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ARTICLE INFO ABSTRACT

Squamous cell lung cancer (SqCLC) is among the most malignant lung cancers worldwide, lacking biomarkers for
diagnostic and targets for treatment. In this study, we observed that miR-140-3p was expressed at low levels both
in SqCLC cell lines and patient samples, while overexpression of miR-140-3p dramatically reduced the cell
¢-myc proliferation and invasion in SQCLC cells and Patient derived xenograft (PDX) models. Our further investigation
Patient-derived xenograft Lo . . . . . X
Tumorigenesis indicated m1R-140-3P negatively e.iffe.cted the tumorigenesis of SqQCLC b}{ dowr.l-regulatmg .the expression of
BRDY, an oncogene in SqQCLC. Inhibition of BRD9 repressed SqQCLC tumorigenesis by regulating c-myc expres-
sion. Meanwhile, BRD9 expression is up-regulated and negatively correlated with miR-140-3p in clinical sam-
ples; a meta-analysis of survival data indicates that SQCLC patients with high levels of BRD9 in their tumors have
a worse prognosis. Collectively, our study suggests the prognostic and therapeutic roles of miR-140-3p and BRD9
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axis in squamous cell lung cancer.

1. Introduction

Squamous cell lung cancer (SQCLC) is a set of devastating diseases,
which comprise approximately 30% of invasive non-small cell lung
cancers (NSCLC) [1]. There remains no efficient targeted treatment for
SqCLC, and platinum-based regimens are a standard clinical therapy for
this devastating disease [2]. Early diagnosis of SQCLC is one of the most
important factors contributing to successful and effective treatment.
However, many patients are diagnosed with SqQCLC due to the asymp-
tomatic features of the early stages, resulting in a very late diagnosis
and following low survival rates. Therefore, it is essential to identify
SqCLC-specific molecular biomarkers for early diagnosis and treatment.

SqCLC development has been defined as a multistep process in-
cluding accumulated genetic modifications and chronic inflammation
due to smoking [3]. Moreover, the posttranscriptional regulation of
tumors was lately recognized as the product of a developing crosstalk
between different cell types. This posttranscriptional regulation in-
cludes a large set of noncoding RNAs, including microRNAs (miRNAs),
circRNAs and IncRNAs [4]. MiRNAs are approximately 22-nucleotide
RNAs that modulate essential cellular processes in many types of
cancer. MiRNAs bind to the 3’ UTR and can regulate hundreds of
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mRNAs to play a critical role in a wide range of cellular processes. Many
studies have indicated that miRNA levels are altered in lung cancer and
that these miRNAs regulate cell growth and migration. These miRNAs
thus act as tumor suppressors or oncogenes. For example, our previous
study indicated that miR-342-3p is involved in the regulation of cell
proliferation and invasion in non-small cell lung cancer (NSCLC) by
targeting AGR2 [5]. Chen et al. reported that miR-30d-5p inhibits non-
small cell lung cancer proliferation and motility by regulating CCNE2
[6]. MiR-29b mediates the NF-kB pathway in non-small cell lung can-
cers [7]. Very recently, miR-140 was reported to regulate PD-L1 in
NSCLC, especially in adenocarcinoma lung cancers [8]. In addition,
miR-140-3p was found to be downregulated in lung squamous cell
carcinoma [9]. The function and detailed mechanism of miR-140 in
SqCLC, however, remain unknown.

To further investigate potential pathways, several prediction algo-
rithms were utilized to predict the target of miR-140-3p (Targetscan,
miRDB and miRBase). Cross-reference analysis indicated that BRD9 is a
direct target. BRD9 contains a bromodomain and regulates chromatin
remodeling and transcription. It has been identified as a subunit of the
BAF (SWI/SNF) nucleosome remodeling complex and plays a role in
histone acetylation [10,11]. BRD9 is always overexpressed in several
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Abbreviations
SqCLC  squamous cell lung cancer
PDX patient derived xenograft
BRD9 Bromodomain Containing 9
UTR the untranslated region
FISH Fluorescence In Situ Hybridization
THC Immunohistochemistry

cancers and has emerged as an attractive therapeutic target [12]. Al-
though inhibition of BRD9 has shown profound anticancer and anti-
inflammatory properties, the detailed function and mechanisms have
not been determined, especially in SqCLC.

Here, we show that miR-140-3p is down regulated in SqCLC cells
and tissues. Overexpression of miR-140-3p suppressed SqCLC cell
growth and invasion. Moreover, BRD9 is a direct target of miR-140-3p.
Inhibition of BRD9 remarkably reduced SqCLC tumorigenesis by
downregulating c-myc. Restoration of BRD9 abolishes the function of
miR-140-3p in SqQCLC. Moreover, BRD9 correlated with clinical out-
comes of SqQCLC. These results indicate that miR-140-3p suppresses
SqCLC tumorigenesis by targeting BRD9.

2. Materials and methods
2.1. Materials

BRD9, c-myc and GAPDH antibodies were purchased from Abcam
(MA, USA). Keratinocyte-SFM, Bovine Pituitary Extract (BPE) and
Epidermal Growth Factor (EGF) were purchased from Thermo Fisher
Scientific (MA, USA). RPMI-1640, Fetal Bovine Serum (FBS), and
Collagen I were purchased from Sigma-Aldrich (St. Louis, USA). BRD9
siRNAs and miR-140-3p mimics and inhibitors were obtained from
GenePharma (Suzhou, China) (Table 1).

2.2. Cell culture

All SqQCLC cell lines used in this study were obtained from ATCC and
the cell library of the Chinese Academy of Sciences (Shanghai, China).
HBEC3KT cells were cultured in Keratinocyte-SFM (GIBCO) supple-
mented with BPE and EGF (GIBCO) at 37 °C in 5% CO,. HCC95, H226,
H1703 and H2170 cells were cultured in RPMI-1640 (Sigma) with 10%
FBS (Sigma) at 37 °C in 5% CO,. Transfection of siRNAs, miRNA mimics
and inhibitors was performed with Lipofectamine 2000 from Thermo
Fisher Scientific (MA, USA).

For primary cells isolated from patient-derived xenografts (PDX),
xenografts were minced and placed in 10% FBS containing DMEM with
collagen IV (0.5 mg/ml, Sigma) and incubated at 37 °C for 60 min [13].
The dissociated suspension was filtered with a 100 pm strainer to obtain
single cells that were then washed with culture medium. Primary cells
were transfected with miR-140-3p mimics using the MISSION siRNA
transfection reagent (Sigma).

Table 1
Primer sequences for quantitative RT-PCR.
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2.3. Western blotting and immunohistochemistry

Cells were harvested and lysed in SDS lysis buffer (1% SDS, 10 mM
HEPES, pH 7.0, 2mM MgCl,, universal nuclease 20 U/ml). Total cel-
lular protein concentration was measured by the BCA assay kit (Thermo
Fisher Scientific). Twenty ug protein samples were subjected to 10%
SDS-PAGE and transferred to nitrocellulose blotting membranes (GE
Healthcare). The membranes were blotted with primary antibodies
(1:1000) overnight at 4 °C. The secondary antibody (1:5000) was in-
cubated for 1hat room temperature. Proteins were developed as pre-
viously described [14].

Immunohistochemistry (IHC) was performed according to our pre-
vious study [5]. Briefly, paraffin-embedded samples were depar-
affinized and incubated with rabbit BRD9 antibody (1:200) for 1 hat
37 °C. After rinsing with PBS (pH 7.4), slides were treated with goat-
anti-rabbit secondary antibody (1:3000) and incubated with 3-diami-
nobenzidine solution for 20 min.

2.4. Real-time qPCR

Total RNA was isolated from cells or tissues using TRIzol reagent
(Thermo Fisher Scientific). Two pg total RNA was reverse transcribed
using the SuperScript II reverse transcriptase kit (Thermo Fisher
Scientific). Then, QPCR was performed using the power SYBR Green
master mix (Thermo Fisher Scientific). The relative expression of mRNA
was examined as the inverse log of the delta-delta CT and normalized to
Actin. The primers were used as described in Table 1.

2.5. Clinical tumor samples

Fifty-two SqQCLC tumor samples and twenty-two adjacent normal
samples were collected from 52 patients from 2015 to 2018 at the First
Affiliated Hospital of Soochow University. Pathological analysis con-
firmed that all tissues were indeed SQCLC (median age 67.19) (Table 2
and Table S1). All the specimens were obtained with informed consent
from the patients, and this study was approved by the Ethics Committee
of Soochow University.

2.6. Mammalian lentiviral overexpression vector construction

The coding sequence of BRD9 was amplified and cloned in the LV5
plasmid from GenePharma (Suzhou, China). LV5-GFP was used as a
negative control. The primer sequences used against BRD9 are as fol-
lows: To generate lentiviral particles, plasmids were cotransfected into
HEK293T cells along with the envelope (VSVG) and packaging (Delta
8.9) system using Lipofectamine 2000 (Thermo Fisher Scientific). The
viral supernatants were filtered after two days of transfection. SQCLC
cells were incubated with 8 pug/ml polybrene and virus. The efficiencies
of overexpression were confirmed by Western blotting and real-time
qPCR.

2.7. Cell proliferation and cell migration assay
Cell growth was measured using the Cell counting kit-8 (CCKS,

Dojindo, Japan). The absorbance of each sample was measured at
450 nm. All experiments were performed in triplicate and the average

Gene Forward Primer (5’-3") Reverse Primer (5’-3)

BRD9 TGGGAGCTACAGCAAGAAAGT CTGGAAGAGCGTCCTAGAGTG
c-myc AAAGGCCCCCAAGGTAGTTA GCACAAGAGTTCCGTAGCTG
GAPDH CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT
miR-140-3p CAGTGCTGTACCACAGGGTAGA TATCCTTGTTCACGACTCCTTCAC
U6 CGCTTCGGCAGCACATATAC TTCACGAATTTGCGTGTCATC
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Table 2
Patient clinical characteristics.

Patient clinical characteristics

Gender Male 50 (96.2%)
Female 2 (3.8%)
Age =60 11 (21.2%)
> 60 41 (78.8%)
Smoking status Yes 37 (71.2%)
No 15 (28.8%)
Pathology grade Stage I/11 41 (78.8%)
Stage III 11 (21.2%)
T classification T1/T2 37 (71.2%)
T3/T4 15 (28.8%)
Lymph node NO/N1 50 (96.2%)
N1/N2 2 (3.8%)
Metastasis MO 52 (100%)

values were calculated. The cell invasion assay was performed using
cell culture insert membranes coated with Matrigel (BD Biosciences).
Cells were starved and seeded into the upper chamber of the inserts
(10° cells) in serum media. The low chamber was incubated with 10%
FBS media. After 48h, the cells were fixed and stained using 0.5%
crystal violet.

2.8. 3’-UTR reporter assay

The BRD9 3’-UTR (untranslated region) and mutant variants were
cloned into the pmirGLO reporter vector (Promega). Cells were co-
transfected with pmirGLO-BRD9 wild-type or mutant plasmid and miR-
140-3p mimics or negative controls (scramble). The luciferase activities
were measured 24 h posttransfection using the dual-luciferase reporter
assay kit (Promega) following the manufacturer's instructions.

2.9. PDX construction

Fresh SqCLC tumor tissue samples (patient ID: 1290024, Male, Age

p=0.0323 (n=74)
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55, FO) were kept on ice and processed in sterile conditions on the day
of collection. Briefly, tumor tissues were cut into pieces and implanted
subcutaneously into the interscapular fat pad of NOD/SCID mice (Vital
River Laboratory Animal Technology, Beijing, China). These mice in the
engraftment phase are called F1 mice. After the tumor reached ap-
proximately 1.5-2 cm (6-12 weeks), the additional transplant to F2, F3,
etc., was prepared. In this study, F4 PDX models with tumor volumes of
50-150 mm> were used for downstream applications [13]. Tumor
growth was monitored and calculated (width? x length)/2 at each time
point. The mice were euthanized and tumors were photographed and
stained with hematoxylin/eosin (H&E). All animal studies were ap-
proved and followed the guidelines of the animal ethics committee of
Soochow University (Suzhou, China).

2.10. Meta-analysis and statistical analysis

For clinical data, miR-140-3p and BRD9 expression in the SqCLC in
the Cancer Genome Atlas (TCGA) database was downloaded from UCSC
(http://tcga.xenahubs.net). Kaplan-Meier analyses were performed
using SPSS 22.0 (IBM Inc.) or generated using the online meta-analysis
tool KM Plotter (http://kmplot.com/analysis/index.php?p=service)
[15]. Significance tests and correlation analyses were performed using
GraphPad Prism (GraphPad Software Inc.). The statistical significance
of differences between groups was determined using ANOVA or two-
tailed Student's t-test. A p-value less than 0.05 was considered statis-
tically significant.

3. Results

3.1. MiR-140 is downregulated in SqCLC cell lines and clinical samples

MiR-140-3p expression levels were measured in normal lung cancer
cell lines (HBEC3KT) and four squamous lung cancer cell lines, including
HCC95, H226, H1703 and H2170. The results showed that miR-140-3p
expression levels in SqCLC cell lines were significantly lower in
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Fig. 1. miR-140-3p is downregulated in SqQCLC cells and tissues. (A) Expression of miR-140-3p was analyzed by qRT-PCR in 4 SqQCLC cell lines; HBEC3KT was set
as a control. (B) The miR-140-3p level was downregulated in SQCLC tissues compared to normal samples using qRT-PCR (n = 74). (C) The expression of miR-140-3p
in normal or SqCLC tissues was detected by FISH. (D) miR-140-3p expression in different clinical stages of SQCLC (n = 52). (E) MiR-140-3p expression in patients
with or without smoking history. (F) TCGA data for miR-140-3p in SqQCLC were analyzed (n = 380). (G) The survival rate was analyzed in 380 SqQCLC patients with
high or low expression of miR-140-3p. *p < 0.05, **p < 0.01 (Figure A, D, one-way ANOVA; Figure B, E, F, two-tailed Student's t-test). Experiments were

performed at least in triplicate.
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HBEC3KT (Fig. 1A). We next quantified the expression of miR-140-3p in
52 tumor samples and 22 normal tissues by qPCR and FISH. As seen in
Fig. 1B and C, miR-140-3p levels in tumors were significantly lower than
in normal tissues. It is also shown that the expression level of miR-140-3p
in SqCLC patients is correlated with later TNM stages (Fig. 1D) and
smoking status (Fig. 1E). In addition, we validated these findings using a
validation cohort of 380 patient samples from the TCGA database
(https://xenabrowser.net/datapages/?hub = https://tcga.xenahubs.
net:443). In conjunction with our qPCR expression data, miR-140-3p was
also significantly lower in most tumors compared to normal tissues
(Fig. 1F). In addition, the survival rate from these TCGA data was ana-
lyzed; as seen in Fig. 1G, patients with low miR-140-3p have worse
outcomes. These results demonstrate that miR-140-3p is downregulated
in SqQCLC and can serve as a prognostic biomarker for SqCLC.

3.2. MiR-140-3p suppresses tumorigenesis of SqCLC in vitro and in vivo

To investigate the function of miR-140-3p in the growth of squa-
mous lung cancer tumors, miR-140-3p mimics or the scramble controls
were transfected into H226 cells and HCC95 cells (Fig. 2A). As shown in
Fig. 2B and C, miR-140-3p inhibited cell growth posttransfection.
Meanwhile, the expression of miR-140-3p suppressed the invasion of
H226 and HCC95cells by more than 70% and 55%, respectively
(Fig. 2D and E). Furthermore, to determine whether miR-140-3p is
involved in tumorigenesis in a clinical model (patient ID:1290024;
Male, Age 55), patient-derived xenografts (PDX) were established in

Em mimics control

Cancer Letters 446 (2019) 81-89

NOD/SCID mice. First, the primary cells from PDX models were di-
gested and transfected with miR-140-3p or mimic controls. As pre-
dicted, PDX cell growth was inhibited by miR-140-3p (Fig. 3A and B).
In addition, tumors in the PDX models were intratumoral injected with
20D miR-140-3p twice a week. As shown in Fig. 3C-F and Fig. S1, miR-
140-3p significantly suppressed the tumor growth of SQCLC PDX. These
results indicate that miR-140-3p acts as a tumor suppressor in squa-
mous lung cancer both in vitro and in vivo.

3.3. MiR-140-3p directly targets the 3’'UTR of BRD9

To further elucidate the function of miR-140-3p in regulating the
tumorigenesis of SQCLC, we examined the oncogenes possibly targeted
by miR-140-3p. Using the bioinformatics tools TargetScan, miRBase
and miRDB, we identified BRD9 as one of the putative targets of miR-
140-3p (Fig. 4A). Next, the 3'UTR fragment of BRD9 was cloned
downstream of a luciferase reporter system in the pmirGLO vector.
Subsequently, we performed luciferase reporter assays to examine the
relationship between miR-140-3p and BRD9. As shown in Fig. 4B and C,
the reporter with wild type BRD9 3'UTR had lower luciferase activity in
two SqCLC cells expressing miR-140-3p compared to the luciferase
activity in the control group. In addition, the inhibition of luciferase
activity by miR-140-3p was abolished by the mutant BRD9 3’UTR
(Fig. 4B and C). To further validate the association between miR-140-3p
and BRD9, we detected endogenous BRD9 mRNA and protein levels in
two SqCLC cells after transfection with miR-140-3p mimics or scramble
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Fig. 2. miR-140-3p suppresses the growth and invasion of SQCLC cells. After transfection with miR-140-3p mimics, (A) the expression of miR-140-3p in two
SqCLC cell lines was detected by qRT-PCR. Cell proliferation of H226 (B) and HCC95 (C) cells was detected by CCK8. (D) Cell invasion after transfection with miR-
140-3p was measured and cells were stained with crystal violet. (E) Crystal violet was dissolved in 33% acetic acid, and the absorbance at 560 nm was measured in
three independent experiments (n = 3). *p < 0.05, **p < 0.01 (Figure A, one-way ANOVA; Figure E, two-tailed Student's t-test). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 3. miR-140-3p inhibits SQCLC PDX growth both in vitro and in vivo. (A) Patient derived xenografts (PDX) of SqQCLC were digested and the primary cells were
transfected with miR-140-3p. (B) Primary cell proliferation was measured using the CCK8 kit. (C) PDX models were intratumoral injected with 20D miR-140-3p or
mimics twice a week and tumor growth was measured twice a week (n = 5). (D) and (E) PDX tumors were photographed. (F) The PDX tumors were stained with
hematoxylin and eosin (H&E). *p < 0.05, **p < 0.01 (one-way ANOVA). Experiments were performed at least in triplicate.

controls. As shown in Fig. 4D-F, the level of BRD9 mRNA and protein
was decreased by miR-140-3p. Taken together, these results suggest
that BRD9 is a direct target of miR-140-3p.

3.4. BRD9 regulates the growth and invasion of SqCLC cells

BRD9 is frequently overexpressed in several types of cancer, espe-
cially in myeloid leukemia (AML). Previous studies indicated that BRD9
was required to sustain c-myc transcription in AML [12,16], but the
linkage of BRD9 and c-myc is still unknown in SqQCLC. Towards this end,
we examined cellular phenotypes after knocking down BRD9 with two
siRNAs. The BRD9 level was detected via qPCR and Western blotting.
Depletion of BRD9 led to an inhibition of c-myc activity both at the
protein level (Fig. 5A and Fig. S2) and the mRNA level (Fig. 5B and C).
In addition, knockdown of BRD9 led to a striking inhibition of pro-
liferation and invasion in SqCLC cells (Fig. 5D-F, Fig. S3), which was
consistent with the reduced c-myc pathway. These results indicate that
BRD9 acts as an oncogene and promotes the proliferation and invasion
of SqCLC by regulating c-myc.

3.5. BRD9 counteracts the function of miR-140-3p

To study whether miR-140-3p exerts its effects through BRD9, we
overexpressed BRD9 in H226 cells via lentiviral infection. This con-
struct was lacking the 3’UTR, so miR-140-3p could not affect its ex-
pression. As a result, pLenti-BRD9 could restore the expression of BRD9
both at the mRNA and protein level (Figs. 6A-C and S4), which in turn
stimulates c-myc expression. Furthermore, restoration of BRD9
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abolished the negative impact on cell proliferation and cell invasion by
miR-140-3p (Fig. 6D-F). These results show that BRD9 is a direct
functional target of miR-140-3p and that miR-140-3p functions as a
tumor suppressor through regulating BRD9.

3.6. BRD9 is a diagnostic and prognostic biomarker of squamous lung
cancer

The expression levels of BRD9 in SqCLC clinical samples were ex-
amined. As shown in Fig. 7A, BRD9 mRNA levels were much higher in
tumor samples (n = 74). As predicted, the levels of BRD9 in 52 SqCLC
patients were associated with the clinical stage of the disease (Fig. 7B),
but no correlation was observed between BRD9 expression and smoking
history (Fig. S5). An interesting result was that the expression of BRD9
was negatively correlated with the expression of miR-140-3p (Fig. 7C).
In addition, the BRD9 protein level in patients was measured with [HC
and the score was valued (Fig. 7D and E). The BRD9 protein level was
much higher in tumor tissues compared to normal controls. Further-
more, we applied bioinformatics analysis to a larger data set from TCGA
(https://xenabrowser.net/datapages/?hub = https://tcga.xenahubs.
net:443). As shown in Fig. 7F, BRD9 expression was substantially
higher in 553 SqCLC patients compared to the normal control. In ad-
dition, we performed a survival meta-analysis based on BRD9 expres-
sion. A Kaplan-Meier curve was generated using the online meta-ana-
lysis tool. From the analysis of gene expression and clinical data for
1926 lung cancer patients, we found that high expression of BRD9
predicts worse outcomes in patients (Fig. 7G), suggesting that BRD9 is a
diagnostic and prognostic biomarker for squamous lung cancer.
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Fig. 6. BRD9 counteracted the suppressive effect of miR-140-3p. (A) qRT-PCR was used to analyze the expression of miR-140-3p in each group of transfected
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rescued cell proliferation and invasion as shown by CCK8 and transwell assays. n > 3, *p < 0.05, **p < 0.01 compared to the corresponding controls (one-way

ANOVA).

4. Discussion

Cell proliferation and invasion are two key factors leading to the
malignant tumorigenesis observed in cancer. Targeting these two as-
pects is a potential approach in SQCLC therapy. Several studies have
reported that miRNAs play important roles in lung cancer, which may
be very valuable in the diagnosis and treatment of this malignant dis-
ease. Accumulating evidence indicates that miRNAs, including miR-17-
5p, miR-140-3p, and let-7, are involved in the progression and invasion
of non-small cell lung cancer (NSCLC) [17,18]. However, the me-
chanism of miR-140-3p-mediated regulation in SqCLC remains unclear.

In this study, we investigated the roles and mechanisms of miR-140-
3p, BRD9 and c-myc in SQCLC. We found that SqQCLC is associated with
a low expression of miR-140-3p both in cell lines and in clinical sam-
ples. Overexpression of miR-140-3p inhibits SQCLC cell proliferation
and invasion. To further demonstrate the clinical importance of miR-
140-3p, we constructed several lines of patient-derived xenografts
(PDX). As a result, miR-140-3p suppresses the primary cell proliferation
extracted from PDX and inhibits PDX tumor growth.

To explore the detailed mechanism by which pathways are involved
in the function of miR-140-3p in SqCLC, bioinformatics analysis was
used to predict a relationship between miR-140-3p and BRD9. As we
predicted, miR-140-3p directly targeted BRD9 and suppressed BRD9
expression in both HCC95 and H226 cells (Fig. 4). BRD9 is a bromo-
domain-containing protein, a subunit of the BAF (SWI/SNF) complex,
which plays a role in acetyl-lysine recognition. Several studies revealed
that inhibition of BRD9 suppressed tumor growth, prompting a cyto-
static response [12,19]. There are already some inhibitors produced
that target this attractive therapeutic protein in cancer. Beyond its
presence in the BAF complex, the function of BRD9 remains unknown.
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Our results indicated that knockdown of BRD9 suppressed cell pro-
liferation and invasion in SQCLC cells and primary PDX cells. Although
a linkage between BRD9 and c-myc was unveiled in previous studies in
AML [20], it remains unconfirmed in SqQCLC. In our study, an inter-
esting result was that downregulation of BRD9 led a degradation of c-
myc. C-myc is a “master regulator”, which controls many aspects of
tumor cell growth and cellular metabolism. Accumulated evidence
confirmed that c-myec is increased, resulting in mitosis, and acts as a
classic proto-oncogene, contributing to the tumorigenesis of non-small
cell lung cancer. C-myc was always overexpressed in human lung
cancer cell lines and patients, and patients with c-myc positive tumors
had a short survival time compared to c-myc negative patients [21,22].
Consistent with previous reports, c-myc was also highly expressed in
most tumor tissues both in our clinical cohort and in the TCGA database
(Fig. S6).

Furthermore, we performed rescue experiments by overexpressing
BRD9 in SqCLC cells and incubation of miR-140-3p. These data indicate
that BRD9 could counteract some effects of miR-140-3p on proliferation
and invasion in SqQCLC cells, suggesting that miR-140-3p modulates
tumorigenesis mainly by targeting BRD9. In addition, BRD9 expression
was negatively correlated with miR-140-3p levels in both SqQCLC sam-
ples and the TCGA database. Meanwhile, BRD9 expression was corre-
lated with clinical information, including tumor size and tumor stage.
Consistent with the knowledge that smoking decreases global miRNA
expression, miR-140-3p was also reduced in smoking patients in our
cohort data (Fig. 1E) [23,24]. However, unlike miR-140-3p, BRD9 ex-
pression was not associated with smoking status that may be caused by
other pathways involved in BRD9 expression and function, such as the
SWI/SNF complex [10]. A comprehensive meta-analysis revealed that
patients with high levels of BRD9 in their tumors have a worse



H. Huang et al. Cancer Letters 446 (2019) 81-89
A B C
p=0.0002(n=74) p<0.0001 (n=52) < R=0.3984 (n=74)
210 - 2304 @ p<0.0001
c s A 2 44
© 160 kel .% 180 g .
3
2 1104 | 2 130 -2 N N .
5 604 - b S 80 -3 N
X X YN @ ode NN e,
< fo7 307 : g
3 107 z & ik
X 8 4 = -2+ A
E 6l £ 20 [ E PRI
A
B 4 8 10 . um|am A 2 41 el I e
X 2] 4 3 A A
a o o ol . S . i .
normal - stage lalb  stage lla/b  stage lll a/b S 4 2 0 2 4
2 log,, relative BRD9 expression
p<0.0001 (n=74) &
12 S
vy = HR =1.22(1.07 - 1.38)
10 v logrank P = 0.0022
28 ':V
o @ o
36 v::::v S
(&} L] Yvyvy
4
- - vvvjrvy
2 o9 f S
I vyvvvyy =
0 Y s
normal tumor e
e <
< p<0.0001 (n=553) °
o 14
2 o~
S S
o
o Expression
g 10 = :‘Ovlh
2 — nig
T | vl = . . ; ;
S 8 . 0 50 100 150 200
173
[ "
g . . . Number at risk Time {months)
S normal tumor low 966 451 128 38 4
2 high 960 377 75 19 3
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553 SqCLC patient samples were analyzed. (G) Kaplan-Meier plots were constructed for 1926 NSCLC patients stratified by the expression of BRD9. *p < 0.05,

**p < 0.01 (one-way ANOVA).

prognosis.

In summary, we demonstrated, for the first time, that miR-140-3p
inhibited SqCLC proliferation and invasion in vitro and in vivo by tar-
geting BRD9. BRD9 is an oncogene that promotes SqCLC tumorigenesis
by regulating c-myc. Clinical information suggested that miR-140-3p
and BRD9 may be used as prognostic and diagnostic biomarkers. These
results also revealed a new regulatory network involving miR-140-3p
and BRD9, which may be implemented in the therapeutic treatment of
SqCLC in the future.
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