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Introduction

Abstract

Background: Numerous studies have shown that long non-coding RNA
(IncRNA) is involved in various human diseases including non-small cell lung
cancer (NSCLC). The aim of this study was to explore the potential role of
IncRNA HCG11 in the pathogenesis of NSCLC.

Methods: The mRNA expression of HCGI1, miR-522-3p and SOCS5 was
detected by RT-qPCR. The regulatory mechanism of IncRNA HCG11 was inves-
tigated by CCK-8, transwell and dual luciferase reporter assays.

Results: Downregulation of IncRNA HCGI1 and upregulation of miR-522-3p
were found in NSCLC tissues and cells, and abnormal expressions of IncRNA
HCGI11 and miR-522-3p were related to adverse clinical outcomes of NSCLC
patients. LncRNA HCG11 acted as a molecular sponge for miR-522-3p. Func-
tionally, IncRNA HCGI1 inhibited cell viability, migration and invasion in
NSCLC by downregulating miR-522-3p. Further, miR-522-3p directly targeted
SOCS5. IncRNA HCGL11 could positively regulate SOCS5 expression in NSCLC.
In addition, HCG11 downregulation or miR-522-3p overexpression abolished the
inhibitory effect of SOCS5 on cell viability, migration and invasion in NSCLC.
Conclusions: LncRNA HCGI1 inhibits cell viability, migration and invasion in
NSCLC by functioning as a ceRNA of miR-522-3p to upregulate SOCSS5.

is reported to be very low.® Moreover, the timely detection
and treatment of early lung cancer can significantly

Non-small cell lung cancer (NSCLC) is one of the most
common cancers that cause cancer death, accounting for
85%-90% of lung cancer.” > NSCLC includes squamous
cell carcinoma, adenocarcinoma, and large cell carcinoma.
Compared with small cell carcinoma, NSCLC cells grow
and divide slowly, and metastasize relatively late.” Previous
studies have shown that smoking, occupational and envi-
ronmental exposure, ionizing radiation, and genetics are
associated with NSCLC occurrence.* At present, the treat-
ment of NSCLC mainly includes surgery, radiotherapy,
chemotherapy, molecular targeting and immunotherapy.
However, the prognosis for patients with NSCLC is poor.
About 75% of NSCLC patients are found to be in the mid-
dle and late stage of disease, and the five-year survival rate
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improve a patient’s prognosis. Therefore, exploring effec-
tive biomarkers for the early diagnosis of NSCLC is
important.

Long non-coding RNAs (IncRNAs) have become a hot
spot in the field of non-coding RNA research.” Current
research suggests that the functional mechanism of
IncRNA mainly includes the regulation of transcription,
post-transcriptional regulation, protein transport and
mRNA degradation. ° Many studies have shown that
IncRNAs can act as either tumor suppressors or promoters
in the occurrence and development of NSCLC, such as
PCNA-AS1 and FTX.'> "' LncRNA HLA complex group
11 (HCGI11) has been reported to be involved in human
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cancers. For example, it has been previously reported that
IncRNA HCG11 accelerated the progression of hepatocel-
lular carcinoma via miR-26a-5p/ATG12 axis,”> and
IncRNA HCG11 promoted cell proliferation and migration
in gastric cancer via targeting miR-1276/CTNNB1."> How-
ever, IncRNA HCG11 suppressed laryngeal carcinoma cell
progression via sponging the miR-4469/APOM axis.'*
LncRNA HCG11 has been found to inhibit glioma progres-
sion through cooperating with miR-496/CPEB3 axis."
These studies indicate that the function of IncRNA HCG11
is tissue specific. Moreover, the role of IncRNA HCGI11 in
NSCLC remains unclear.

Mechanistically, IncRNAs can exert function in human
cancers by acting as competing endogenous RNAs
(ceRNA) to regulate microRNA/gene axis. Here, miR-
522-3p was predicted to have a binding site with IncRNA
HCGI11. More importantly, downregulation of miR-522
has been found to suppress proliferation and metastasis of
NSCLC cells by directly targeting DENND2D.' In this
study, suppressor of cytokine signaling 5 (SOCS5) was
found to be a potential target of miR-522-3p. The role of
SOCS5 has been investigated in human cancers. Down-
regulation of SOCS5 has been detected in prostate and liver
cancers.'”” '® Functionally, IncRNA FER1L4 has been
reported to induce apoptosis and suppress EMT in osteo-
sarcoma cells via inhibiting miR-18a-5p to promote
SOCS5."” However, the function of SOCS5 as well as its
relationship with IncRNA HCG11 or miR-522-3p has not
been reported in previous studies.

Therefore, this study was designed to elucidate the role
of IncRNA HCGI11 and regulatory mechanism of HCG11/
miR-522-3p/SOCS5 in NSCLC. These results may potenti-
ate the discovery of new therapies for NSCLC.

Methods

Clinical tissues

A total of 62 NSCLC tissues and their adjacent normal tissues
were collected from patients in People’s Hospital of Rizhao.
Informed consents were obtained from all NSCLC patients.
None of the patients had received radiotherapy or chemother-
apy before surgery. This research was approved by the Institu-
tional Ethics Committee of People’s Hospital of Rizhao. The
tissues were frozen in liquid nitrogen and stored at —80°C.

Cell culture and transfection

Human normal bronchial epithelial cell line BEAS-2B and
lung cells NCI-H23 were purchased from the American
Type Culture Collection (ATCC, Manassas, VA, USA).
The growth conditions were 5% CO,, 37°C and culture
solution (90% DMEM medium +10% FBS).
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HCGL11 or SOCS5 overexpression plasmid was obtained
by cloning HCG11 or SOCS5 fragment into pcDNA3.1
empty vector (Invitrogen, Carlsbad, CA, USA). Short hair-
pin RNA (shRNA) against HCG11, miR-522-3p mimics or
inhibitor was synthesized by GenePharma (Suzhou,
China). The above-mentioned plasmids and oligonucleo-
tides were transfected into NCI-H23 cells by using
Lipofectamine 2000 reagents (Invitrogen). Untreated NCI-
H23 cells were used as the control (NC).

RT-qPCR

Total RNA was extracted from tissues and cells using TRIZOL
reagent (Invitrogen, USA) and the isolated RNA was treated
with RNase-free DNase I (Promega Corporation, Madison,
WI, USA). The concentration and purity of isolated RNA were
measured with a spectrophotometer. Purified RNA (0.5 pg/uL)
with nuclease-free water was used for cDNA synthesis using
PrimeScript RT Reagent Kit (TaKaRa, Dalian, China).
RT-qPCR assay was performing using SYBR Premix Ex Taq
(TaKaRa, Dalian, China) based on the manufacturer’s instruc-
tion. PCR was conducted under the following parameters: one
predenaturation cycle of one minute at 94°C, 34 cycles of 95°C
for 15 seconds, 59°C for 30 seconds, 72°C for two minutes and
a final extension at 72°C for five minutes. The mRNA and
miRNA levels were normalized by GAPDH or U6. The 2744
method was used to calculate the expressions of HCG11, miR-
522-3p and SOCS5. The primers used were: HCG11 forward
5'-GCT CTA TGC CAT CCT GCT T-3; reverse 5'-TCC CAT
CTC CAT CAA CCC-3; miR-522-3p forward: 5'-ACA CTC
CAG CTG GGC TCT AGA GGG AAG CGC-3' and reverse,
5'-TGG TGT CGT GGA GTC G-3'; U6-forward: 5'-GCT TCG
GCA GCA CAT ATA CTA AAA T-3 and reverse, 5'-CGC
TTC ACG AAT TTG CGT GTC AT-3'; SOCS5 forward:
5-ATA AGT GGA GAT GGT TCT GC-3' and reverse,
5-TCC TCC TGT GCA GAG TCC-3; GAPDH forward:
5'-ACA ACT TTG GTA TCG TGG AAG G-3/, and reverse,
5'-GCC ATC ACG CCA CAGTTT C-3'.

Cell counting kit-8 (CCK-8) assay

Transfected NCI-H23 cells (4 x 10° cells/well) in 96-well
plates were incubated for 24, 48, 72 or 96 hours, respectively.
The cells were then incubated with 10 pL CCK-8 reagents
for four hours. The medium was discarded and dimethyl
sulfoxide was added. The absorbance at 450 nm was detected
by a microplate reader (Olympus Corp., Tokyo, Japan).

Transwell assay

First, 60 pL of diluted Matrigel (3.9 pg/pL) was added to the
upper chamber for cell invasion. The cell migration assay
was performed without Matrigel. After 30 minutes, NCI-H23
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cell suspension (3 X 10> cells/well) was added to the
transwell upper chamber, and 500 pL of DMEM medium
(10% FBS) was added to 24-well plates in the lower chamber.
After 24 hours, 0.1% crystal violet was applied to stain the
moved cells. The stained cells were observed with a micro-
scope (Nikon, Tokyo, Japan) in five randomly chosen fields.

Dual luciferase reporter assay

The wild-type 3'-UTR of HCG11 or SOCS5 containing the
speculated binding sites for miR-522-3p was cloned into
the downstream of psiCHECK-2 vector (Promega, Fitch-
burg, WI, USA). The mutant HCG11 or SOCS5 luciferase
reporter vector was then constructed by mutating the miR-
522-3p binding sites. NCI-H23 cells were cotransfected
with miR-522-3p mimics and the luciferase vectors using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer’s protocol. Next, the
luciferase activity was observed by dual-luciferase reporter
assay system (Promega, USA) 48 hours after cell transfec-
tion. At 48 hours post-transfection, the relative reporter
activity was normalized by Renilla luciferase activity.
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Statistical analysis

Data were analyzed using SPSS 17.0 or Graphpad Prism 6 and
shown as mean =+ SD. Chi-squared test was used to analyze
the association between the clinical features and IncRNA
HCGI1 or miR-522-3p. Differences were analyzed using Stu-
dent #-test and one-way analysis of variance with Tukey’s post
hoc test. Statistical significance was set at P < 0.05.

Results

LncRNA HCG11 and miR-522-3p are
abnormally expressed in NSCLC

First, the expression levels of IncRNA HCGI11 and miR-
522-3p was examined in NSCLC tissues and cells. RT-
gPCR showed that IncRNA HCGI11 expression in NSCLC
tissues was lower than that in normal tissues (Fig 1a). Sim-
ilarly, downregulation of IncRNA HCGI11 was detected in
NCI-H23 NSCLC cells compared to human normal bron-
chial epithelial cell line BEAS-2B (Fig 1b). Moreover,
abnormal expression of IncRNA HCGI1 was related to
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Figure 1 LncRNA HCG11 and miR-522-3p are abnormally expressed in NSCLC. (a) LncRNA HCG11 expression was detected in NSCLC tissues and
normal tissues. (b) LncRNA HCG11 expression was compared between NCI-H23 NSCLC cells and human normal bronchial epithelial cell line BEAS-
2B. (c) MiR-522-3p expression was compared between NSCLC tissues and normal tissues. (d) MiR-522-3p expression was detected in NCI-H23
NSCLC cells and human normal bronchial epithelial cell line BEAS-2B. **P < 0.01.
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tumor size, TNM stage and lymph nodes metastasis in
NSCLC patients (Table 1). Next, we found that miR-
522-3p was upregulated in NSCLC tissues compared to
normal tissues (Fig 1c). Compared to human normal bron-
chial epithelial cell line BEAS-2B, miR-522-3p expression
was increased in NSCLC cells NCI-H23 (Fig 1d). In addi-
tion, abnormal expression of miR-522-3p was associated
with TNM stage and lymph nodes metastasis in NSCLC
patients (Table 1). These results indicate that lncRNA
HCGI11 and miR-522-3p may be involved in the pathogen-
esis of NSCLC.

LncRNA HCG11 acts as a molecular sponge
for miR-522-3p

The starBase database (http://starbase.sysu.edu.cn/) pre-
dicts that IncRNA HCGI1 has a binding site with miR-
522-3p (Fig 2a). Dual luciferase reporter assay was
designed to verify the above prediction. The results showed
that miR-522-3p mimics reduced the luciferase activity of
wt-HCG11, but had little effect on mut-HCG11 in NCI-
H23 cells (Fig 2b). Moreover, IncRNA HCGI11 was nega-
tively correlated with miR-522-3p expression in NSCLC
tissues (Fig 2c). Next, we found that HCGI11 vector
reduced miR-522-3p expression, while HCG11 siRNA
inhibited miR-522-3p expression in NCI-H23 cells
(Fig 2d). Meanwhile, IncRNA HCGI11 expression was
reduced by miR-522-3p mimics and promoted by miR-
522-3p inhibitor in NCI-H23 cells (Fig 2e). These findings
indicate that IncRNA HCGI11 acts as a molecular sponge
for miR-522-3p. A negative correlation between IncRNA
HCG11 and miR-522-3p expression was identified in
NSCLC tissues and cells.

G. Fan et al.

LncRNA HCG11 inhibits cell viability and
motility in NSCLC by downregulating miR-
522-3p

Next, the functional mechanism of IncRNA HCG11/miR-
522-3p was investigated in NSCLC cells. HCG11 vector or
HCGI11 vector+miR-522-3p mimics was transfected into
NCI-H23 cells. RT-qPCR showed that HCG11 expression
was enhanced by its vector in NCI-H23 cells. After trans-
fection of miR-522-3p mimics, the increased expression of
HCGI11 was reduced in NCI-H23 cells (Fig 3a). CCK-8
assay indicated that overexpression of HCGI11 inhibited
cell proliferation in NCI-H23 cells, and miR-522-3p over-
expression abolished the inhibitory effect of HCG11 on cell
proliferation in NCI-H23 cells (Fig 3b). Transwell assay
suggested that overexpression of HCGI11 inhibited NCI-
H23 cell migration and invasion, and the inhibitory effect
of HCG11 on NCI-H23 cell migration and invasion was
also weakened by miR-522-3p overexpression (Fig 3c,d).
Taken together, IncRNA HCGI11 inhibited cell viability
and motility in NSCLC by downregulating miR-522-3p.

SOCSS5 is a direct target of miR-522-3p

Further, TargetScan database (http://www.targetscan.org)
predicts that miR-522-3p has a binding site with the 3’-
UTR of SOCS5 (Fig 4a). Moreover, the role of SOCS5 has
been widely investigated in human cancers (exclude
NSCLC), indicating that SOCS5 can be stably expressed in
human cells and is involved in tumorigenesis. Luciferase
reporter assay showed that miR-522-3p mimics reduced
the luciferase activity of wt-SOCS5, but did not affect mut-
SOCS5 luciferase activity (Fig 4b). It demonstrates that

Table 1 Relationship between INcRNA HCG11 or miR-522-3p expression and clinicopathological characteristics in NSCLC patients

HCG11 miR-522-3p
Characteristics Cases High Low P-value High Low P-value
Age (years) 0.29 0.38
>60 40 12 28 22 18
<60 22 5 17 16 6
Gender 0.31 0.33
Male 42 9 33 28 14
Female 20 8 12 10 10
Tumor size (mm) 0.04* 0.07
<3 45 11 34 29 16
>3 17 6 1M 9 8
Lymph node metastasis 0.04* 0.03*
Yes 22 7 15 9 13
No 40 10 30 29 1
TNM stage 0.03* 0.03*
[l 41 9 32 26 15
=V 21 8 13 12 9

Statistical analyses were performed by the 2 test. *P < 0.05 was considered statistically significant.
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Figure 2 LncRNA HCG11 acts as a molecular sponge for miR-522-3p. (a) The binding sites between HCG11 with miR-522-3p. (b) Luciferase reporter
assay was performed to confirm the relationship between HCG11 with miR-522-3p. (c) MiR-522-3p was negatively correlated with HCG11 expres-
sion in NSCLC tissues. (d) MiR-522-3p expression was detected in NCI-H23 cells with HCG11 siRNA and vector. (e) HCG11 expression was detected
in NCI-H23 cells containing miR-522-3p mimics or inhibitor. Untreated NCI-H23 cells were used as the control (NC). **P < 0.01.

miR-522-3p directly targets SOCS5. Meanwhile, down-
regulation of SOCS5 was found in NSCLC tissues com-
pared to normal tissues (Fig 4c). Furthermore, miR-522-3p
was negatively correlated with SOCS5 expression in
NSCLC tissues (Fig 4d), and a positive correlation between
HCG11 and SOCS5 expression was found in NSCLC tis-
sues (Fig 4e). In addition, miR-522-3p mimics reduced
SOCS5 expression, while miR-522-3p inhibitor promoted
SOCS5 expression in NCI-H23 cells (Fig 4f). However,
SOCS5 expression was enhanced by HCGI1 over-
expression and decreased by HCG11 downregulation in
NCI-H23 cells (Fig 4g). Collectively, we determined that

Thoracic Cancer 11 (2020) 2877-2886

miR-522-3p directly targeted SOCS5, and IncRNA HCG11
can positively regulate SOCS5 expression in NSCLC.

LncRNA HCG11/miR-522-3p inhibits NSCLC
tumorigenesis by regulating SOCS5

To investigate whether SOCS5 regulates the tumorigenesis
of NSCLC by participating in IncRNA HCG11/miR-522-3p
axis, HCG11 siRNA or miR-522-3p mimics was transfected
into NCI-H23 cells containing SOCS5 vector. RT-qPCR
showed that the increased expression of SOCS5 induced
by SOCS5 vector was restored by HCG11 siRNA or

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 2881
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miR-522-3p mimics (Fig 5a). Functionally, upregulation of
SOCS5 was found to inhibit NCI-H23 cell proliferation.
However, HCG11 siRNA or miR-522-3p mimics weakened
the inhibitory effect of SOCS5 on cell proliferation in NCI-
H23 cells (Fig 5b). Additionally, cell migration and inva-
sion were restrained by SOCS5 overexpression in NCI-H23
cells, and HCG11 downregulation or miR-522-3p over-
expression abolished the inhibitory effect of SOCS5 on
NCI-H23 cell migration and invasion (Fig 5c,d). Collec-
tively, we determined that IncRNA HCG11 inhibited the
tumorigenesis of NSCLC by sponging miR-522-3p and
upregulating SOCS5.

2882 Thoracic Cancer 11 (2020) 2877-2886

Discussion

Recently, increasing numbers of IncRNAs have been
reported to be aberrantly expressed and participate in the
tumorigenesis of NSCLC, such as CCAT1 and SNHG6.>*
*! In this study, downregulation of IncRNA HCGI11 was
found in NSCLC and was related to adverse clinical out-
comes of NSCLC patients. Consistent with our results,
decreased expression of IncRNA HCG11 has been identi-
fied in cervical cancer and hepatocellular carcinoma.*> **
In addition, downregulation of IncRNA HCGI11 has been
reported to be associated with poor clinical outcomes and
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prognosis in patients with prostate cancer,”* which is simi- migration, whereas induce cell apoptosis in prostate can-
lar to our results. Functionally, overexpression of HCG11 cer.”” Here, we also found that upregulation of IncRNA
has been found to inhibit cell proliferation, invasion and HCG11 inhibited cell viability, migration and invasion in
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NSCLC. These findings indicated that IncRNA HCG11 acts
as tumor suppressor in the development of NSCLC.

Since the “competing endogenous RNA” (ceRNA)
hypothesis was proposed in 2011,%° the sponging effect of
IncRNAs on microRNAs has attracted more and more
attention. Similarly, IncRNA HCG11 has been reported to
suppress the growth of glioma through cooperating with
miR-4425/MTA3 axis.”” In the present study, IncRNA
HCGI1 acted as a molecular sponge for miR-522-3p.
Upregulation of miR-522-3p has also been detected in
NSCLC and is associated with adverse clinical outcomes in
NSCLC patients. Zhang et al. also reported that miR-522
expression was increased in NSCLC, and downregulation
of miR-522 suppressed proliferation and metastasis of
NSCLC cells.'® Moreover, we found that IncRNA HCGI11
inhibited cell viability and motility in NSCLC by
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downregulating miR-522-3p. Similarly, overexpression of
LINCO00261 has also been found to inhibit NSCLC cell pro-
gression by interacting with miR-522-3p.”® These results
indicate that miR-522-3p functions as a tumor promoter in
NSCLC.

In addition, we found that SOCS5 was a downstream
target of miR-522-3p. And SOCS5 was downregulated in
NSCLC tissues. The expression of SOCS5 was negatively
correlated with miR-522-3p level but positively correlated
with IncRNA HCGI11 level in NSCLC. Functionally,
upregulation of SOCS5 was found to inhibit cell prolifera-
tion, migration and invasion in NSCLC. Consistent with
our study, downregulation and inhibitory effect of SOCS5
have been found in breast and pancreatic cancer.”® ** In
the current study, overexpression of miR-522-3p was found
to weaken the inhibitory effect of SOCS5 in NSCLC,

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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suggesting that miR-522-3p promotes the development of
NSCLC by downregulating SOCS5. Su et al. also reported
that miR-885-5p upregulation promoted colorectal cancer
cell proliferation and migration by targeting suppressor of
SOCS5.”" Additionally, IncRNA HAND2-AS1 has been
reported to inhibit liver cancer cell proliferation and
migration by upregulating SOCS5.>* Here, downregulation
of HCG11 weakened the inhibitory effect of SOCS5 in
NSCLC, indicating that IncRNA HCGI11 restrains NSCLC
progression by upregulating SOCS5.

In conclusion, this study demonstrated that IncRNA
HCGI1 expression was decreased in NSCLC tissues and
cells, and abnormal expression of IncRNA HCG11 was
related to adverse clinical outcomes in NSCLC patients.
Functionally, IncRNA HCGI1 inhibited cell viability,
migration and invasion in NSCLC by functioning as a
ceRNA of miR-522-3p to upregulate SOCS5. Therefore,
our study indicates that IncRNA HCG11 may be a poten-
tial therapy target for NSCLC.
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