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Purpose: Long noncoding RNAs (LncRNAs) play complex but important roles in the
progression of various tumors. This study aimed to elucidate the functional mechanisms of
the HLA complex group 11 (HCG11) in nasopharyngeal carcinoma (NPC).

Patients and Methods: HCG11 levels in NPC specimens were determined by
fluorescence in situ hybridization (FISH) and qPCR. Proliferation, apoptosis, and
metastasis of NPC cells were determined using CCK8, colony formation, annexin V-PI,
and transwell assays. A murine tumor xenograft model was used to investigate the
regulatory function of HCG11 in NPC in vivo, and immunohistochemical staining was used
to determine the Ki-67 level in tumors. The target relationships between HCG11,
microRNA miR-490-3p, and MAPK kinase kinase 9 (MAP3K9) were detected using
bioinformatics, qPCR, western blotting, and luciferase reporter assays.

Results: HCG11 was highly expressed in NPC tissues and was positively associated with
tumor stage, lymphatic metastasis, and poor prognosis. Functionally, HCG11 knockdown
inhibited proliferation and migration and induced apoptosis of NPC cells. Mechanistically,
miR-490-3p is a direct target of HCG11, oncogenic functions of HCG11 in NPC cell
proliferation and migration can be partially reversed by the miR-490-3p inhibitor. HCG11
significantly increased mitogen-activated protein kinase MAPK kinase 9 (MAP3K9) levels
by inhibiting miR-490-3p.

Conclusion: HCG11 facilitates NPC progression via MAP3K9 signaling by sponging
miRNA-490-3p, which may contribute to new prognostic markers and promising
therapeutic targets.
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INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a head and neck tumor
originating from the nasopharynx and is widespread in Asia (1).
Patients with NPC are usually treated by surgical removal,
radiation therapy, and chemotherapy, depending on the size
and extent of the tumors (2, 3). Although the clinical treatment
and management of NPC vary at present, the prognostic
condition of NPC patients is still poor because of local
invasion and metastasis (1). Therefore, it is necessary to
investigate the underlying mechanisms of NPC development
and metastasis (4).

Cancer is a multifaceted disease involving various epigenetic
alterations, chromosomal translocations, genetic mutations, and
amplification (5, 6), particularly long non-coding RNAs
(lncRNAs) and microRNAs (miRNAs) (7). Accumulating
studies have shown that lncRNAs and miRNAs are particularly
expressed in different types and pathophysiological stages of
tumors, making them promising molecular diagnostic markers
for a variety of cancers. As emerging transcripts, lncRNAs are
over 200 nucleotides in length and are rarely translated into
proteins (8). At present, lncRNAs have been found to regulate
chromatin dynamics, gene expression, tumor progression
(proliferation, apoptosis, metastasis), cell metabolism and
drug-resistance (7, 9). lncRNAs can modulate oncogenic and
tumor-suppressing pathways by acting as competing
endogenous RNAs (ceRNA) to competitively bind to miRNAs
(7, 9, 10). For example, the lncRNA ARHGAP18 promotes
tumor metastasis in HCC via miR-153-5p (11). HNF1A-AS1 is
induced by MYC to facilitate glioma progression through miR-
32-5p/SOX4 (12). H19 lncRNA is involved in cancer progression
by activating epithelial–mesenchymal transition (EMT), cell
cycle, and angiogenesis by sponging miRNAs (13).

HLA complex group 11 (HCG11) is a recently identified
lncRNA closely associated with gastric tumors (14), lung cancer
(15), glioma (16), and cervical cancer (17); however, its roles of
HCG11 in various tumors are distinct. Moreover, the correlation
between HCG11 and NPC is undefined, and the underlying
mechanism has not yet been studied. Understanding the
expression pattern and regulatory mechanisms of HCG11 may
contribute to new prognostic markers and potential therapeutic
targets for NPC.

miRNAs are highly conserved single-stranded noncoding
RNAs of 20–23 nucleotides in length (18), which have been
found to modulate the progression of various tumors, such as
proliferation, apoptosis, and invasion, by downregulating
oncogenes or tumor suppressor genes (19). miRNAs can
partially bind mRNA at the 3-UTR (complementary
sequences), which results in the blocking and degradation of
translation of the target genes (18, 19). For example, microRNA-
139 can negatively regulate KPNA2 to suppress hepatoma cell
progression (20). MiR-9 is involved in promoting EMT and
invasion by regulating LZTFL1 and PTEN. MiR-20a and miR-93
can induce angiogenesis in breast cancer by targeting VEGF.
miR-21 suppresses breast tumorigenesis and angiogenesis by
targeting the VEGF/VEGFR2/HIF1a axis (21). Ectopic
expression of miR-490-3p is found in lung adenocarcinoma
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(22), esophageal cancer (23), colorectal carcinoma (24) and
other tumors, which is associated with the clinical outcomes (25).

However, the miR-490-3p level in NPC is unknown, and the
interaction between HCG11 and miR-490-3p, and also the
underlying mechanism, are also largely undefined.

This study aimed to determine HCG11 levels in NPC and
elucidate its role in NPC. The results showed that HCG11 was
aberrantly expressed in NPC tissues compared to matched
adjacent normal tissues. Moreover, HCG11 expression
positively correlated with tumor stage and lymphatic
metastasis. In contrast, NPC patients with higher HCG11
levels had shorter survival times. A mechanistic study showed
that HCG11 promotes NPC progression by regulating mitogen-
activated protein kinase MAPK kinase kinase 9 (MAP3K9)
signaling by competitively sponging miR-490-3p. Our study
reveals that HCG11 participates in the progression of NPC and
may be a promising therapeutic target and a new diagnostic
marker for NPC.
MATERIAL AND METHODS

Clinical Specimens
NPC tissues from 126 patients with NPC underwent primary
surgery without any preoperative local or systemic antitumor
treatment. All the enrolled cases were histopathologically
confirmed. Studies on human NPC specimens were approved
by the Ethical Committee of the Affiliated Hospital of Zhengzhou
University (Henan, China).

Cell Culture
Human NPC cell l ines (5-8F, CNE-1, CNE-2) and
nasopharyngeal epithelial cell line (NP69) were purchased
from the National Collection of Authenticated Cell Cultures
and authenticated by STR profiling. Cells were contained in
RPMI1640 medium (C11875500BT, Gibco) with 10% FBS
(C0232, Gibco) and 1% PS (V900929, Sigma-Aldrich). Cells
were cultured at 37°C, 5% CO2 incubator.

Bioinformatics Analyses
The interaction between lncRNAs and miRNAs was obtained
from the Starbase database. The KEGG pathway enrichment
analysis was performed for target mRNAs downstream of miR-
490-3p by the “Clusterprofiler” package in R version 4.0.2. The
target genes of miR-490-3p were acquired using TargetScan,
miRDB, and miRTarBase.

Q-PCR
Total RNA from cell lines and fresh NPC tissues (n = 12) was
extracted using TRIzol reagent (15596026, Invitrogen). A
QuantiTect Reverse Transcription Kit (205311, QIAGEN) was
used for cDNA synthesis from the extracted RNA. SYBR Green
Real-time PCR Master Mix (QPK-201, Solarbio) was used for
qPCR. HCG11, miR-490-3p, miR-1297, miR-455-5p, MAP3K9,
CLCC1, NUFIP2, PAPPA, RBPJ, and SMARCD4 levels were
normalized (Table S1).
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Cell Transfection
NC siRNA, HCG11 siRNA, NC shRNA, HCG11 shRNA,
miRNA mimics, and inhibitor were obtained from the RiboBio
Co. Ltd. HCG11 siRNA sequence: GAATATCTGAGGTG
ACAAT. NPC cells were transferred using Lipofectamine
(13778030, Thermo Fisher) for the indicated times. In
addition, tumor cells were transduced with control pLKO.1
lentivirus or lentivirus encoding HCG11 shRNA, and stably
expressing cells were screened using puromycin.

Fluorescence In Situ Hybridization (FISH)
An RNA FISH kit (430601, Gene Pharma) was used for lncRNA
expression analysis in NPC according to the instructions of the
manufacturer. Briefly, tissue sections were dewaxed, treated with
protease, preheated, and hybridized with HCG11 FISH probes
(RiboBio) overnight. Thereafter, the tissue sections were washed
and stained with DAPI. The images were captured using a
fluorescence microscope. The HCG11 score was determined by
multiplying the intensity of immunostaining and the percentage
of HCG11-positive cells.

Colony Formation Assay
NPC cells were seeded in culture plates (500/well) for 1 week.
Thereafter, tumor cells were washed for three times, fixed with
paraformaldehyde (PFA, P0099, Beyotime) for 10 min, and
stained for 10 min with 0.1% crystal violet (548-62-9,
ChenSrc). Images were acquired and quantified by analyzing
the colon numbers and size.

CCK8 Assay
For the CCK8 assay, NPC cells were inoculated in 96-well culture
plates (1000/well) and cultured for four days. The proliferation
rate of NPC cells was determined by the CCK8 (CK04, Dojindo).
CCK8 cells were incubated for 1 h and tested every 24 h using a
microplate reader.

Cell Apoptosis Analysis
NPC cells were transfected with NC siRNA orHCG11 siRNA for
48 h. Thereafter, cells were incubated with or without cisplatin
(HY-17394, MCE, 30 mM). Cell apoptosis was determined using
an Annexin V-FITC/PI Kit (A211-01, Vazyme) according to the
instructions of the manufacturer.

Transwell Assay
Briefly, cells were starved for 12 h in medium without serum, and
3 × 103 cells were digested and then added to the upper
compartment of Transwell (3422, Corning) with 200 ml
medium containing 1% FBS. The lower compartment was
filled with medium (with 10% FBS). After culturing for 48 h,
NPC cells were removed from the inner membrane. The upper
Transwell insert was fixed with PFA for 10 min, stained for 10
min with 0.1% crystal violet. The cells on the outer membrane
were imaged under a microscope and analyzed.

Tumor Xenograft Models
First, 5-8F cells stably overexpressing the HCG11 shRNA-
pLKO.1 vector were generated. For the in vivo assay, 1 × 106
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cells (WT, HCG11 shRNA) were subcutaneously injected into
female BALB/c nude mice (7 weeks-old). The tumor volume was
measured daily. Mice were euthanized 19 days after injection.
Thereafter, tumors were obtained for further analysis. Animal
experiments were approved by the Committee of Use of Animal
Care at the Affiliated Hospital of Zhengzhou University.

H&E and Immunohistochemistry
Tumor tissue slices were prepared to prepare paraffin sections.
The slices were subsequently subjected to H&E staining and
immunostaining for Ki67 (9129, Cell Signaling Technology) by
Servicebio Co., Ltd.

Dual‐Luciferase Reporter Assay
The binding sites of three miRNAs (miR-490-3p, miR-1297, and
miR-455-5p) in HCG11 were cloned into the PGL3-CMV-LUC-
plasmid (Promega) and constructed as PGL3-CMV-LUC-lncRNA
HCG11 WT (HCG11-WT) or PGL3-CMV-LUC-lncRNA HCG11
mutant (HCG-Mut) plasmids. The MAP3K9 promoter containing
miR-490-3p binding sites was cloned into the PGL3-CMV-LUC-
plasmid (Promega) andconstructed asPGL3-CMV-LUC-MAP3K9.
Thereafter, 5-8F cells were transfected with PGL3-CMV-LUC and
pRLTK (Promega)withmiRNAmimics,miRNA inhibitors, ormiR-
NC using Lipofectamine 2000. A dual-luciferase reporter assay kit
(DL101-01, Vazyme) was used to detect the luciferase activity.

Western Blot
Total protein was extracted from RIPA-lysed cells. Proteins were
subjected to SDS-PAGE (P0012A; Beyotime), conducted
transmembrane with polyvinylidene fluoride (IPVH00010;
Millipore), blocked with milk, and incubated with primary
antibodies at 4°C overnight. The primary antibodies used were
anti-MAP3K9 (ab154506, Abcam) and anti-alpha tubulin
(ab18251, Abcam). After primary antibody incubation,
secondary antibody incubation was conducted for 1 h. The
protein bands were analyzed using a chemiluminescence
system (GE Healthcare).

Statistical Analyses
All data are presented as mean ± SEM. The Student’s t-test was
used to analyze the differences between the two groups. One-way
analysis of variance was used to analyze the differences among
multiple groups. p <0.05 was considered statistically significant.
RESULTS

HCG11 Is Highly Expressed in the NPC
Tissues and NPC Cell Lines
First, this study used FISH to test HCG11levels in NPC
pathological tissues (n = 126) and normal adjacent tissues
(n = 12). FISH analysis revealed that HCG11 was highly
expressed in NPC tissues (Figures 1A, B), which was further
verified by qPCR in fresh NPC samples (n = 12) and normal
adjacent tissues (n = 12) (Figure 1C). HCG11 levels were
consistently elevated in NPC cell lines (CNE-1, CNE-2, and 5-
8F) compared to those in normal NP69 cells (Figure 1D).
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High-Expressed HCG11 Is Associated With
Poor Prognosis in NPC
To investigate the potential clinical significance of HCG11,
we measured the level of HCG11 in clinical NPC tissues (n = 126)
andanalyzed thecorrelationsbetweenHCG11andclinicopathological
parameters of NPC patients (Table 1 and Figure 2). We found that
HCG11 was dramatically higher in advanced-stage NPC tumors
(Figures 2A, B) and lymphatic metastasis (Figures 2C, D).
Correlation analysis showed that HCG11 expression was positively
associated with tumor size (Figure 2E). NPC patients with higher
HCG11 levels showed a poor prognosis and shorter survival time
(Figure 2F). The results indicate that HCG11 may be an important
prognostic marker for patients with NPC.

HCG11 Silencing Suppresses Proliferation
and Migration in NPC
The biological functions of HCG11 in NPC were further
explored. HCG11 siRNA was transfected into 5-8F and CNE-2
cells and found that HCG11 expression was significantly silenced
(Figure 3A). Colony formation and CCK8 assays showed
that cell proliferation capacity was inhibited by silencing
HCG11 in 5-8F and CNE-2 cells (Figures 3B–D). Moreover,
flow cytometry analysis indicated that HCG11 knockdown
significantly increased the apoptotic rate of 5-8F and CNE-2
cells (Figure 3E). We found a positive correlation between
A

B DC

FIGURE 1 | HCG11 is highly expressed in the NPC tissues and NPC cell lines. (A, B) FISH analysis of HCG11 level in the NPC pathological tissues (n = 126) and
normal adjacent tissues (n = 12).Scale bar, 20 mm. (C) QPCR analysis of HCG11 in fresh NPC tissue samples and adjacent tissues (n = 12 per group). (D) QPCR
analysis of HCG11 expression in epithelial cells NP69 and NPC cell lines (5-8F, CNE-1, CNE-2). Data were presented as Mean ± SEM. **p < 0.01, ***p < 0.001.
These experiments were repeated twice (D).
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TABLE 1 | High and low HCG11 expression in nasopharyngeal carcinoma
in the study population (n = 126) and stratified according to demographic and
clinical variables.

Pathological
feature

LncRNA HCG11 p-value

Sample
amount

Low
expression

high
expression

Sex
Male 81 52 29 p >0.05
Female 45 23 22

Age (y)
<55 75 41 34 p >0.05
≥55 51 34 17

Tumor size
≤1.5 cm 80 61 19 p <0.01
>1.5 cm 46 14 32

AJCC stage
I–II 93 71 22 p <0.001
III–IV 33 4 29

Lymph node
metastasis
N0 87 58 29 p <0.001
N1–N2 39 17 22

Distant metastasis
M0 100 61 39 p <0.001
M1 26 14 12
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HCG11 expression and lymph node metastasis (Figures 2C, D)
and further investigated the role of HCG11 in cell migration.
Transwell assays showed that 5-8F and CNE-2 cells with HCG11
silencing exhibited lower migration ability (Figures 3F, G).

We also investigated the role of HCG11 in NPC progression in
vivo. First, we stably transfected 5-8F cells with the pLKO.1-empty
vector and pLKO.1-HCG11-shRNA vector (Figure 4A). Control
5-8F or HCG11-shRNA 5-8F cells (1 × 106 cells) were inoculated
subcutaneously into BALB/c nude mice. During the establishment
of the 19 days, 5-8F cells with HCG11 knockdown showed a
decreased growth rate (Figure 4B), which was further confirmed
by the smaller average volume and lighter tumor weight in the
HCG11shRNA group (Figures 4C, D). HCG11 expression in
resected tumor tissues was significantly downregulated in the
HCG11 shRNA group, as detected by FISH. The percentage of
Ki67-postive cells was reduced in HCG11 knockdown tumor
tissues, as determined by immunohistochemistry (Figure 4E).
Moreover, we found a positive correlation between HCG11
levels and tumor weight (Figure 4F), which is consistent with
previous results (Figure 2E). In summary, these results indicated
that HCG11 plays an oncogenic role in NPC.
Frontiers in Oncology | www.frontiersin.org 5
miR-490-3p Is a Downstream Target
of HCG11
It has been established that lncRNAs can sponge miRNAs to
regulate specific genes and affect cancer malignant phenotypes (7),
whereas the correlation between miRNAs and HCG11 in NPC
remains to be explored. In this section, we first obtained the
interaction between HCG11 and miRNA from the StarBase
database and database analysis. The results showed that miR-
490-3p, miR-1297, and miR-455-5p are potential targets of
HCG11 (Figure 5A). qPCR analysis revealed higher levels of
miR-490-3p, but not miR-455-5p or miR-1297, were observed
in 5-8F and CNE-2 cells transfected with HCG11 siRNA
(Figure 5B). To further confirm whether miR-490-3p is a target
of HCG11, we co-transfected miR-490-3p mimics with PGL3-
CMV-LUC.miR-490-3p expression was significantly upregulated,
and the luciferase activity of HCG11 WT was significantly
inhibited, but not the HCG11 mutant (Figures 5C, D). The
luciferase reporter assay further suggested that HCG11 does not
contain binding sites for miR-455-5p or miR-1297 (Figure S1).
Moreover, we confirmed the correlation between HCG11 and
miR-490-3p in NPC tissues and found that miR-490-3p was
A B

D

E F

C

FIGURE 2 | High-expressed HCG11 is associated with poor prognosis in NPC. (A–D) H&E staining, FISH, and quantitative analysis of HCG11 expression in the
NPC tissues with low stage (stage I, n = 45; stage II, n = 48), high stage (stage III, n = 30; stage IV, n = 3) (A, B) and also non-metastasis (n = 77) and metastasis
(n = 49) (C, D).Scale bar, 20 mm. (E) Correlation between HCG11 expression and tumor volume was performed in NPC tissues. (F) Survival curve of NPC patients
with different HCG11 levels (low HCG11, n = 75; high HCG11, n = 51) was shown. Data were presented as Mean ± SEM. ***p < 0.001.
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downregulated in NPC tumors (Figure 5E), which was negatively
associated with HCG11 (Figure 5F). In summary, these results
indicated that miR-490-3p is negatively regulated by HCG11.

Oncogenic Function of HCG11
Was Partially Reversed by
miR-490-3p in NPC Cells
We then investigated whether HCG11 regulated NPC progression
by inhibiting miR-490-3p. In colony formation and CCK8 assays,
cell proliferation capacity was significantly inhibited by
downregulating HCG11 in 5-8F cells, which could be partially
rescued by miR-490-3p inhibitor (Figures 6A–D). We also
investigated the role of HCG11/miR-490-3p in cell migration. 5-
8Fcell lines transfectedwithHCG11siRNAshowed lowermigration
ability compared to the control siRNAgroups,while themiR-490-3p
inhibitor significantly reversed the impaired migration ability of 5-
8F cells with HCG11 silencing (Figures 6E, F). Therefore, HCG11
can regulate NPC cell proliferation and migration via the negative
regulation of miR-490-3p.
Frontiers in Oncology | www.frontiersin.org 6
HCG11 Regulates NPC Cells via
miR-490-3p/MAP3K9 Signaling
It is known that ncRNA–mRNA interactions are involved in
various tumor processes (7). miRNAs bind to the 3-UTR of
mRNAs at partially complementary sequences to regulate the
blocking/degradation of mRNA translation. To confirm the
oncogenic genes, the KEGG pathway enrichment analysis was
performed for target mRNAs downstream of miR-490-3p by the
“Clusterprofiler” package in RStudio. We also identified the
downstream targets of miR-490-3p using TargetScan, miRDB,
and miRTarBase. A bioinformatics analysis showed that MAP3K9
may be a potential target of miR-490-3p (Figures 7A, B). As a
serine/threonine protein kinase, MAP3K9 functions as an
upstream activator of MAPK signaling, which is involved in
tumor progression. A qPCR analysis revealed that the miR-490-
3p mimic significantly downregulated MAP3K9 (Figure 7C). To
confirm the relationship of miR-490-3p and MAP3K9, we co-
transfected miR-490-3p mimic or miR-490-3p inhibitor with
PGL3-CMV-LUC-MAP3K9, the luciferase activity of MAP3K9
A
B

D E

F G

C

FIGURE 3 | HCG11 silencing suppresses proliferation and migration in NPC cells. (A) QPCR analysis of HCG11 expression in 5-8F and CNE-2 cells transferred with
control or HCG11 siRNA. (B–D) Proliferation capacity of 5-8F and CNE-2 cell lines transferred with control or HCG11 siRNA was confirmed with colony formation (B)
and CCK8 assay (C, D). (E) Flow cytometry analysis of the apoptosis of 5-8F and CNE-2 cells transferred with control or HCG11 siRNA. (F, G) Transwell assay
examined cell migration of 5-8F (F) and CNE-2 cells (G) transferred with control or HCG11 siRNA. Scale bar, 50 mm. Data were presented as Mean ± SEM.
*p < 0.05, **p < 0.01. These experiments were repeated three times.
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A B
D

E
F

C

FIGURE 4 | HCG11 knockdown inhibited NPC tumor progression in nude mice. Control or HCG11shRNA-transfected 5-8F cells (A) were inoculated into the backs
of nude mice. (B–D)Tumor growth curve (B), tumor graph (C), and tumor weight (D) in HCG11-shRNA and control 5-8F tumors are shown. (E) H&E, HCG11, and
Ki67 staining are shown in 5-8F tumors. Scale bar, 50 mm. (F) Correlation analysis of HCG11 levels and tumor weight in 5-8F tumors. Data are presented as mean ±
SEM. *p < 0.05, **p < 0.01, ***p < 0.001. n = 7 mice per group.
A B

D

E F

C

FIGURE 5 | miR-490-3p is a downstream target of HCG11. (A) Bioinformatics analysis of miRNAs targets of HCG11. (B) QPCR analysis of miR-490-3p, miR-1297
and miR-455-5p level in 5-8F cells transferred with HCG11 siRNA and control siRNA. (C) QPCR analysis of miR-490-3p in 5-8F cells (Control, miR-490-3p mimic).
(D) 5-8F cells were co-transfected with PGL3-CMV-LUC-lncRNA HCG11 WT (HCG11 WT) or PGL3-CMV-LUC-lncRNA HCG11 mutant (HCG Mut) and control or
miR-490-3p mimic. Luciferase activity of HCG11 WT or HCG11 Mut was determined. (E) QPCR analysis of miR-490-3p in NPC tissues and adjacent tissues (n=12).
(F) Correlation between HCG11 expression and miR-490-3p was performed in NPC tissues. Data were presented as Mean ± SEM. Ns, p > 0.05, * p < 0.05, ** p <
0.01, *** p < 0.001. These experiments were repeated for three times (B–D).
Frontiers in Oncology | www.frontiersin.org April 2022 | Volume 12 | Article 8720337
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was significantly inhibited bymiR-490-3p mimic and enhanced by
amiR-490-3p inhibitor (Figure 7D).

To further investigate whether HCG11 regulates miR-490-
3p/MAP3K9 signaling in NPC cells, we co-transferred HCG11
siRNA and miR-490-3p inhibitor in 5-8F cells. MiR-490-3p
was significantly inhibited by the miR-490-3p inhibitor
(Figure 7E) and thus upregulated MAP3K9 levels
(Figures 7F–H). HCG11 knockdown upregulated miR-490-3p
expression (Figure 7E) and significantly downregulated
MAP3K9 expression (Figures 7F–H). In summary, HCG11
regulates NPC cells through miR-490-3p/MAP3K9 signaling.
DISCUSSION

Studies focusing on lncRNAs regulating and integrating oncogenes
have been widely conducted, providing significant implications for
understanding tumor progression. Approximately 60,000
lncRNAs have been identified, which account for more than
50% of the cellular transcriptome; however, only less than 10%
have been demonstrated aberrantly expressed and functional in
cancers (9). However, the effect of HCG11 on cancer remains
controversial. This study found that lncRNA HCG11 was highly
expressed in NPC and promoted tumor progression by regulating
MAP3K9 signaling by competitively sponging miR-490-3p.

Through FISH analysis of NPC and normal tissues, we found
that HCG11 was significantly overexpressed in NPC tumors, which
was identified by qPCR analysis of HCG11 levels in fresh NPC
samples and cells. We further divided patients according to TNM
and found that HCG11 was dramatically higher in NPC tumors
with advanced stage and lymphatic metastasis but was negatively
associated with the survival of NPC patients. In vitro and in vivo
Frontiers in Oncology | www.frontiersin.org 8
experiments showed that HCG11 knockdown significantly reduced
cell proliferation, which was consistent with the high apoptosis rate
and decreased migratory ability of NPC cells, demonstrating the
critical role of HCG11 in NPC tumorigenesis and metastasis.

Increasing evidence shows that lncRNAs regulate tumor cells
through oncogenic or tumor-suppressing pathways via direct
chromatin remodeling, post-transcriptional regulation, and
translational control (26). lncRNAs can regulate cancer cells by
interdicting the effects of miRNAs as miRNA sponge (9). For
example, the lncRNA ARHGAP18 promotes tumor metastasis in
HCC via miR-153-5p (11). In CRC, MCM3AP-AS1 regulates
miR-193a-5p/SENP1 to promote cell activity (27). HNF1A-AS1 is
induced by MYC to facilitate glioma progression through miR-
32-5p/SOX4 (12). The ectopic miR-490-3p expression exists in
colon cancer, esophageal squamous cell carcinoma, and other
cancers. The tumor inhibitory function of miR-490-3p is also
found in various cancers; for example, miR-490-3p influences
hepatic carcinoma by downregulating TNKS2 (28). MiR-490-3p
can also inhibit biological characteristics by reducing TGFbR1 in
colon cancer cells (29). Although miRNAs have been studied in
various cancers, the correlation between miRNAs and lncRNAs
in NPC remains unclear. qPCR and dual-luciferase reporter
assays demonstrated that HCG11 could target the binding sites
of miR-490-3p. MiR-490-3p silence by HCG11 reduced the
proliferation and migration ability of NPC. HCG11 and miR-
490-3p can compete with each other and regulate MAP3K9
signaling, providing important clues for understanding the
importance of lncRNA–miRNA functional networks in cancer.

Because of their high expression and specificity in many
cancers, lncRNAs can be a basis for many clinical applications
in oncology (30). MIR31HG is a novel factor involved in
melanoma progression (31). Increased expression of FAM83H-
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F

C

FIGURE 6 | Oncogenic function of HCG11 was partially reversed by miR-490-3p in NPC cells. (A) QPCR analysis of miR-490-3p in 5-8F cells (control, miR-490-3p
inhibitor). (B–D) Proliferation capacity of 5-8F cells transferred with miR-490-3p inhibitor or HCG11 siRNA was confirmed using colony formation assay (B, C) and
CCK8 assay (D). (E, F) Cell migration of 5-8F cells transferred with miR-490-3p inhibitor or HCG11 siRNA was confirmed by transwell assay. Data were presented
as Mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001. These experiments were repeated for three times.
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AS1 may predict poor prognosis in cancer patients (32). In this
study, HCG11 was positively correlated with advanced stage and
lymph node metastasis and negatively associated with NPC
patient survival. The novel lncRNA HCG11 and mRNA
biomarkers associated with clinical traits provided new insights
into prognostic markers and effective treatment of NPC.
CONCLUSIONS

HCG11 facilitates NPC progression via MAP3K9 signaling by
sponging miRNA-490-3p, which may contribute to new
prognostic markers and promising therapeutic targets.
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expression of MAP3K9 was confirmed in 5-8F cells transferred with miR-490-3p inhibitor or HCG11 siRNA. Data were presented as Mean ± SEM. Ns, p > 0.05,
* p < 0.05, ** p < 0.01, *** p < 0.001. These experiments were repeated for three times (C–H).
April 2022 | Volume 12 | Article 872033

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zheng et al. Nasopharyngeal Carcinoma Progression
informed consents were obtained from all patients’ family. The
patients/participants provided their written informed consent to
participate in this study. The animal experiments were approved
by the committee of Use of Animal Care in the Affiliated
Hospital of Zhengzhou University. Written informed consent
was obtained from the owners for the participation of their
animals in this study.
AUTHOR CONTRIBUTIONS

JZ conceived the research. JZ and ZZ conducted the experiments.
HR, YW and CZ performed data analysis. WZ and XM
contributed to the revision of the manuscript. LM and XL gave
the final approval. All authors contributed to the article and
approved the submitted version.
Frontiers in Oncology | www.frontiersin.org 10
FUNDING

This study was supported by grants from the Henan Provincial
Health and Health Commission, Medical Science and
Technology, and Provincial Ministry Co-Construction Project
(Grant No. SBGJ2018018). This study was also funded by the
following three fundings: Natural Science Foundation of Henan
(212300410395), the Science and Technology Project of Henan
province of China (Grant No. 212102310620) National Natural
Science Foundation of China (Grant No. 82172351).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
872033/full#supplementary-material
REFERENCES
1. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal

Carcinoma. Lancet (2019) 394(10192):64–80. doi: 10.1016/S0140-6736(19)
30956-0

2. Lee AWM, Ng WT, Chan JYW, Corry J, Mäkitie A, Mendenhall WM, et al.
Management of Locally Recurrent Nasopharyngeal Carcinoma. Cancer Treat
Rev (2019) 79:101890. doi: 10.1016/j.ctrv.2019.101890

3. Lee VH, Lam KO, Chang AT, Lam TC, Chiang CL, So TH, et al. Management
of Nasopharyngeal Carcinoma: Is Adjuvant Therapy Needed? J Oncol Pract
(2018) 14(10):594–602. doi: 10.1200/JOP.18.00219

4. Lee HM, Okuda KS, Gonzalez FE, Patel V. Current Perspectives on
Nasopharyngeal Carcinoma. Adv Exp Med Biol (2019) 1164:11–34. doi:
10.1007/978-3-030-22254-3_2

5. Hinshaw DC, Shevde LA. The Tumor Microenvironment Innately Modulates
Cancer Progression. Cancer Res (2019) 79(18):4557–66. doi: 10.1158/0008-
5472.CAN-18-3962

6. Stratton MR, Campbell PJ, Futreal PA. The Cancer Genome. Nature (2009)
458(7239):719–24. doi: 10.1038/nature07943

7. Chan JJ, Tay Y. Noncoding RNA: RNA Regulatory Networks in Cancer. Int J
Mol Sci (2018) 19(5):1310. doi: 10.3390/ijms19051310

8. Beermann J, Piccoli MT, Viereck J, Thum T. Non-Coding RNAs in Development
and Disease: Background, Mechanisms, and Therapeutic Approaches. Physiol Rev
(2016) 96(4):1297–325. doi: 10.1152/physrev.00041.2015

9. Peng WX, Koirala P, Mo YY. LncRNA-Mediated Regulation of Cell
Signaling in Cancer. Oncogene (2017) 36(41):5661–7. doi: 10.1038/
onc.2017.184

10. Thomson DW, Dinger ME. Endogenous microRNA Sponges: Evidence and
Controversy. Nat Rev Genet (2016) 17(5):272–83. doi: 10.1038/nrg.2016.20

11. Chen J, Huang X, Wang W, Xie H, Li J, Hu Z, et al. LncRNA CDKN2BAS
Predicts Poor Prognosis in Patients With Hepatocellular Carcinoma and
Promotes Metastasis via the miR-153-5p/ARHGAP18 Signaling Axis. Aging
(Albany NY) (2018) 10(11):3371–81. doi: 10.18632/aging.101645

12. Wu J, Li R, Li L, Gu Y, Zhan H, Zhou C, et al. MYC-Activated lncRNA
HNF1A-AS1 Overexpression Facilitates Glioma Progression via Cooperating
With miR-32-5p/SOX4 Axis. Cancer Med (2020) 9(17):6387–98. doi: 10.1002/
cam4.3186

13. Shermane Lim Y, Xiang X, Garg M, Le MT, Li-Ann Wong A, Wang L, et al.
The Double-Edged Sword of H19 lncRNA: Insights Into Cancer Therapy.
Cancer Lett (2021) 500:253–62. doi: 10.1016/j.canlet.2020.11.006

14. Zhang H, Huang H, Xu X, Wang H, Wang J, Yao Z, et al. LncRNA HCG11
Promotes Proliferation and Migration in Gastric Cancer via Targeting miR-
1276/CTNNB1 and Activating Wnt Signaling Pathway. Cancer Cell Int (2019)
19:350. doi: 10.1186/s12935-019-1046-0

15. Wang G, Liu L, Zhang J, Huang C, Chen Y, Bai W, et al. LncRNA HCG11
Suppresses Cell Proliferation and Promotes Apoptosis via Sponging miR-224-
3p in Non-Small-Cell Lung Cancer Cells. Oncol Targets Ther (2020) 13:6553–
63. doi: 10.2147/OTT.S244181

16. Zhang L, Cao Y, Kou X, Che L, Zhou X, Chen G, et al. Long Non-Coding RNA
HCG11 Suppresses the Growth of Glioma by Cooperating With the miR-
4425/MTA3 Axis. J Gene Med (2019) 21(4):e3074. doi: 10.1002/jgm.3074

17. Zhang Y, Zhang J, Mao L, Li X. Long Noncoding RNA HCG11 Inhibited
Growth and Invasion in Cervical Cancer by Sponging miR-942-5p and
Targeting GFI1. Cancer Med (2020) 9(19):7062–71. doi: 10.1002/cam4.3203

18. Lu TX, Rothenberg ME. MicroRNA. J Allergy Clin Immunol (2018) 141
(4):1202–7. doi: 10.1016/j.jaci.2017.08.034

19. Saliminejad K, Khorram Khorshid HR, Soleymani Fard S, Ghaffari SH. An
Overview of microRNAs: Biology, Functions, Therapeutics, and Analysis
Methods. J Cell Physiol (2019) 234(5):5451–65. doi: 10.1002/jcp.27486

20. Zan Y, Wang B, Liang L, Deng Y, Tian T, Dai Z, et al. MicroRNA-139 Inhibits
Hepatocellular Carcinoma Cell Growth Through Down-Regulating
Karyopherin Alpha 2. J Exp Clin Cancer Res (2019) 38(1):182. doi: 10.1186/
s13046-019-1175-2

21. Teo A, Xiang X, Le M, Wong AL, Zeng Q, Wang L, et al. Tiny miRNAs Play a
Big Role in the Treatment of Breast Cancer Metastasis. Cancers (Basel) (2021)
12:337. doi: 10.3390/cancers13020337

22. Li Z, Jiang D, Yang S. MiR-490-3p Inhibits the Malignant Progression of Lung
Adenocarcinoma. Cancer Manag Res (2020) 12:10975–84. doi: 10.2147/
CMAR.S258182

23. Pan Z, Lin J, Wu D, He X, Wang W, Hu X, et al. Hsa_circ_0006948 Enhances
Cancer Progression and Epithelial-Mesenchymal Transition Through the
miR-490-3p/HMGA2 Axis in Esophageal Squamous Cell Carcinoma. Aging
(Albany NY) (2019) 11(24):11937–54. doi: 10.18632/aging.102519

24. Liu X, He B, Xu T, Pan Y, Hu X, Chen X, et al. MiR-490-3p Functions As a
Tumor Suppressor by Inhibiting Oncogene VDAC1 Expression in Colorectal
Cancer. J Cancer (2018) 9(7):1218–30. doi: 10.7150/jca.23662

25. Rupaimoole R, Slack FJ. MicroRNA Therapeutics: Towards a New Era for the
Management of Cancer and Other Diseases. Nat Rev Drug Discov (2017) 16
(3):203–22. doi: 10.1038/nrd.2016.246

26. Quan M, Chen J, Zhang D. Exploring the Secrets of Long Noncoding RNAs.
Int J Mol Sci (2015) 16(3):5467–96. doi: 10.3390/ijms16035467

27. Zhou M, Bian Z, Liu B, Zhang Y, Cao Y, Cui K, et al. Long Noncoding RNA
MCM3AP-AS1 Enhances Cell Proliferation and Metastasis in Colorectal
Cancer by Regulating miR-193a-5p/SENP1. Cancer Med (2021) 10(7):2470–
81. doi: 10.1002/cam4.3830

28. Chen W, Li K, Zhu K, Yan R, Cai QC, Li WH, et al. RP11-81h3.2 Acts as an
Oncogene via microRNA-490-3p Inhibition and Consequential Tankyrase 2
Up-Regulation in Hepatocellular Carcinoma. Dig Dis Sci (2020) 65(10):2949–
58. doi: 10.1007/s10620-019-06007-5

29. Xu X, Chen R, Li Z, Huang N, Wu X, Li S, et al. MicroRNA-490-3p Inhibits
Colorectal Cancer Metastasis by Targeting Tgfbetar1. BMC Cancer (2015)
15:1023. doi: 10.1186/s12885-015-2032-0
April 2022 | Volume 12 | Article 872033

https://www.frontiersin.org/articles/10.3389/fonc.2022.872033/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.872033/full#supplementary-material
https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.1016/j.ctrv.2019.101890
https://doi.org/10.1200/JOP.18.00219
https://doi.org/10.1007/978-3-030-22254-3_2
https://doi.org/10.1158/0008-5472.CAN-18-3962
https://doi.org/10.1158/0008-5472.CAN-18-3962
https://doi.org/10.1038/nature07943
https://doi.org/10.3390/ijms19051310
https://doi.org/10.1152/physrev.00041.2015
https://doi.org/10.1038/onc.2017.184
https://doi.org/10.1038/onc.2017.184
https://doi.org/10.1038/nrg.2016.20
https://doi.org/10.18632/aging.101645
https://doi.org/10.1002/cam4.3186
https://doi.org/10.1002/cam4.3186
https://doi.org/10.1016/j.canlet.2020.11.006
https://doi.org/10.1186/s12935-019-1046-0
https://doi.org/10.2147/OTT.S244181
https://doi.org/10.1002/jgm.3074
https://doi.org/10.1002/cam4.3203
https://doi.org/10.1016/j.jaci.2017.08.034
https://doi.org/10.1002/jcp.27486
https://doi.org/10.1186/s13046-019-1175-2
https://doi.org/10.1186/s13046-019-1175-2
https://doi.org/10.3390/cancers13020337
https://doi.org/10.2147/CMAR.S258182
https://doi.org/10.2147/CMAR.S258182
https://doi.org/10.18632/aging.102519
https://doi.org/10.7150/jca.23662
https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.3390/ijms16035467
https://doi.org/10.1002/cam4.3830
https://doi.org/10.1007/s10620-019-06007-5
https://doi.org/10.1186/s12885-015-2032-0
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zheng et al. Nasopharyngeal Carcinoma Progression
30. Boon RA, Jae N, Holdt L, Dimmeler S. Long Noncoding RNAs: From Clinical
Genetics to Therapeutic Targets? J Am Coll Cardiol (2016) 67(10):1214–26.
doi: 10.1016/j.jacc.2015.12.051

31. Xu HL, Tian FZ. Clinical Significance of lncRNA MIR31HG in Melanoma.
Eur Rev Med Pharmacol Sci (2020) 24(8):4389–95. doi: 10.26355/
eurrev_202004_21020

32. Yang Q, Wang J, Zhong P, Mou T, Hua H, Liu P, et al. The Clinical Prognostic
Value of lncRNA FAM83H-AS1 in Cancer Patients: A Meta-Analysis. Cancer
Cell Int (2020) 20:72. doi: 10.1186/s12935-020-1148-8

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Oncology | www.frontiersin.org 11
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zheng, Zhao, Ren, Wang, Meng, Zhang, Zhang, Ming and Lu. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2022 | Volume 12 | Article 872033

https://doi.org/10.1016/j.jacc.2015.12.051
https://doi.org/10.26355/eurrev_202004_21020
https://doi.org/10.26355/eurrev_202004_21020
https://doi.org/10.1186/s12935-020-1148-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	LncRNA HCG11 Facilitates Nasopharyngeal Carcinoma Progression Through Regulating miRNA-490-3p/MAP3K9 Axis
	Introduction
	Material and Methods
	Clinical Specimens
	Cell Culture
	Bioinformatics Analyses
	Q-PCR
	Cell Transfection
	Fluorescence In Situ Hybridization (FISH)
	Colony Formation Assay
	CCK8 Assay
	Cell Apoptosis Analysis
	Transwell Assay
	Tumor Xenograft Models
	H&amp;E and Immunohistochemistry
	Dual&dash;Luciferase Reporter Assay
	Western Blot
	Statistical Analyses

	Results
	HCG11 Is Highly Expressed in the NPC Tissues and NPC Cell Lines
	High-Expressed HCG11 Is Associated With Poor Prognosis in NPC
	HCG11 Silencing Suppresses Proliferation and Migration in NPC
	miR-490-3p Is a Downstream Target of HCG11
	Oncogenic Function of HCG11 Was Partially Reversed by miR-490-3p in NPC Cells
	HCG11 Regulates NPC Cells via miR-490-3p/MAP3K9 Signaling

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


