructions. RNA concentra-
tion was measured in a Nanodrop1000 spec-
trophotometer (Thermo Fisher Scientific; Wal- 
tham, MA, USA), and the quality of all RNA sam-
ples was assessed by electrophoresis on 1.5% 
denaturing agarose gels.

Quantitative RT-PCR

For quantitative real-time PCR (qRT-PCR), cDNA 
was synthesized from total RNA (10 ng), and 
quantitative PCR reactions were performed 
with the Taqman Universal PCR Kit (Life Te- 
chnologies). U6 small nuclear RNA was used as 

Figure 1. Analysis of miR-32 expressions and clinical significance in NSCLC patients. Relative expression levels of 
miR-32 in different cancers vs. normal controls from GEO datasets (A), Array Express database (B). (C) Relative ex-
pression levels of miR-32 in NSCLC and adjacent normal tissues of 149 patients from our data. (D) Relative expres-
sion levels of miR-32 in NSCLC and matched adjacent normal tissues of 31 patients. OS (E) and DFS (F) analysis of 
miR-32 in NSCLC patients.
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Table 1. Associations between miR-32 expression and clinical char-
acteristics

Factor variable Number
miR-32 expression 

(number) P value  
(Chi-square test)

Low High
Age
    ≥ 60 99 50 49 0.863
    < 60 50 24 26
Gender
    Male 92 40 52 0.065
    Female 57 34 23
Lymph node metastasis
    Negative 53 23 30 0.224
    Positive 86 47 39
    Unknown 10
Tumor differentiation
    Poorly 54 25 29 0.661
    Moderately 92 48 44
    Well 3 1 2
Histology
    Adenocarcinoma 88 43 45 0.868
    Squamous cell carcinoma 61 31 30
TNM stage
    I and II 95 46 49 0.729
    III and IV 51 27 24
    Unknown 3
Visceral pleural invasion
    Negative 31 14 17 0.546
    Positive 108 56 52
    Unknown 10
Vascular invasion
    Negative 136 68 68 0.505
    Positive 3 2 1
    Unknown 10
Diameter
    ≥ 5 cm 37 20 17 0.702
    < 5 cm 99 49 50
    Unknown 13

internal control. The threshold cycle (Ct) was 
defined as the fractional cycle number at which 
the fluorescence passed the fixed threshold. 
The relative amount of miR-32 to U6 was calcu-
lated using the equation 2-ΔΔCt.

Online data about miR-32 expression

We analyzed the expression level of miR-32 in 
94 normal controls and 448 various cancers 
included 73 lung cancers from Gene Expression 

used. P < 0.05 was considered statistically 
significant.

Results

MiR-32 expression based on data from online 
databases

MiR-32 expressions between different cancers 
and controls were analyzed using GEO datasets 
(Figure 1A). This analysis revealed that there 

Omnibus datasets (GSE61- 
741). This project analyzed 
peripheral blood miRNA pro-
files and each miRNA had 
been measured in at least 
seven replicates which the 
median of the replica had 
been computed.

MiR-32 expression was also 
investigated in 65 pairs of 
NSCLC and matched norm- 
al tissues in the Array Exp- 
ress Microarray database 
which accession number is 
E-TABM-22.

Statistical analysis

All analyses were performed 
using SPSS 18.0 (USA). The 
expression of miR-32 was 
presented as the mean ± 
standard deviation. An inde-
pendent T-test was used to 
examine differences bet- 
ween tumor and normal tis-
sues, and a chi-square test 
was performed to evaluate 
associations between miR-
32 expression and clinical 
characteristics. OS and DFS 
curves were calculated us- 
ing the Kaplan-Meier meth-
od and the statistical differ-
ences between various gro- 
ups were compared by the 
log-rank test. To evaluate in- 
dependent prognostic fac-
tors associated with surviv-
al, the univariate and multi-
variate Cox proportional ha- 
zards regression model was 
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was significantly difference of miR-32 levels 
between lung cancer, glioma, renal cancer, 
Wilms tumor and normal controls (P < 0.01).

We also analyzed miR-32 expression profiles in 
65 pairs of primary NSCLC and noncancerous 
lung tissues from ArrayExpress database. 
NSCLC tissues had lower miR-32 expression 
level than the normal tissues (P < 0.01, Figure 
1B).

MiR-32 expression between NSCLC and adja-
cent normal tissues

The expression level of miR-32 in NSCLC and 
adjacent normal tissues was detected by qRT-

PCR and normalized to U6 small nuclear RNA. 
Figure 1C showed that miR-32 expression was 
lower in NSCLC tissues than those in adjacent 
normal tissues. This difference between NSCLC 
and normal tissues was statistically significant 
(P < 0.05).We also analyzed 31 pairs of normal 
and matched NSCLC tissues in 149 NSCLC 
patients. The results showed that 87 percent of 
tumor tissues had lower level of miR-32 than 
matched normal tissues (P < 0.05) (Figure 1D).

Associations between miR-32 expression and 
clinical characteristics

The median value of miR-32 expression was 
used as a cutoff to divide the NSCLC patients 

Table 2. Univariate analysis of overall survival and disease free survival based on patients stratified 
by clinical characteristics

Factor variable
Overall survival Disease free survival

Months 
(Mean) 95% CI (Mean) P value  

(Log-rank test)
Months 
(Mean)  95% CI (Mean) P value  

(Log-rank test)
Age
    ≥ 60 33.273 31.190-35.356 0.416 29.731 27..222-32.239 0.521
    < 60 35.602 33.132-38.072 31.599 27.983-35.216
Gender
    Male 33.171 31.144-35.198 0.105 27.905 25.276-30.533 0.004
    Female 35.892 33.267-38.518 34.235 31.389-27.081
Lymphnode metastasis
    Negative 34.981 32.471-37.492 0.256 31.451 28.107-34.795 0.129
    Positive 32.874 30.585-35.163 28.562 25.806-31.318
Tumor differentiation
    Poorly 36.528 34.589-38.467 0.145 32.33 29.248-35.412 0.272
    Moderately 32.658 30.430-34.887 28.941 26.242-31.640
TNM stage
    I and II 33.870 31.835-35.905 0.914 30.724 28.065-33.383 0.321
    III and IV 34.076 31.357-36.795 28.854 25.705-32.003
Visceral pleural invasion
    Negative 36.520 33.986-39.053 0.04 33.445 29.584-37.306 0.026
    Positive 32.461 30.362-34.560 28.482 25.981-30.984
Vascular invasion
    Negative 33.545 31.803-35.287 0.692 29.770 27.556-31.983 0.307
    Positive 36.000 33.228-38.772 30.000 20.222-39.778
Chemotherapy
    Negative 32.661 30.250-35.072 0.202 29.571 26.525-32.617 0.682
    Positive 34.605 32.246-36.963 30.284 27.224-33.344
Tumor diameter
    ≥ 5 cm 32.594 29.394-35.794 0.15 26.808 22.706-30.911 0.021
    < 5 cm 34.013 31.980-36.046 30.839 28.343-33.336
miR-32 expression
    Low 31.615 29.183-34.047 < 0.001 27.752 25.037-30.466 0.008
    High 36.726 34.706-38.746 33.037 30.290-35.784
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into two groups: the low miR-32 expression 
group and the high miR-32 expression group. 
The relationships between the expression level 
of miR-32 and clinical features was analyzed. 
Significant differences were not found between 
the level of miR-32 and clinical characteristics 
including age, gender, lymph node metastasis, 
tumor differentiation, histology, TNM stage, vis-
ceral pleural invasion, vascular invasion and 
tumor diameter (Table 1) (P > 0.05).

Down-regulation of miR-32 was associated 
with poor prognostic in NSCLC patients

Next, we evaluated whether miR-32 expression 
is a prognostic marker for OS and DFS in NSCLC 
patients using Kaplan-Meier method and log-
rank test. As shown in Figure 1E and 1F, 
patients with low miR-32 expression had poor 
OS and DFS (P < 0.01).

To analyze whether other clinical characteris-
tics might affect OS and DFS, univariate sur-
vival analysis, stratified by each of clinical char-
acteristics was performed by Log-rank test 
(Table 2). The results revealed that visceral 
pleural invasion was significantly associated 
with OS and DFS (P < 0.05). In addition to vis-
ceral pleural invasion, gender and tumor size 
were also related with DFS (P < 0.05).

Univariate COX regression analysis revealed 
that there weren’t significant correlations 
between overall survival and age, gender, 
lymph-node metastasis, tumor differentiation, 
TNM stage, visceral pleural invasion, vascular 
invasion, chemotherapy and diameter. A multi-
variate COX regression analysis was further 
carried out to establish if miR-32 expression 

was a prognostic marker in NSCLC patients 
(Table 3). The result showed that the hazard 
ratio of visceral pleural invasion was increased 
and the P value was less than 0.05. So down-
expression of miR-32 was identified as a pre-
dictor of shorter overall survival in NSCLC 
patients.

Discussion

MiRNAs, a class of small non-coding RNAs, 
played a key role in non-small cell lung cancer 
[13]. The status of miRNA in NSCLC was divided 
into two categories: oncogene and tumor sup-
pressor gene. Among them, miR-1271, miR-
141, miR-575, miR-200c and miR-21, reported 
as oncogenes, could promote NSCLC cell prolif-
eration and growth [14-18]. But some miRNAs, 
such as let-7, miR-128, miR-181 and miR-34a, 
had the exactly opposite effects [19-22]. 
Though functions of some miRNAs were found, 
miR-32 was rarely studied in NSCLC.

MiR-32, located on chromosome band Xq26.2, 
was reported to express differentially in differ-
ent cancers. MiR-32 expression was markedly 
increased in breast cancer tissues and cells. 
Furthermore, the over-expression of miR-32 
promoted the cell proliferation, colon formation 
and anchorage-independent growth of breast 
cancer cells [6]. The first research about the 
level of miR-32 expression in colorectal cancer 
revealed that miR-32 levels were significantly 
higher in colorectal tissues than in non-cancer-
ous tissues. And high miR-32 expression levels 
tended to have poor overall survival, indicating 
that high miR-32 might be a marker of poor 
prognosis for patients [7]. Studies evaluating 

Table 3. Univariate and multivariate analysis of overall survival in NSCLC patients

Factor HR 95% CI (univariate) P value
miR-32 multivariate analysis

HR 95% CI (multivariate) P value
Age 1.309 0.665-2.576 0.436
Gender 0.558 0.265-1.175 0.125
Lymph-node metastasis 1.061 0.613-1.838 0.832
Tumor differentiation 1.273 0.710-2.283 0.418
TNM stage 0.965 0.489-1.903 0.917
visceral pleural invasion 1.108 0.650-1.890 0.706 2.232 1.014-4.913 0.046
Vascular invasion 0.279 0.058-1.342 0.111
Chemotherapy 0.596 0.348-1.022 0.060
Diameter 0.863 0.514-1.450 0.578
miR-32 expression 0.299 0.147-0.609 0.001
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the associations between prostate tumors, 
multiple myeloma, hepatocellular carcinoma 
and miR-32 levels showed that miR-32 expres-
sion was also strongly up-regulated in tumor 
tissues [8, 9, 23]. In the above tumors, the lev-
els of miR-32 expression were increased. But in 
oral squamous cell carcinoma and osteosarco-
ma, its expressions in tumor tissues were lower 
than the normal tissues [10, 12]. In oral squa-
mous cell carcinoma, low-level expression of 
miR-32 was an independent unfavorable prog-
nostic factor. It might suppress oral squamous 
cell carcinoma through targeting the down-
stream gene EZH2 which was a tumor-promot-
ing gene. Level of miR-32 was also significantly 
down-regulated in osteoscarcoma tissues com-
pared with the adjacent normal tissues. To sum 
up, miR-32 played different roles in different 
cancers. 

In NSCLC, some researchers reported that miR-
32 functioned as a tumor suppressor [24, 25]. 
Though their study evaluated the relationships 
between miR-32 expression and clinical fea-
tures, the clinical features were incomplete. 
Our study included more comprehensive clini-
cal factors and was the first study to report the 
association between miR-32 expression and 
disease free survival in NSCLC patients.

In the present study, we compared levels of 
miR-32 expression of health people with that  
of different cancer patients based on GEO 
datasets. We found that miR-32 expression 
was significantly down-regulated in lung canc- 
er, glioma, renal cancer and Wilms tumor (P < 
0.01). Then we analyzed miR-32 expression 
between tumor tissues and matched adjacent 
non-tumor tissues from 65 NSCLC patients 
from Array Express database. MiR-32 expres-
sion was markedly decreased in tumor tissues, 
demonstrating that miR-32 might play a role in 
NSCLC. Hereafter, levels of miR-32 expression 
of tumor and adjacent normal tissues of 149 
NSCLC patients was calculated. The result was 
the same as the previous research. Further- 
more, we also explored 31 paired tumor tissues 
and matched adjacent normal tissues from the 
149 NSCLC patients, finding that 87% (27/31) 
patients had lower miR-32 expression in tumor 
tissues.

Relationships between miR-32 expression and 
clinical factors were examined. There weren’t 
any significantly differences between age, gen-

der, lymph node metastasis, tumor differentia-
tion, histology, TNM stage, visceral pleural inva-
sion, vascular invasion, tumor size and miR-32 
expression (P > 0.05). The relations between 
OS, DFS and miR-32 expression were analyzed 
by Kaplan-Meier survival analysis to explore the 
potential prognostic value of miR-32. Patients 
with low miR-32 expression had poorer OS  
and DFS, suggesting that miR-32 expression 
might be an independent prognostic marker for 
NSCLC patients. Univariate COX analysis show- 
ed that visceral pleural invasion had no influ-
ence on overall survival (P > 0.05), but multi-
variate COX analysis about miR-32 expression 
and clinical factors revealed that the hazard 
ratios of visceral pleural invasion increased 
and the p value of visceral pleural invasion was 
less than 0.05. Therefore, miR-32 could be 
used as an independent prognostic marker for 
NSCLC to remind the doctor and the patient 
that the patient might have higher risk of death.

We also analyzed which clinical features might 
play a role in overall survival and disease free 
survival. Univariate analysis showed that vis-
ceral pleural invasion was both remarkably 
associated with OS and DFS. In addition, gen-
der and tumor size also had effects on DFS. 
Patients who had visceral pleural invasion 
tended to have poor OS and DFS, indicating 
that visceral pleural invasion might be a prog-
nostic marker for NSCLC as shown in other 
studies [27, 28]. Tumor size was strongly asso-
ciated with DFS (P < 0.05). The disease-free 
survival time of patients whose tumor diameter 
was ≥ 5 cm was shorter than that of patients 
whose tumor diameter was < 5 cm. Male had 
poorer DFS than female. So the male and the 
patients whose tumor size was greater or equal 
to 5 cm should pay more attention on their 
health status.

In summary, our result demonstrates that miR-
32 expression was significantly lower in NSCLC 
tissues than in normal tissues. The relation-
ships between miR-32 expression and clinical 
factors including age, gender, lymph node me- 
tastasis, tumor differentiation, histology, TNM 
stage, visceral pleural invasion, vascular inva-
sion and tumor size were not found. Patients 
with low miR-32 expression tended to be poor-
er OS and DFS, indicating that miR-32 expres-
sion might be an independent prognostic mark-
er for NSCLC patients.
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