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Long non-coding RNA HCG11 suppresses the malignant
phenotype of non-small cell lung cancer cells
by targeting a miR-875/SATB2 axis
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Abstract. Long non-coding RNAs (IncRNAs) are involved
in the development and progression of a variety of diseases.
However, the role of the IncRNA HLA complex group 11
(HCGI1) in non-small cell lung cancer (NSCLC) remains
unclear. The present study showed that the expression levels
of HCGI11 were reduced in tumor tissues compared with
adjacent normal tissues, and similar results were obtained in
experiments using lung cancer cell lines. Additionally, patients
with high HCGI1 expression had an increased survival rate
compared with patients with low HCGI11 expression. Further
studies have shown that overexpression of HCG11 inhibited
NSCLC cell proliferation in vitro and in vivo. Interestingly, it
was observed that HCGI11 expression was negatively associ-
ated with the expression levels of oncogenic microRNA-875
(miR-875) in patient specimens. Specifically, HCG11 served as
a sponge of miR-875. Notably, it was determined that special
AT-rich sequence-binding protein 2 (SATB2) was a direct
target gene of miR-875, and overexpression of miR-875 largely
abrogated the effects of HCG11 in NSCLC cells. In conclu-
sion, HCG11 was shown to suppress the malignant properties
of NSCLC cells by targeting a miR-875/SATB2 axis, and may
therefore be a promising target for the treatment of NSCLC.

Introduction

Lung cancer is one of the most common types of cancer and is
the leading cause of cancer-associated death worldwide (1-3).
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Lung cancer is classified into two groups based on the patho-
logical features: Non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC) (4,5). NSCLC contributes to
~80% of lung cancer diagnoses (6,7). Additionally, ~75% of
patients with lung cancer are already at the advanced stage at
diagnosis as they are usually asymptomatic at an early stage.
Despite improvements having been made in diagnosis and
treatment, the prognosis of lung cancer remains poor and the
S5-year survival rate is low (8,9). Therefore, there is an urgent
need to develop effective strategies for the treatment of lung
cancer.

Long non-coding RNAs (IncRNAs) are defined as
non-protein coding transcripts >200 nucleotides in length.
Previous studies have shown that IncRNAs serve a crucial role
in a variety of biological processes, including energy metabo-
lism, apoptosis, cell proliferation and differentiation, through
transcriptional and posttranscriptional regulation (10,11).
Notably, an increasing number of studies have revealed that
IncRNAs are involved in the development and progression of
multiple types of cancer, including breast cancer, gastric cancer,
prostate cancer, lung cancer and leukemia (12,13). Although
several IncRNAs, including ZEB1 antisense RNA 1 (14),
breast cancer anti-estrogen resistance 4 (15), small nucleolar
RNA host gene 1 (16), growth arrest specific 5 (GASS) (17)
and deleted in lymphocytic leukemia 2 (18) have been explored
previously, the functions and underlying mechanisms of
IncRNAs in NSCLC have not been fully revealed.

LncRNA HLA complex group 11 (HCGI11) is located on
chromosome 6 and is a member of the IncRNA family. It has
been reported that HCG11 functions as a tumor suppressor in
hepatocellular carcinoma and prostate cancer (19) by inhib-
iting cell proliferation, invasion and metastasis, and promoting
cell apoptosis. Additionally, abnormal HCG11 expression has
been observed in gastric cancer (20). In particular, downregu-
lation of HCG11 expression is predictive of a poor prognosis in
prostate cancer (21). However, whether HCGI1 is involved in
the development and progression of NSCLC remains unclear.

The present study primarily explored the role of HCG11
in NSCLC. First, it was identified that HCG11 expression
was significantly reduced in patients with NSCLC. Further
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investigations revealed that low HCGI11 expression was associ-
ated with a poor prognosis in patients with NSCLC. In terms of
the mechanism, it was demonstrated that HCGI11 could inhibit
the malignant phenotype of NSCLC cells, at least partially,
by targeting a microRNA-875 (miR-875)/special AT-rich
sequence-binding protein 2 (SATB2) signaling pathway.
Collectively, the results of the present study indicated that
HCG11 is an important tumor suppressor, and thus, provides a
novel potential avenue for the treatment of NSCLC.

Materials and methods

Patients and specimens. In the present study, 85 pairs of
NSCLC tissues and adjacent normal tissues were collected
from patients. The patients included 47 males and 38 females,
with a median age of 59.5 years (range, 43-79 years), and
were enrolled from The Sichuan Mianyang 404 Hospital
(Mianyang, China) between January 2012 and June 2015.
The patients did not receive any preoperative treatments, and
patients who had received anticancer treatment were excluded
from the present study. Tumor-node-metastasis (TNM) stage
was determined as previously described (22). All patients
provided informed consent. The present study was approved
by the Ethics Committee of The Sichuan Mianyang 404
Hospital (Mianyang, China).

Cell culture and transfection. A total of five NSCLC cell
lines (A549, H1299, H466, H460 and H358) and 16HBE
normal lung epithelial cells were obtained from The Cell
Bank of Type Culture Collection of The Chinese Academy of
Sciences. All cell lines were cultured in DMEM (HyClone;
Cytiva) supplemented with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc.), 100 U/ml penicillin and 100 pg/ml strepto-
mycin (Gibco; Thermo Fisher Scientific, Inc.). All cells were
cultured in a 37°C incubator with 5% CO,. pcDNA3.1-HCG11
(pcDNA-HCGI11) and corresponding negative control
(pcDNA3.1-NC; pcDNA3.1-vector) were synthesized by
Shanghai Gene Pharma Co., Ltd. miR-875-mimic, as well as
the corresponding negative control (miR-NC), were purchased
from Guangzhou RiboBio Co., Ltd. Cells were transfected
using Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocols.

MTT assay. A549 cells were seeded in 96-well plates
(2x10°* cells/well). After 24 h of culture, 500 pg/ml MTT solu-
tion (Sigma-Aldrich; Merck KGaA) was added to each well,
followed by incubation at 37°C for 4 h. Subsequently, 200 ul
DMSO (Sigma-Aldrich; Merck KGaA) was added to each
well. Finally, the absorbance of the samples was measured at
570 nm using a microplate reader (Bio-Rad Laboratories, Inc.).

Cell invasion assay. Cell invasion assays were performed
using a Transwell insert (6.5 mm in diameter) with an 8-ym
pore size (Corning, Inc.). Briefly, 5x10*cells in DMEM without
FBS were seeded onto the Matrigel-coated membrane matrix
in the upper chamber, and the lower chamber was filled with
medium supplemented with 10% FBS. Following incubation at
37°C for 24 h, cells which had not invaded were removed, and
cells on the bottom of the filter, which had invaded, were fixed
in 4% paraformaldehyde at room temperature and stained with

crystal violet at room temperature for 30 min. The number of
invaded cells were counted using a microscope.

Cell migration assay. Migration assays were performed
using Matrigel-coated Transwell chambers (BD Biosciences).
Briefly, 1x10° cells were seeded in the upper chamber in FBS
free DMEM, and DMEM supplemented with 10% FBS was
added to the lower chamber. Following incubation at 37°C
for 24 h, cells in the upper chamber were removed using a
cotton swab. The membrane was then soaked in 90% ethanol,
fixed at 37°C for 10 min, and stained with 0.2% crystal
violet at room temperature for 30 min. The cells which had
migrated were counted under an inverted light microscope
(magnification, x200).

Cell apoptosis analysis. Cell apoptosis was detected using
an Annexin V-FITC/7-AAD kit (BD Biosciences) according
to the manufacturer's protocol, followed by flow cytometry
(FACSCantolI; BD Biosciences). Flow data were analyzed
using FlowJo version 10.0 (FlowJo LLC).

Luciferase reporter assay. A luciferase reporter assay was
performed using a dual luciferase reporter assay kit (Promega
Corporation) according to the manufacturer's protocol.
Briefly, pmirGLO vector containing wild-type or mutant
HCGI11 or SATB2 (synthesized by Sangon Biotech Co., Ltd.)
and miR-875-mimic or miR-NC were co-transfected into
293T cells obtained from The Cell Bank of Type Culture
Collection of The Chinese Academy of Sciences using
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific,
Inc.). The luciferase activity was measured 48 h after transfec-
tion.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocols, and then converted to cDNA using the PrimeScript
RT kit (Takara Bio, Inc.) at 37°C for 15 min followed by 85°C
for 5 sec. Next, PCR was performed using the SYBR Premix
Ex Taq kit (Takara Bio, Inc.) with the following thermocycling
conditions: Initial denaturation at 95°C for 3 min, followed
by 40 cycles of denaturation at 95°C for 5 sec, annealing at
60°C for 30 sec and extension at 72°C for 30 sec. GAPDH
was used as the internal control. The primer sequences used
were: HCGI11 forward, 5'-GCTCTATGCCATCCTGCTT-3'
and reverse, 5-TCCCATCTCCATCAACCC-3'; GAPDH
forward, 5" TGTTCGTCATGGGTGTGAAC-3' and reverse,
5'-ATGGCATGGACTGTGGTCAT-3"; and SATB2 forward,
5'-GGAGAACGACAGCGAGGAA-3' and reverse, 5'-CCG
ATGTATTGCTTTGCCTAGT-3". The expressions levels of
miRNAs were measured using the mirVana RT-qPCR miRNA
Detection kit, according to the manufacturer's protocol
(Invitrogen; Thermo Fisher Scientific, Inc.). The miRNA
primers were purchased from Guangzhou RiboBio Co., Ltd.
Small RNA U6 was used as an internal reference gene. The
miRNA primer sequences used were: miR-875 forward 5'-CG
AATGGGCCTAAGATCCCG-3' and reverse 5'-GGAGCC
CAGCACTTTGATCT-3"; miR-522 forward, 5'-ACACTC
CAGCTGGGCTCTAGAGGGAAGCGC-3' and reverse,
5" TGGTGTCGTGGAGTCG-3"; miR-499a forward, 5-TGC
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GGTGGCAGTGTATTGTTAGC-3' and reverse, 5'-CCAGTG
CAGGGTCCGAGGT-3"; miR-224 forward, 5'-GTATACTAA
GTCACTAGTGGT-3' and reverse, 5'-GTGCAGGGTCCG
AGGT-3'; miR-483 forward, 5'-GCTGACTCACTCCTC
CCCTC-3" and reverse, 5S"TATGGTTGTTCACGACTCCTT
CAC-3"; miR-214 forward, 5" TCCTTCAATCACCAAATC
TGG-3' and reverse, 5'-CCCAAGCTTTCATTCAGGCTG
GGTTG-3"; miR-26a forward, 5-GGATCCGCAGAAACT
CCAGAGAGAAGGA-3' and reverse, 5" AAGCTTGCCTTT
AGCAGAAAGGAGGTT-3"; miR-455 forward, 5'-ACACTC
CAGCTGGGGCAGTCCATGGGCAT-3' and reverse, 5-TGG
TGTCGTGGAGTCG-3"; miR-543 forward, 5'-GTGCTCGGT
TTGTAGGCAGT-3' and reverse, 5-GTGCCTTGTTTTGAT
GGCAG-3'; miR-155 forward, 5'"TTAATGCTAATCGTG
ATAG-3' and reverse, 5'-ACCTGAGAGTAGACCAGA-3';
miR-105 forward, 5'-GCCCTCGAGATACCATATCTATCC
CCTTTTTCA-3" and reverse, 5'-GCCGAATTCCAACCA
TGAAGATACGAATTGATG-3"; and U6 forward, 5'-CTC
GCTTCGGCAGCACA-3' and reverse 5-AACGCTTCACGA
ATTTGCGT-3".

Western blotting. Cells were lysed using RIPA buffer
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentra-
tion of proteins was determined using a Bicinchoninic Acid
Protein Assay kit (Beyotime Institute of Biotechnology).
Proteins (30 ug/lane) were loaded on a 10% SDS-gel,
resolved using SDS-PAGE, and then electrotransferred
onto PVDF membranes for 90 min. Subsequently, 5% skimmed
milk was used to block the membranes at 37°C for 1 h, and
the membranes were incubated with the primary antibodies at
4°C overnight. The following primary antibodies were used:
Proliferation cell nuclear antigen (PCNA; cat. no. 13110S;
1:1,000; Cell Signaling Technology, Inc.), cleaved-caspase 3
(cat. no. 9664S5; 1:1,000; Cell Signaling Technology, Inc.),
cleaved-caspase-9 (cat. no. 9505S; 1:1,000; Cell Signaling
Technology, Inc.), caspase-3 (cat. no. 14220S; 1:1,000; Cell
Signaling Technology, Inc.), caspase-9 (cat. no. 9502S; 1:1,000;
Cell Signaling Technology, Inc.), SATB2 (cat. no. ab92446;
1:1,000; Abcam) and B-actin (cat. no. ab8227; 1:2,000; Abcam).
Signals were visualized using ECL.

Animal experiments. A total of 16 male BALB/c nude mice
(4-5 weeks old, 16-20 g) were obtained from Beijing Vital
River Laboratory Animal Technology Co., Ltd. All mice were
housed in a SPF-grade animal room (temperature 18-22°C;
humidity 40-60%; light/dark cycle 12/12 h each day) and
had free access to food and water. HCG11 was cloned and
inserted into pHBLV-U6-mcs-CMV-PURO lentiviral vectors
(Hanbio Biotechnology Co., Ltd.). A second-generation lenti-
viral vector system was used. The recombinant lentivirus was
generated by co-transfection of 293T cells (The Cell Bank of
Type Culture Collection of The Chinese Academy of Sciences)
with pHBLV lentiviral plasmid (10 pg), psPAX?2 packaging
plasmid (10 pxg) and pMD2.G envelope plasmid (5 ug;
Hanbio Biotechnology Co., Ltd.) using Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h, the
virus was filtered through 0.22 pm cellulose acetate filters
(Millipore Corp.) and concentrated by ultracentrifugation
(50,000 x g) for 2 h at 4°C. Lentivirus carrying HCGI1 or
negative control was stably transfected into the A549 cell line
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(MOI,20) at 37°C in the presence of 5 ug/ml polybrene (Hanbio
Biotechnology Co., Ltd.). At 24 h after transfection, cultures
were washed with freshly DMEM containing 10% FBS. After
another 48 h, transfected cells were subcutaneously injected
into BALB/c nude mice. Euthanasia was performed using
pentobarbital sodium (100 mg/kg intraperitoneal injection) at
the end of the study. The tumor volume was measured once
every 5 days. A total of 30 days after implantation, all mice
were sacrificed, and tumor tissues were collected and weighed.
Finally, tumor tissues were used for hematoxylin and eosin
(H&E) staining (room temperature for 10 sec) and immu-
nohistochemical analysis of Ki-67 expression. All animal
experiments performed in this study were approved by the
Animal Care and Use Committee of Sichuan Mianyang 404
Hospital (Mianyang, China).

Immunohistochemical staining. Paraffin-embedded tumor
tissues were sliced (0.25 um), dewaxed using xylene and
rehydrated using a series of decreasing concentrations
of ethanol solutions, and then incubated with anti-Ki-67
antibody (cat. no. ab16667; 1:250; Abcam) at 4°C overnight.
Subsequently, tissue sections were incubated with the goat
anti-rabbit IgG secondary antibody (cat. no. A0208; 1:50;
Beyotime Institute of Biotechnology) at 37°C for 1 h. After
counterstaining with hematoxylin at room temperature
for 3 min, color development was performed using DAB
(Beyotime Institute of Biotechnology).

Bioinformatics. The prediction of the interaction between
HCGI11 and miR-875 was performed using stabase3.0
(starbase.sysu.edu.cn). The prediction of the interaction
between miR-875 and SATB2 was performed using TargetScan
(targetscan.org/vert_71/).

Statistical analysis. Statistical analysis was performed using
SPSS version 19.0 (IBM Corp.) and GraphPad Prism version 6.0
(GraphPad Software, Inc.) software. A Student's t-test (paired
or unpaired) or one-way ANOVA followed by a Tukey-Kramer
post hoc test were used to analyze differences amongst groups.
Ay test was used to examine the association between HCG11
expression and the clinical characteristics. Cox regression
models (univariate and multivariate) were used to evaluate the
factors related to overall survival. Patients were divided into
high and low HCG11 expression groups based on the median
expression levels; overall survival was analyzed using the
Kaplan-Meier method with the log-rank test. The correlation
between the expression levels of HCGI11 and miR-875 were
analyzed using Pearson's correlation coefficient. All experi-
ments were independently performed at least three times. Data
are presented as the mean + standard deviation. P<0.05 was
considered to indicate a statistically significant difference.

Results

HCGI1 expression is downregulated in NSCLC tissues and
cell lines. To assess the role of HCG11 in NSCLC, tumor
and adjacent normal tissues from NSCLC patients were
collected. Subsequently, RT-qPCR analysis showed that the
expression levels of HCG11 were significantly decreased
in NSCLC tissues compared with adjacent normal tissues
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Figure 1. HCGI1 expression is downregulated in NSCLC tissues and cell lines. (A) RT-qPCR analysis of the expression levels of HCG11 in NSCLC tissues
and adjacent normal tissues obtained from 85 patients. (B) RT-qPCR analysis of the expression levels of HCGI1 in NSCLC cell lines (A549, H1299, H446,
H460 and H358) and 16HBE normal lung epithelial cells. (C) Overall survival rates of the 85 NSCLC patients undergoing surgery. Patients were divided into
high (n=42) and low HCG11 expression group (n=43) based on the median expression levels. Data is shown as a Kaplan-Meier curve and was analyzed using a
log-rank test. “P<0.01. NSCLC, non-small cell lung cancer; RT-qPCR, reverse transcription-quantitative PCR; HCG11, HLA complex group 11.

(Fig. 1A). Additionally, the expression levels of HCG11 were
significantly lower in NSCLC cell lines, particularly in A549
cells, compared with the normal lung epithelial cells (I6HBE)
(Fig. 1B). To assess the clinical significance of HCG11 expres-
sion in NSCLC, patients were further divided into high and
low HCG11 expression groups based on the median expression
levels. It was found that HCGI11 expression was significantly
related to tumor size and TNM stage (Table I). However, there
was no significant association between HCG11 expression
with age, sex, smoking history, tumor differentiation and histo-
logical subtype (Table I). In addition, Kaplan-Meier analysis
showed that patients with high HCG11 expression had a higher
overall survival rate than those with low HCGI11 expression
(Fig. 1C). In the multivariate analysis, low HCGI11 expres-
sion was an independent factor in predicting a poor overall
survival of NSCLC patients (Table II). These data suggest that
HCGI11 may serve a key role in regulating the development and
progression of NSCLC.

HCGII inhibits proliferation, invasion and migration,
and induces apoptosis of NSCLC cells in vitro. To
investigate the function of HCGI11 in NSCLC, a HCG11
overexpression plasmid was transfected into the A549 cell
line (Fig. 2A). MTT analysis revealed that overexpression
of HCGI1 significantly reduced cell proliferation (Fig. 2B).
Additionally, flow cytometry analysis showed that overex-
pression of HCG11 increased the apoptosis of NSCLC cells
(Fig. 2C). Consistent with these findings, the expression
levels of PCNA were decreased, and the expression levels
of apoptosis-associated proteins (cleaved-caspase-3 and
cleaved-caspase-9) were increased in A549 cells following
overexpression of HCGI11 (Fig. 2D). Furthermore, the
results of Transwell assays showed that HCGI11 overex-
pression significantly reduced the invasion and migration
of NSCLC cells (Fig. 2E and F). Therefore, HCG11 may
inhibit proliferation, invasion and migration, and induce
apoptosis of NSCLC cells.

HCGI1 suppresses NSCLC tumor growth in vivo. To further
validate the effects of HCG11 on NSCLC, A549 cells trans-
fected with HCGI1 lentivirus were subcutaneously injected

into BALB/c nude mice (Fig. 3A). The results revealed that
the tumor volume was significantly decreased following
HCGI11 overexpression compared with the mice injected
with the empty vector transfected cells (Fig. 3B and C).
The tumor weight was also significantly lower in the
HCG11-overexpression compared with the control group
30 days after implantation (Fig. 3D and E). Further analysis
showed that HCGl11-overexpressing tumors exhibited a loose
tissue structure, accompanied with lower expression of Ki-67,
a marker of proliferation (Fig. 3F, and G). These data suggest
that HCG11 may inhibit NSCLC tumor growth in vivo.

HCGII functions as a sponge of miR-875 in NSCLC cells.
Given that IncRNAs can act as sponges of miRNAs, it was
hypothesized that HCG11 may inhibit a number of oncogenic
miRNAs in NSCLC cells. Bioinformatics analysis using
StarBase version 3.0 (starbase.sysu.edu.cn/) revealed that
several miRNAs, including miR-26a, miR-499a, miR-522,
miR-224, miR-483, miR-214, miR-455, miR-543, miR-155,
miR-105 and miR-875, possessed potential binding sites
with HCGI1. Interestingly, it was found that the expression
levels of miR-875, but not other miRNAs, were significantly
decreased in NSCLC cells following HCG11 overexpression
(Fig. 4A). Consistent with this finding, miR-875 expression
was increased in NSCLC tissues compared with adjacent
normal tissues (Fig. 4B). Additionally, there was a significant
negative association between HCG11 and miR-875 expression
in NSCLC tissues (Fig. 4C), indicating that HCG11 suppressed
NSCLC progression, potentially via inhibition of miR-875.
Subsequently, a luciferase reporter assay demonstrated that
HCG11 could directly bind to miR-875 (Fig. 4D). These results
suggest that HCG11 may inhibit the development of NSCLC
by inhibiting the expression of miR-875.

HCGI1 inhibits the malignant phenotype of NSCLC cells by
regulating a miR-875/SATB2 axis. TargetScan (targetscan.
org/vert_71/) was used to search for candidate targets
with potential miR-875 binding sites. It was observed that
there was a common binding site between miR-875 and the
3'-untranslated region of SATB2, a tumor suppressor (23),
which was further verified using a luciferase reporter
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Table I. Correlation between HLA complex group 11 expression and clinical characteristics in non-small cell lung cancer patients.

HCGI11 expression

Variable n High, n=42 Low, n=43 P-value
Age 0.452
<60 37 20 17
>60 48 22 26
Sex 0.593
Male 47 22 25
Female 38 20 18
Smoking history 0.16
Yes 45 19 26
No 40 23 17
Tumor size 0.006*
>3 cm 35 11 24
<3 cm 50 31 19
Differentiation 0.208
Well/moderate 53 29 24
Poor 32 13 19
Histological subtype 0.622
Adenocarcinoma 31 17 14
Squamous cell carcinoma 43 19 24
Others 11 6 5
Tumor-Node-Metastasis stage 0.003*
I/ 51 32 19
/v 34 10 24
“P<0.01.
Table II. Univariate and multivariate analysis of variables for overall survival in non-small cell lung cancer patients.
Univariate analysis Multivariate analysis
Variables HR (95% CI) P-value HR (95% CI) P-value
Age 1.085 (0.683-1.945) 0.282 - -
Sex 0.967 (0.544-1.876) 0.368 - -
Smoking history 1.636 (0.795-2.418) 0.149 - -
Tumor size 2.978 (1.513-4.751) 0.004° 2.668 (1.243-4.421) 0.012*
Differentiation 1.785 (0.832-2.735) 0.117 - -
Histological subtype 1.213 (0.508-2.047) 0.456 - -
Tumor-Node-Metastasis stage 3.254 (1.362-4.356) 0.011* 2.874 (1.193-4.205) 0.025°
HLA complex group 11 expression 0.356 (0.224-0.643) 0.001° 0.435 (0.268-0.781) 0.008*

2P<0.01, "P<0.01. HR, hazard ratio; CI, confidence interval.

assay (Fig. 5A). Furthermore, it was noticed that SATB2
protein expression was significantly upregulated in
HCG11-overexpressing A549 cells in which miR-875 was
substantially reduced (Fig. 5B). These findings suggested
that SATB2 may be a direct target of miR-875. To further
confirm this hypothesis, a miR-875-mimic was used and

the transfection efficiency was confirmed by RT-qPCR
(Fig. 5C). Specifically, miR-875-mimic treatment could
increase miR-875 levels in HCG11-overexpressing A549
cells (Fig. 5D). Overexpression of miR-875 significantly
decreased the expression levels of SATB2, thereby reversing
the effects of HCG11 on NSCLC cells (Fig. 5E-I). Overall,
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Figure 2. HCGI1 inhibits proliferation, invasion and migration, and induces apoptosis of non-small cell lung cancer cells in vitro. (A) Reverse transcrip-
tion-quantitative PCR analysis of the expression levels of HCGI1 in the Control, Vector and HCG11 groups. (B) MTT analysis of cell proliferation in the
Control, Vector and HCGI1 groups. (C) Flow cytometry analysis of cell apoptosis in the Control, Vector and HCGI11 groups. (D) Western blot analysis of the
protein expression of PCNA, cleaved-caspase-3 and cleaved-caspase-9 in the Control, Vector and HCG11 groups. (E and F) Transwell invasion assays showing
(E) cell invasion and (F) migration in the Control, Vector and HCG11 groups. “P<0.01. HCG11, HLA complex group 11; PCNA, proliferation cell nuclear

antigen; Vector, empty vector control.

these findings show that HCGI11 may serve a critical role
in inhibiting the malignant phenotype of NSCLC cells by
regulating a miR-875/SATB?2 axis.

Discussion

Lung cancer is characterized by a high recurrence rate, high
mortality rate and low 5-year survival rate, and threatens the
lives of individuals worldwide (24-26). Although numerous
advances have been made in our understanding of the disease,
the prognosis remains unsatisfactory. Therefore, it is necessary
to identify more effective strategies for early prevention, detec-
tion and treatment of lung cancer. To the best of our knowledge,
the present study was the first to show that IncRNA HCGl11
functions as a tumor suppressor in NSCLC by regulating a
miR-875/SATB2 axis.

The role of IncRNAs in cancer is attracting increasing
attention (27-29). Due to the complexity of function and
heterogeneity of expression, they serve varying roles in
the development and metastasis dependent on the type of
cancer. For example, IncRNA H19 imprinted maternally
expressed transcript is upregulated and promotes carcino-
genesis and metastasis in gastric cancer (30). Additionally,
downregulation of IncRNA GASS5 contributes to cell
proliferation and predicts adverse consequences in cervical
cancer (31). Previous studies have shown that the IncRNA
HCGI11 affects the progression of glioma, prostate cancer
and hepatocellular carcinoma (32,33). However, to the best
of our knowledge, the expression levels and role of HCG11
in NSCLC have not yet been explored. The present study
revealed that the expression levels of HCGI11 were signifi-
cantly reduced postoperatively in tumor tissues compared
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with adjacent normal tissues obtained from patients with
NSCLC. Reduction in HCGI1 expression was observed
in different lung cancer cell lines. Of note, the survival
rate of patients with high HCGI1 expression was higher
than that of patients with low HCGI11 expression. Cox
regression analysis showed that HCGI11 expression was
an independent predictive factor for overall survival of
NSCLC patients. Therefore, these data suggest that HCG11
may exert an inhibitory effect on lung cancer progression.
In addition, HCGI1 could be used as a prognostic marker
of NSCLC.

Uncontrolled proliferation, increased invasion and migra-
tion, and decreased apoptosis are the primary causes of the
development and progression of cancer (34-36). In the present

study, overexpression of HCG11 significantly reduced cell
proliferation, invasion and migration, and induced apoptosis in
NSCLC cells. In line with these findings, the expression levels
of PCNA were decreased, and the levels of cleaved-caspase 3
and cleaved-caspase-9 were increased in NSCLC cells
following HCGI11 overexpression. More importantly, over-
expression of HCG11 also slowed NSCLC tumor growth in
nude mice. These results illustrated that HCG11 can inhibit the
development and progression of NSCLC.

Previous studies have revealed that HCGI1 is involved
in various types of cancer via targeting of miRNAs or
direct regulation of gene expression (19,37,38). For instance,
HCGI1 can affect the growth of glioma by regulating the
miR-496/cytoplasmic polyadenylation element binding
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protein 3 or miR-4425/metastasis associated 1 family
member 3 axis. Additionally, HCG11 is capable of promoting
prostate cancer progression by modulating miR-543 and the
AKT/mTOR signaling pathway (33). Furthermore, HCGI1 is
able to suppress the apoptosis of hepatocellular carcinoma
cells by regulating insulin like growth factor 2 mRNA
binding protein 1 (19). The present study revealed that HCG11
overexpression resulted in a significant reduction in miR-875
expression, and HCG11 expression was negatively associated
with miR-875 expression in NSCLC tissues. In particular, a
luciferase reporter assay demonstrated that HCGI11 could
function as a competing endogenous RNA to bind to miR-875.
A recent study reported that miR-875 is involved in facilitating
proliferation and inhibiting apoptosis of NSCLC cells (39).
Hence, the results of the present study indicated that upregula-
tion of HCGI1 can inhibit NSCLC tumor growth, potentially
by downregulating miR-875.

miRNAs regulate a wide range of cell biological func-
tions by inhibiting the translation of target genes (40-42).
Previous studies have shown that SATB2 is a cancer
suppressor gene and its expression is decreased in NSCLC
cells, and that downregulation of SATB2 promotes the
progression of NSCLC (43-45). However, how expression
of SATB?2 is regulated in NSCLC cells is still not fully

understood. In the present study, using bioinformatics
analysis and luciferase reporter assays, it was demon-
strated that SATB2 was a direct target gene of miR-875.
Consistently, it was noticed that SATB2 expression was
significantly increased in NSCLC cells following HCG11
overexpression. miR-875-mimic treatment significantly
reduced the HCG11 overexpression-induced upregulation of
SATB?2, thereby largely abrogating the effects of HCGI11 in
NSCLC cells. Taken together, these results suggested that
HCGI1 inhibited proliferation, invasion and migration, and
facilitated apoptosis of NSCLC cells, at least in part, by
regulating a miR-875/SATB2 axis. However, IncRNAs may
be involved in the regulation of cell biology via numerous
other mechanisms. Therefore, it is the possible that there
are other mechanisms which mediate the antitumor role of
HCGI1 in NSCLC.

In conclusion, the present study highlighted the importance
of HCGI1 in alleviating the malignant phenotype of NSCLC
cells by targeting a miR-875/SATB2 pathway. These data not
only further improve our understanding of the mechanism of
regulation of NSCLC, but also highlights a potential thera-
peutic target for management of NSCLC. Nevertheless, it is
necessary to further explore the pathogenesis of NSCLC and
treatment strategies.
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