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Purpose: The long noncoding RNA LINC00673 has emerged as an important regulator of

cancer development and progression. However, the clinical significance and biological roles

of LINC00673 in epithelial ovarian cancer (EOC) remain unclear. In this study, we aimed to

explore the oncogenic roles and underlying molecular mechanisms of LINC00673 in EOC.

Patients and methods: The expression levels of LINC00673 in EOC tissues and cell lines

were detected by quantitative reverse transcription polymerase chain reaction (qRT-PCR).

Real-time cellular analysis (RTCA), flow cytometry, and transwell assays were conducted to

investigate cell proliferation, apoptosis, migration and invasion in vitro. Subcutaneous

transplanted tumors were established to explore the oncogenic role of LINC00673 in vivo.

Differentially expressed genes were analyzed using transcriptome sequencing. Protein levels

were determined by Western blot assays.

Results: LINC00673 was upregulated in EOC tissues and cell lines compared to their

corresponding normal controls. High expression of LINC00673 was associated with advanced

International Federation of Gynecology and Obstetrics (FIGO) stage, serous histological

subtype, lymph node metastasis and poor prognosis in patients with EOC. LINC00673 was

also identified as an independent prognostic factor for EOC. In addition, LINC00673 promoted

cell migration, invasion and proliferation and inhibited cell apoptosis in vitro and induced

tumor growth in vivo. Mechanistically, opioid growth factor receptor (OGFR) was found to be

a potential downstream target gene that mediated the oncogenic effect of LINC00673 in EOC.

Conclusion: LINC00673 contributes to EOC proliferation and metastasis and may be a

promising prognostic biomarker for EOC patients.
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Introduction
Epithelial ovarian cancer (EOC) is the most lethal gynecological cancer and the

fifth most common cause of cancer-related death among women.1 Up to 70% of

EOC patients are diagnosed in advanced stages with abdominal metastasis. Despite

aggressive treatment, the prognosis of EOC patients still remains poor, with a

5-year survival rate of only 29%, which is mainly due to tumor recurrence or

metastasis.2 Thus, there is a strong need to reveal the molecular mechanisms

underlying EOC progression to identify reliable prognostic markers for EOC

patients.

Correspondence: Keqin Hua
Department of Gynecology, Obstetrics
and Gynecology Hospital, Fudan
University, 419 Fangxie Road, Shanghai
200011, People’s Republic of China
Tel +86 159 2151 5900
Fax +86 21 6345 5090
Email huakeqin@fudan.edu.cn

OncoTargets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2019:12 6145–6156 6145
DovePress © 2019 Zheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/OTT.S209784

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


As an increasing research focus, long noncoding RNAs

(lncRNAs, >200 nucleotides in length) open up new pos-

sibilities for the prognosis of cancer and provide deep

insights into the biological behaviors of malignancies.

For example, PCA3, HULC, and HOTAIR have been

respectively regarded as prognostic biomarkers for pros-

tate cancer, hepatocellular carcinoma and breast cancer.3–5

MEG3, LincRNA-p21, LINC00460 have also been found

to play important roles in the development of metastasis

and proliferation in malignancies.6–8 Together, these stu-

dies highlight the important roles of lncRNAs in cancer

progression and prognosis. Most recently, LINC00673, a

new lncRNA identified to be oncogenic in non-small cell

lung cancer (NSCLC), has become the focus of our atten-

tion. Thus far, no published studies have investigated the

clinical significance or biological roles of LINC00673

in EOC.

In this study, we aimed to explore the expression

pattern, prognostic value, biological roles and mechanisms

of LINC00673 in EOC. We found that LINC00673 was

significantly elevated in EOC tissues and that it might be a

potential predictor of poor prognosis for EOC patients.

Moreover, silencing of LINC00673 suppressed migration,

invasion and cell growth both in vivo and in vitro.

Additionally, OGFR could restore the LINC00673 silen-

cing-induced inhibition of malignancies. Taken together,

our study is the first to reveal that LINC00673 may serve

as a noncoding oncogene in EOC progression and that it

may represent a novel prognostic marker for EOC.

Materials and methods
Tissue samples
One hundred and thirty-one EOC specimens and twenty-

four normal ovarian tissues (NC) were obtained from the

Tissue Bank of the Obstetrics and Gynecology Hospital of

Shanghai Fudan University between 2010 and 2013 with

approval from the ethics committee. A diagnosis of EOC

was determined histologically by two experienced pathol-

ogists. One hundred and thirty-one patients with EOC

underwent standard therapeutic approaches, including sta-

ging surgery or cytoreductive surgery. Patients with EOC

complicated with other gynecological tumors and patients

with radiotherapy or chemotherapy before surgery were

excluded. Twenty-four normal ovarian samples were

obtained from hysteromyoma patients scheduled to

undergo hysterectomy and oophorectomy. The patients’

clinicopathological data were collected from the available

medical records. Follow-up data, including overall survi-

val (OS) and progression-free survival (PFS), were

obtained by reviewing outpatient charts or by telephone

interviews. Written Informed consent was obtained from

all of the patients, according to the principles of the

Declaration of Helsinki.

Cell culture and transfection
EOC cell lines (HO8910, OVCAR3, A2780, and ES2) and

a normal human ovarian epithelial cell line (HOSEpiC)

were purchased from the American Type Culture

Collection (ATCC, Manassas, VA, USA). All cell lines

were maintained in RPMI 1640 (Gibco, Thermo Fisher

Scientific, Carlsbad, CA, USA) with 10% fetal bovine

serum (Gibco, Thermo Fisher Scientific, Carlsbad, CA,

USA) and 100 units/ml penicillin-streptomycin (Gibco,

Thermo Fisher Scientific, Carlsbad, CA, USA) and were

cultured in a humidified 5% CO2 incubator at 37 °C. Cells

were transfected with LINC00673-siRNAs (GenePharma,

Shanghai, China) using Lipofectamine 3000 transfection

reagent (Invitrogen, Carlsbad, CA) for transwell assays.

The siRNAs sequences were 5′-GCCUUUGUACUCA

GCAAUUTT-3ʹ (LINC00673-siRNA1) and 5′-CCUU

GGAAUAGUAACUCUUTT-3′ (LINC00673-siRNA2).

Cells were transfected with a recombinant LINC00673-

shRNA lentivirus constructed by GenePharma (Shanghai,

China) for proliferation assays, flow cytometry and animal

experiments. The LINC00673-shRNA-lentivirus-clones

were designated as KD, and LINC00673-negative con-

trol-lentivirus-clones were named NC. The shRNA

sequence was CCGGGCCTTTGTACTCAGCAATTCTCG

AGAATTGCTGAGTACAAAGGCTTTTT. Additionally,

the lentivirus expressing the LINC00673 sequence

(LINC00673-overexpression, OE) and the negative control

lentivirus (Vector) were constructed by GenePharma

(Shanghai, China). For rescue assays, the siRNAs

sequences targeted at OGFR were 5′-CGCCAAACCUGA

GUUUCUATT-3ʹ (OGFR-siRNA1) and 5′-GCUGUUUCA

UUGAGGACAUTT-3ʹ (OGFR-siRNA2).

For lentiviral transduction, cells were seeded in six-

well plates at a density of 105 cells per well and cultured

overnight. The next day, the cells were incubated with

5 μg/mL polybrene (GenePharma, China) for 30 min

before being exposed to 1 mL of medium containing the

same number of units of lentiviral particles for 24 h. The

culture medium was replaced with selective medium con-

taining 1 μg/mL puromycin after 72 h of transfection, and

the cells were cultured for at least 14 days. The
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puromycin-resistant cell clones were isolated, amplified in

medium containing 0.5 μg/mL puromycin for seven days

and transferred to normal medium.

RNA isolation, reverse transcription, and

qRT-PCR
Total RNA was extracted using TRIzol reagent (Invitrogen,

Carlsbad, CA) and was reverse transcribed into cDNA

using a Prime-Script RT reagent kit (TAKARA, Dalian,

China). LINC00673 expression levels were measured with

qRT-PCR using the SYBR Green PCR Master Mix

(TAKARA, Dalian, China) on the Prism 7900 system

(Applied Biosystems, Foster City, CA, USA). GAPDH

was used as an endogenous standard. The sequences of

primers designed by Sangon Biotech (Shanghai, China)

were as follows: LINC00673 forward: 5ʹ-TACCACACCC

TTTCTTGCCC-3ʹ, LINC00673 reverse: 5ʹ-ACACTGGCC

TCTTTACACGG-3ʹ, GAPDH forward: 5ʹ-GGGAAGGTG

AAGGTCGGAGT-3ʹ, GAPDH reverse: 5ʹ-GGGGTCATTG

ATGGCAACA-3ʹ.

Cell migration and invasion assays
Cell migration was assayed by using a 24-well transwell

chamber (Corning, NY, USA) with polycarbonate filters

(8-μm pore size). Cell invasion was performed with a

Matrigel invasion chamber (Corning, NY, USA). A sus-

pension of transfected cells (1.2×105 cells for HO8910

and A2780, 8×104 cells for OVCAR3 in 200 μL of

serum-free RPMI 1640) was placed in the upper cham-

bers, and the lower chambers were filled with 500 μL of

RPMI 1640 containing 10% FBS. After 48 h, the cells

on the upper side of the filter were removed using

cotton swabs. The migrated cells that remained on the

bottom surface were fixed with paraformaldehyde (PFA,

3.5%, 30 min) and were then stained with 0.1% crystal

violet for 10 min. The number of cells in five random

fields of each chamber was imaged (magnification,

×200) and averaged. The assays were conducted in

triplicate.

Proliferation assay
The effect of LINC00673 on cell proliferation was

determined using real-time cellular analysis (RTCA).

Twenty-four hours after transfection, cells (5×103 cells/

well) were seeded in several E-Plate 16 dishes (ACEA

Biosciences Inc, CA, USA) for proliferation assays. The

plates were kept in the cell incubator at 37 °C with 5%

CO2 for 4–6 days. The cell index and growth curves

were automatically recorded on the xCELLigence RTCA

System (ACEA Biosciences Inc, CA, USA).

Flow cytometry (FCM)
Cells were harvested by 0.25% trypsin without EDTA

(Gibco, Thermo Fisher Scientific, Carlsbad, CA, USA)

48 h after transfection. For the apoptosis assay, 1×106

transfected cells were resuspended in 100 μL of binding

buffer and labeled with 5 μL of Annexin V and 5 μL of

7-AAD according to the protocol using the PE Annexin V

Apoptosis Detection Kit I (BD biosciences, CA, USA).

Flow cytometry assays were performed to detect the cell

apoptosis ratio by FACStation (FV500, Beckman Coulter,

Brea, CA, USA).

In vivo experiment
Fourteen female athymic BALB/c nude mice (aged 4–

5 weeks, weighing 14–16 g) were purchased from the

Department of Laboratory Animals, Fudan University.

They were housed in a pathogen-free animal facility and

were randomly assigned to the NC or KD group. Both

groups were inoculated subcutaneously under the right

axilla on day 0 with 107 HO8910 cells (KD or NC). The

size (length and width) of the resultant xenograft tumors

was measured every three days, and tumor volume was

determined using the following formula: volume (mm3)

=1/2 (L×W×W). The tumor-bearing mice were euthanized

four weeks after the first injection of tumor cells, and the

tumor weight was subsequently recorded. All animal stu-

dies were approved by the Institutional Animal Care and

Use Committee of Fudan University and were performed

in accordance with the experimental protocols of the insti-

tutional Animal Care and Use Committee of Fudan

University (Shanghai, China).

Transcriptome sequencing
Twenty-four hours after transfection with LINC00673-

siRNA or NC-scramble, total RNA was extracted from

HO8910 cells using TRIzol reagent (Invitrogen, CA,

USA). Next, we conducted RNA-sequencing analysis

using an Illumina HiSeq 4000 to compare the transcrip-

tome profiles of LINC00673 knockdown and negative

controls. Differentially regulated genes were determined,

and Gene Ontology (GO) and KEGG pathway enrichment

analyses were performed to unveil the biological functions

of the molecular changes.
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Western blot assays
Cells were rinsed twice with ice-cold PBS and lysed with

RIPA buffer (0.2 mL/6-cm plate) containing protease inhi-

bitors (Roche, CA, USA). Extracts were obtained by cen-

trifugation at 12,000 g for 30 min at 4 °C. Samples (30 µg)

of the extracts were subjected to SDS-PAGE and trans-

ferred onto PVDF membranes (Millipore, NY, USA).

Membranes were incubated with the corresponding pri-

mary antibodies overnight at 4 °C, followed by incubation

with an HRP-conjugated secondary antibody (Bioworld

Technology, CA, USA). Then, the bound antibodies were

detected using an ECL kit (Millipore, NY, USA).

Quantification was performed using QuantityOne software

(Bio-Rad, CA, USA). The antibodies were as follows:

rabbit anti-human OGFR (Abcam, Cambridge, MA,

USA; 1:1000); rabbit anti-human GAPDH (Millipore,

NY, USA; 1:10000); and HRP-conjugated mouse anti-rab-

bit IgG (Bioworld Technology, CA, USA; 1:5000).

Statistical analysis
All data were analyzed by using SPSS 21.0. The Kaplan–

Meier method was used to calculate survival, and the log-

rank test was used to compare the differences between

the two groups. Multivariate and univariate Cox regres-

sion analyses were performed to identify the independent

factors related to EOC prognosis. The relationship

between LINC00673 expression levels and clinical para-

meters was assessed by the Pearson chi-square test (n>5

in subgroups) or Fisher’s exact test (n<5 in subgroups).

Quantitative data was presented as the means ± SD.

Continuous data were analyzed by Student’s t-test

(two-tailed). P-values less than 0.05 were considered

statistically significant.

Results
LINC00673 expression is upregulated in

EOC tissues and predicts poor prognosis

in EOC patients
LINC00673 expression in EOC tissues was measured by

qRT-PCR. The results showed that LINC00673 levels

were significantly higher in EOC tissues compared with

NC tissues (Figure 1A), suggesting that LINC00673 may

be an oncogenic lncRNA involved in EOC development.

The 131 EOC patients were divided into a high-

LINC00673 group (n=66) and a low-LINC00673-group

(n=65), using the median value of LINC00673 expression

as the cut-off. High LINC00673 levels were found to be

associated with advanced FIGO stage, lymph node metas-

tasis and serous histological subtype (Table 1), indicating

that LINC00673 positively correlates with a high degree of

malignancy of EOC. Based on the available follow-up

data, 110 patients were further studied for EOC prognosis

(follow-up rate, 84.0%). Shorter PFS (P<0.05) and OS

(P<0.01) were observed in EOC patients with higher

LINC00673 expression than in those with lower

LINC00673 expression by Kaplan–Meier survival analysis

(Figure 1B and C). Moreover, univariate and multivariate

Cox regression analyses indicated that FIGO stage

(P=0.027) and LINC0067 expression (P=0.015) were

independent prognostic factors for patients with EOC

(Table 2). These findings collectively demonstrated that
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Figure 1 Highly expressed LINC00673 correlated with a poor prognosis in EOC.

Notes: (A) LINC00673 expression in EOC (n=131) and NC (n=24) (P<0.0001, Student’s t-test). (B) Kaplan–Meier analysis of PFS based on LINC00673 expression (P<0.05,
log-rank test). (C) Kaplan–Meier analysis of OS based on LINC00673 expression (P<0.01, log-rank test).

Abbreviations: EOC, epithelial ovarian cancer; OS, overall survival; NC, LINC00673-negative control lentivirus cells.
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LINC00673 was significantly correlated with aggressive

behaviors of EOC and might represent an independent

prognostic marker.

LINC00673 induces EOC cell migration

and invasion in vitro
To explore the biological roles of LINC00673 in vitro,

we detected the LINC00673 levels in EOC cell lines

and found that LINC00673 was significantly upregu-

lated in OVCAR3, HO8910, ES2 cells and downregu-

lated in A2780 cells compared with HOSEpiC cells

(Figure 2A).

Based on the clinical observations, we hypothesized that

LINC00673 might contribute to EOC metastasis. To test our

prediction, siRNAs were transfected to OVCAR3, HO8910

cells while LINC00673-overexpression lentivirus was trans-

fected to A2780 cells to explore the function of LINC00673 in

migration and invasion (Figure 2B andE). Themigration assay

results showed that the migratory potential of cells was sig-

nificantly suppressed after LINC00673 silencing (Figure 2C).

The Matrigel invasion assay results indicated that the knock-

down of LINC00673 dramatically inhibited the invasive capa-

cities of HO8910 and OVCAR3 cells (Figure 2D). In contrast,

overexpression of LINC00673 inA2780 contributed to the cell

migration and invasion (Figure 2E). Therefore, we concluded

that elevated expression of LINC00673 promoted cell migra-

tion and invasion in EOC in vitro.

LINC00673 promotes EOC cell

proliferation and inhibits cell apoptosis
To further determine whether LINC00673 is involved in

cell proliferation and apoptosis, LINC00673-knockdown

lentivirus cells (KD) or LINC00673-negative control len-

tivirus cells (NC) were developed in OVCAR3 and

HO8910, and their silencing efficiencies were quantified

by qRT-PCR. (Figure 3A). We performed RTCA and FCM

tests to determine whether LINC00673 is involved in cell

proliferation and apoptosis. Cell proliferation assays

showed that LINC00673 silencing significantly inhibited

the proliferation of HO8910 and OVCAR3 cells, while

LINC00673 overexpression in A2780 cells contributed to

cell growth (Figure 3B). In addition, we found that inhibi-

tion of LINC00673 caused marked increases in the per-

centages of apoptotic cells in the HO8910 and OVCAR3

cell lines, while upregulation of LINC00673 suppressed

cell apoptosis in A2780 cells (Figure 3C). In summary,

these results suggest that LINC00673 promotes prolifera-

tion and inhibits cell apoptosis in vitro.

LINC00673 knockdown inhibits tumor

growth in vivo
To elucidate the effect of LINC00673 in vivo, xenograft

tumors were established in nude mice by subcutaneous

inoculation with KD-HO8910 or NC-HO8910 cells. As

shown in Figure 3A, LINC00673 was effectively downregu-

lated in the KD-HO8910 compared with the NC-HO8910.

Tumor growth in the KD group was significantly slower than

that in the NC group, and the growth curves of the two groups

showed a widening gap over time (Figure 3D). After four

Table 1 Association of LINC00673 expression with clinico-

pathological variables in EOC patients

Variable Low

Linc00673

High

Linc00673

P

Expression Expression
n=65 n=66

n(%) n(%)

Age (years)

<50 18(27.7) 23(34.80) 0.377

≥50 47(72.3) 43(65.20)

Histological subtype

Serous 53(81.5 62(93.9) 0.03

Other 12(18.5) 4(6.1)

FIGO stage

I-II 27(41.5) 15(22.7) 0.021

III-IV 38(58.5) 51(77.3)

Histological grade

High 57(87.7) 63(95.5) 0.109

Low 8(12.3) 3(4.5)

Residual tumor diameter (cm)

<1 57(87.7) 64(97.0) 0.095

≥1 8(12.3) 2(3.0)

Lymph node metastasis

Absent 42(64.6) 22(33.3) 0.000

Present 23(35.4) 44(66.7)

CA125 level (U/ml)

<600 16(24.6) 20(30.3) 0.466

≥600 49(75.4) 46(69.7)

Ascites

<100 37(56.9) 35(53.0) 0.654

≥100 28(43.1) 31(47.0)

Note: Bold indicates statistical significance at P<0.05.
Abbreviations: EOC, epithelial ovarian cancer; FIGO, International Federation of

Gynecology and Obstetrics.
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weeks, the mice were sacrificed, and the tumors were

removed. The knockdown efficiency of LINC00673 in vivo

was verified by qRT-PCR (Figure 3G). We found that tumors

in the KD group were substantially smaller than those in the

NC group (Figure 3E and F). The tumor weight in the KD

group was almost 65% less than that in the NC group (Figure

3H). To summarize, these results indicate that silencing of

LINC00673 impairs tumor growth in vivo.

LINC00673 suppresses the transcription

of OGFR in EOC
To further explore the molecular mechanism by which

LINC00673 affects tumor proliferation and metastasis,

we performed transcriptome sequencing analysis

to compare the transcriptome profiles between

LINC00673-KD and LINC00673-NC samples in

HO8910 cells. The silencing efficiency was verified by

qRT-PCR (Figure 4D). The results showed that 78 genes

were markedly dysregulated (>1.5-fold change, 53

downregulated and 25 upregulated) after LINC00673

silencing, as shown in the heat map (Figure 4A).

Based on KEGG database, the differentially expressed

genes were found to enrich in MAPK signaling pathway,

Ras signaling pathway and focal adhesion (Figure 4B),

which were usually involved in cell proliferation and

Table 2 Univariate and multivariate analyses of OS in 110 EOC patients

Variables Univariate analysis P Multivariate analysis P Exp (β) 95%CI for Exp (β)

Overall survival Overall survival

Month (mean±SE) β SE Wald

LINC00673 expression

Low 52.17±1.00 0.002

High 41.26±1.83 1.842 0.758 5.901 0.015 6.309 1.427–27.888

Age (years)

<50 40.96±1.70 0.141

≥50 49.64±1.36 – – – – – –

Histological subtype

Serous 47.94±1.38 0.428

Others 51.38±1.35 – – – – – –

FIGO stage

I-II 53.18±0.80 0.004

III-IV 45.33±1.60 2.325 1.051 4.894 0.027 10.23 1.304–80.278

Histological grade

High 47.89±1.35 0.404

Low 52.67±0.27 – – – – – –

Residual tumor diameter (cm)

<1 49.07±1.25 0.039

≥1 39.85±3.92 1.047 0.577 3.29 0.07 2.85 0.919–8.839

Lymph node metastasis

Absent 50.32±1.23 0.039*

Present 45.27±1.94 2.41 0.49 0.241 0.623 0.786 0.301–2.054

CA125 level (U/ml)

<600 51.92±1.04 0.027

≥600 46.71±1.59 0.339 0.545 0.387 0.534 1.404 0.482–4.085

Ascites

<100 50.63±1.31 0.023

≥100 45.03±2.09ci 1.499 1.051 2.035 0.154 4.478 0.571–35.132

Notes: P: Log-rank test; P*: Wilcoxon test. Bold indicates statistical significance at P<0.05.
Abbreviations: SE, standard error; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; OS, overall survival; EOC, epithelial ovarian cancer.
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metastasis. The GO analysis showed that wound healing

and epithelial cell proliferation changed significantly

after LINC00673 knockdown (Figure 4C). These results

collectively suggested that the dysregulated genes after

LINC00673 silencing were associated with tumor

growth and metastasis. Fourteen differential genes were

further validated by qRT-PCR and Western blotting

assays in both HO8910 and OVCAR3 cells and the

results were consistent with transcriptome sequencing

data. As shown in Figure 4E, knockdown of

LINC00673 increased the expression of OGFR,

RGS19, FICD and decreased the expression of CDC42,

DCP1A, TAF12, GPAT3, PALM2, STX12, LMNBI,

PPP1R14B, COL4A1, ELOVL1 and MTHFD2. Among

those genes, OGFR was significantly upregulated both

in LINC00673-KD cell lines and LINC00673-KD xeno-

graft tumors (Figure 4E and F). Besides, the Western

blotting assays revealed that OGFR was significantly

upregulated in LINC00673-KD cells while was down-

regulated in LINC00673-OE cells compared to their

corresponding controls (Figure 4G), which indicated

that OGFR might be the key downstream mediator of

LINC00673.

Knockdown of OGFR ablated the

promotion effect of LINC00673 in cell

proliferation, migration and invasion
To investigate whether OGFR mediated the role of

LINC00673 in cell proliferation and metastasis, we used

siRNAs to knockdown OGFR expression for further rescue

experiments (Figure 5A). The results showed that OGFR

was significantly decreased after co-transfection of si-

OGFR and si-LINC00673 compared with that observed in

cells treated with si-LINC00673 (Figure 5B). The RTCA

and transwell assays demonstrated that downregulation of

OGFR could restore the cell proliferation, migration and

invasion that were inhibited by si-LINC00673 in the

HO8910 cells (Figure 5C and D). Taken together, these

data indicate that upregulation of LINC00673 promotes

EOC proliferation and metastasis, at least in part by dysre-

gulating OGFR as a downstream targeted gene.

Discussion
As a major component of noncoding RNAs, LncRNAs

have emerged as critical players in tumorigenesis and

cancer progression in recent years. Increasing evidence

OVCAR3
A C D

F

G H

E

B

HO8910 7-AAD

KD NC

****

**

****

NC
KD

Days

Annexin V

Tu
m

or
 w

ei
gh

t (
g)

R
el

at
iv

e 
LI

N
C

00
67

3 
le

ve
l

****

****

0.00

0.05

0.10

0.15

0.20

0.25

0.0

0.5

1.0

1.5

NC

KD

NCKDNCKD

NCKD

* *
*

*

*

Tu
m

or
vo

lu
m

e 
(m

m
3 )

KD

OE Vector

Q
2+

Q
3%

OE
Vec

tor

NC

KD NC

KD NC

O
V

C
A

R
3

Q
2+

Q
3%

Q
2+

Q
3%

*** *

R
el

at
iv

e 
ex

pr
es

si
on

 o
fL

IN
C

00
67

3

KD NC
KD NC

8.0

6.0

4.0

2.0

0.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

10.0

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0

**

**

**

Vector

KD
NC

KD
NC

OE

20.0 30.0 40.0

Time (hour)

50.0 60.0 70.0

10.0 20.0 30.0 40.0 50.0 60.0 70.0

10.0

Cell index

O
V

C
A

R
3

H
O

89
10

H
O

89
10

A
27

80

A
27

80

Figure 3 LINC00673 induced proliferation and tumor growth in vitro and in vivo.

Notes: (A) Knockdown of LINC0063 in OVCAR3 and HO8910 cells transfected with lentivirus. (B and C) Silencing of LINC00673 suppressed proliferation and increased cell

apoptosis in OVCAR3 and HO8910 cells, while overexpression of LINC00673 promoted cell growth and reduced the percentage of apoptotic A2780 cells. Each experiment

was repeated in triplicate. (D) Tumor growth in the KD group was significantly slower than that in the NC group, and the growth curves showed a widening gap between the

two groups. (E and F) Tumor volumes in the KD and NC groups. (G) The knockdown efficiency of LINC00673 in vivo was verified by qRT-PCR. (H) Tumor weight in the KD

group was significantly decreased compared with the NC group. The results are shown as the means ± SD; *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001; Student’s t-test.
Abbreviations: KD, LINC00673-knockdown lentivirus cells; NC, LINC00673-negative control lentivirus cells; OE, LINC00673-overexpression lentivirus cells; Vector,

LINC00673-vector lentivirus cells.

Zheng et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2019:126152

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


has indicated that LINC00673 might play important roles

in a variety of malignancies.9–18 However, the potential

functions and mechanistic details of LINC00673 in EOC

remain unclear.

In this study, we found that LINC00673 was signifi-

cantly upregulated in EOC tissues and cells. High expres-

sion of LINC00673 was associated with advanced FIGO

stage, lymph node metastasis, serous histological subtype

and poor prognosis. Univariate and multivariate Cox

regression analyses showed that LINC00673 was an inde-

pendent predictive marker for OS. These findings indicate

that LINC00673 is closely associated with malignant

features of EOC and could serve as a prognostic factor

for EOC patients.

Previously, researchers found that upregulation of

LINC00673 in many epithelial tumors induced cell prolif-

eration, migration and invasion and contributed to epithe-

lial-to-mesenchymal transition (EMT). In the present study,

we conducted a series of experiments in EOC both in vitro

and in vivo. The results showed that LINC00673 silencing

significantly inhibited cell proliferation, induced apoptosis

and decreased cell migration and invasion, while overex-

pression of LINC00673 showed the opposite results. In

vivo, we found that LINC00673 knockdown led to dramatic
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decreases in the tumor growth rate and tumor volume.

These results collectively suggest that LINC00673 is an

important oncogenic factor in EOC and that its overexpres-

sion contributes to EOC proliferation and metastasis.

To date, our understanding of the molecular mechan-

isms by which lncRNAs act in tumor development and

metastasis is far from adequate. It is clear that lncRNAs

regulate tumor biological behaviors through various

mechanisms, including regulating certain protein-coding

genes. For instance, lncRNA THOR upregulates the

expression of c-myc to promote tumor growth.19

HOTAIR regulates the expression of a series of epithe-

lial-to-mesenchymal transition (EMT)-related genes to

promote tumor metastasis.20 Inspired by these findings,

we hypothesized that LINC00673 might dysregulate

downstream coding genes to promote tumor progression.

To this end, we conducted transcriptome sequencing

tests to identify potential downstream target genes.

Among the differential expressed genes, OGFR caught

our attention. OGFR is known to be involved in cell

proliferation in various cancers and the p21WAF1/CIP1

pathway.21–25 Zagon et al26 also found that the OGFR

antagonist NTX could promote cell proliferation in 31

human cancer cell lines. These studies collectively

demonstrated that the expression level of OGFR is an

important regulator of cell proliferation. Our study

showed that OGFR was significantly upregulated after

LINC00673 knockdown. To further clarify the correla-

tion between OGFR and LINC00673, we performed

OGFR rescue experiment and found that knockdown of

OGFR restored cell proliferation and metastasis that

were inhibited by si-LINC00673 in HO8910 cells.

Taken together, these data implied that LINC00673

regulated EOC proliferation and metastasis at least in

part by dysregulating OGFR.

However, further investigations are needed to elucidate

the regulatory mechanisms underlying the relationship

between LINC00673 and OGFR. In addition, studies

with larger samples are required to enhance the feasibility

and reliability of LINC00673 as a prognostic biomarker

for EOC.

Conclusion
We provided the first evidence for the oncogenic effect of

LINC00673 in EOC, which is partly by dysregulating

OGFR as a downstream targeted gene, and demonstrated

that LINC00673 may be a promising prognostic biomarker

for EOC patients.

Abbreviation list
EOC, epithelial ovarian cancer; OGFR, opioid growth

factor receptor; RTCA, real-time cellular analysis; FCM,

flow cytometry; FIGO, International Federation of

Gynecology and Obstetrics; lncRNA, long noncoding

RNA; NSCLC, non-small cell lung cancer; OS, overall

survival; PFS, progression-free survival; EMT, epithelial-

to-mesenchymal transition.
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