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Abstract. – OBJECTIVE: The purpose of this 
study was to uncover the regulatory effect of 
LINC00887 on the progression of nasopharyn-
geal carcinoma (NPC) and the underlying mech-
anism. 

PATIENTS AND METHODS: Relative level of 
LINC00887 in NPC tissues and cells was detect-
ed by quantitative real-time polymerase chain 
reaction (qRT-PCR). Thereafter, the regulato-
ry effect of LINC00887 on proliferative ability 
in SUNE-1 and HK-1 cells was examined by cell 
counting kit-8 (CCK-8) and 5-Ethynyl-2’-deoxyu-
ridine (EdU) assay. Through Dual-Luciferase re-
porter gene assay and RNA-Binding Protein Im-
munoprecipitation (RIP) assay, the interaction 
in the regulatory loop LINC00887/miRNA-203b-
3p/NUP205 was ascertained. At last, rescue ex-
periments were conducted to clarify the involve-
ment of the regulatory loop LINC00887/miRNA-
203b-3p/NUP205 in the progression of NPC. 

RESULTS: Results showed that LINC00887 
was upregulated in NPC tissues and cells, and 
its overexpression markedly stimulated the pro-
liferative ability in NPC cells. In addition, a poten-
tial interaction in the regulatory loop LINC00887/
miRNA-203b-3p/NUP205 was discovered, which 
was responsible for promoting the proliferative 
ability in NPC. 

CONCLUSIONS: LINC00887 promotes the 
proliferative ability in NPC via absorbing miR-
NA-203b-3p to upregulate NUP205.
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Introduction

Nasopharyngeal carcinoma (NPC) originates 
from the nasal and pharyngeal epithelial cells, 
and it is highly prevalent in Asian and North 

Africa1. Viruses, environmental and genetic fac-
tors are all potential pathogenic factors of NPC2. 
Tumor staging and location are two determinants 
for NPC treatment, and local NPC can be sur-
gically resected. However, under the most cir-
cumstances, chemotherapy and radiotherapy are 
preferred for NPC patients3,4. 

Long non-coding RNAs (lncRNAs) are 
non-coding RNAs with over 200 nucleotides long. 
Increasing evidence has demonstrated the critical 
significance of lncRNAs in the occurrence and 
progression of tumor diseases5,6. Dysfunctional 
lncRNAs have been identified in many types of 
tumor tissues7,8. Serum or plasma lncRNAs are 
highly stable, which are promising indicators and 
serve as novel tumor biomarkers9. Detection of 
lncRNA-LET, PVT1, PANDAR, PTENP1 and 
linc00963 could distinguish patients with clear 
cell renal cell carcinoma from healthy people. 
Serum level of lncRNA HULC contributes to 
diagnose and predict the prognosis of gastric 
cancer10,11.

As a tumor-related lncRNA, LINC00887 is 
able to block the invasion and metastasis of non-
small cell lung cancer by degrading correspond-
ing miRNAs12. In this paper, LINC00887 was 
considered to serve as a ceRNA, which promoted 
the progression of NPC by absorbing miRNA-
203b-3p to upregulate NUP205.

Patients and Methods

Sample Collection and Ethical Statement 
NPC tissues and adjacent normal ones were 

surgically resected from 36 NPC patients. Tis-
sues were frozen in liquid nitrogen and stored at 
-80°C. Patients and their families have been fully 
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informed. This investigation was approved by 
Ethics Committee of The Second Affiliated Hos-
pital, Mudanjiang College of Medicine.

Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR)

TRIzol (Invitrogen, Carlsbad, CA, USA) was 
applied for isolating cellular RNA, which was 
quantified using a spectrometer. Then, RNA was 
reversely transcribed into complementary deoxy-
ribose nucleic acid (cDNA) using the PrimeScript 
RT reagent Kit (TaKaRa, Otsu, Shiga, Japan). 
SYBR Premix Ex TaqTM (TaKaRa, Otsu, Shiga, 
Japan) was utilized for qRT-PCR. Finally, the 
relative level was calculated using 2-ΔΔCt method, 
with glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) and U6 as internal references. Primer 
sequences are listed as follows: LINC00887 (For-
ward): AGAGGGTAGGGGATGGAAGTGG, 
LINC00887 (Reverse): AGGGATAGCAAA-
CACCTAAAATGCA, U6 (Forward): GCTTC-
GGCAGCACATATACTAAAAT, U6 (Reverse): 
CGCTTCACGAATTTGCGTGTCAT, GAP-
DH (Forward): GAAGAGAGAGACCCTCAC-
GCTG, GAPDH (Reverse): ACTGTGAGGAG-
GGGAGATTCAGT, miRNA-203b-3p (Forward): 
CAGCGGGTGAAATGTTTAGGAC, miRNA-
203b-3p (Reverse): AGTGCAGGGTCCGAG-
GT, NUP205 (Forward): GGAAUUAAUC-
CCAGAACUAUU; NUP205 (Reverse): AGAUG-
GUGAAGGAGGAAUAUU. 

Cell Culture
NPC cells (HK-1, 5-8F and SUNE-1) and 

immortalized human nasopharyngeal epithelial 
cells (NP69) purchased from American Type 
Culture Collection (ATCC, Manassas, VA, 
USA) were cultured in Roswell Park Memorial 
Institute-1640 (RPMI-1640) medium (HyClone, 
South Logan, UT, USA) containing 10% fetal 
bovine serum (FBS, HyClone, South Logan, 
UT, USA), 100 μg/mL streptomycin and 100 IU/
mL penicillin (Invitrogen, Carlsbad, CA, USA). 
They were maintained in an incubator with 
37°C, 5% CO2, and the culture medium was 
regularly replaced. 

Cell Transfection
Cells were inoculated in 6-well plates. On the 

other day, cells were transfected with 100 nM 
siRNAs or overexpression vector using Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA). At 
48 h after transfection, the cells were collected 
for functional experiments. 

RIP (RNA-Binding Protein 
Immunoprecipitation) Assay 

RIP assay was performed following the pro-
cedures of Millipore Magna RIP Kit (Millipore, 
Billerica, MA, USA). Cells were incubated with 
anti-AGO2 or anti-IgG at 4°C overnight. Then, a 
protein-RNA complex was obtained after captur-
ing intracellular specific proteins by the antibody. 
Subsequently, proteins were digested by protein-
ase K and the RNAs were extracted. During the 
experiment, the magnetic beads were repeated-
ly washed with RIP washing buffer to remove 
non-specific adsorption as much as possible. The 
immunoprecipitant RNAs were finally quantified 
by qRT-PCR.

Cell Counting Kit-8 (CCK-8) Assay 
Cells were inoculated into 96-well plates with 

1.5×103 cells per well. At the appointed time 
points, 10 μL of CCK-8 solution (Dojindo Molec-
ular Technologies, Kumamoto, Japan) was added 
in each well. Finally, the absorbance at 450 nm 
of each sample was measured by a microplate 
reader.

5-Ethynyl-2’-Deoxyuridine (EdU) Assay
Cells were inoculated into a 24-well plate and 

labeled with 50 μM EdU reagent for 2 h. After 
washing with phosphate-buffered saline (PBS), 
cells were fixed in 50 μL of fixation buffer, de-
colored with 2 mg/mL glycine and permeated 
with 100 μL of penetrant. After washing with 
PBS once, cells were stained with 100 μL of 
4’,6-diamidino-2-phenylindole (DAPI) in dark for 
30 min. At last, merged images of EdU-positive 
(red) and DAPI-labeled cells (blue) were captured 
under a fluorescent microscope.

Dual-Luciferase Reporter Gene Assay 
LINC00887 sequences were amplified and 

cloned into pMIR-REPORT TM vector contain-
ing Luciferase vector sequences (5’-...CUCU-
CAUUCAUCACUUUUAUCUG...-3’). Mutant 
LINC00887 was constructed based on the wild-
type one using the Phusion Site-Directed Muta-
genesis Kit. Then, the cells were co-transfected 
with wild-type/mutant vector and NC/overex-
pression vector for 24 h. Subsequently, cells were 
lysed for measuring relative Luciferase activity 
(Promega, Madison, WI, USA). 

Statistical Analysis 
Statistical Product and Service Solutions 

(SPSS) 22.0 statistical software (IBM, Armonk, 
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NY, USA) was used for data analysis. All data 
were expressed as mean ± SD (standard devia-
tion). The paired two-tailed t-test or chi-square 
test was used for comparing differences between 
two groups. p<0.05 was considered as statistical-
ly significant.

Results 

LINC00887 Was Upregulated In NPC 
and Promoted Proliferative Ability 

Compared with that in adjacent normal tis-
sues, LINC00887 was markedly upregulated in 
36 NPC tissues (Figure 1A). Then, it was found 
that the expression of LINC00887 was not sig-
nificantly correlated with age, gender, relapse 
and poor survival, but was related to T stage (tu-

mor extent), N stage (lymph node involvement) 
and NPC clinical stage (Table I). Consistently, 
LINC00887 was highly expressed in NPC cells 
relative to immortalized human nasopharyn-
geal epithelial cells (Figure 1B). To clarify the 
biological function of LINC00887, LINC00887 
overexpression vector and siRNAs were con-
structed. Overexpression of LINC00887 vec-
tor markedly upregulated LINC00887 in HK-1 
cells (Figure 1C). Meanwhile, transfection of 
three LINC00887 siRNAs all effectively down-
regulated LINC00887 level in SUNE-1 cells, 
and si-LINC00887-3 presented the best efficacy 
(Figure 1D). It was shown that overexpression 
of LINC00887 in HK-1 cells increased viability 
and EdU-positive ratio, while knockdown of 
LINC00887 in SUNE-1 cells yielded the oppo-
site results (Figure 1E-1G). 

Figure 1. LINC00887 is upregulated in NPC and promotes proliferative ability. A, LINC00887 levels in NPC tissues 
and adjacent normal ones. B, LINC00887 level in NPC cells and immortalized human nasopharyngeal epithelial 
cells. C, Transfection efficacy of LINC00887 vector in HK-1 cells. D, Transfection efficacy of LINC00887 siRNAs in 
SUNE-1 cells. E, Viability in HK-1 cells transfected with empty vector or LINC00887 vector. F, Viability in SUNE-1 
cells transfected with si-NC or si-LINC00887-3. G, EdU-positive ratio in SUNE-1 cells transfected with si-NC or si-
LINC00887-3 (left) and HK-1 cells transfected with empty vector or LINC00887 vector (right; magnification: 200×) 
*p<0.05, **p<0.01, ***p<0.001. 
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LINC00887 Served As a MiRNA-203b-3p 
Sponge 

Through online prediction, miRNA-203b-3p 
was selected as the potential candidate binding 
LINC00887. Compared with that in adjacent 
normal tissues, miRNA-203b-3p was downreg-
ulated in NPC tissues (Figure 2A). MiRNA-
203b-3p was downregulated in HK-1 cells over-
expressing LINC00887 (Figure 2B). Conversely, 
miRNA-203b-3p was upregulated in SUNE-1 
cells with LINC00887 knockdown (Figure 2C). 
Based on the binding sites in the promoter 
regions of LINC00887 and miRNA-203b-3p 
(Figure 2D), LINC00887-WT and LINC00887-
MUT Luciferase vectors were constructed. De-
creased Luciferase activity after co-transfection 
of LINC00887-WT and miRNA-203b-3p mimics 
verified the binding between LINC00887 and 
miRNA-203b-3p (Figure 2E, 2F). RIP assay 
further revealed the interaction between them 
(Figure 2G, 2H). 

MiRNA-203b-3p Directly Degraded 
NUP205 

Through TargetScan prediction, NUP205 was 
selected as the potential downstream gene bind-
ing to miRNA-203b-3p. It was found that NUP205 

was upregulated in NPC tissues (Figure 3A), and 
overexpression of LINC00887 markedly upregu-
lated NUP205 level in NPC cells (Figure 3B-3D). 
Similarly, Dual-Luciferase reporter gene assay 
verified the binding between miRNA-203b-3p 
and NUP205 (Figure 3E, 3F). Thus, LINC00887/
miRNA-203b-3p/NUP205 regulatory loop was 
identified. 

LINC00887/MiRNA-203b-3p/NUP205 
Regulatory Loop in NPC 

Rescue experiments were conducted to clarify 
the biological function of LINC00887/miRNA-
203b-3p/NUP205 regulatory loop in the progres-
sion of NPC. Results revealed that transfection 
of si-LINC00887-3 markedly downregulated 
NUP205 level in NPC cells, which was reversed 
by co-transfection of NUP205 vector (Figure 
4A, 4B). Decreased viability in NPC cells with 
knockdown of LINC00887 was partially reversed 
by overexpression of NUP205 (Figure 4C, 4D). 
Similarly, knockdown of LINC00887 reduced 
EdU-positive ratio, which was further abolished 
by NUP205 overexpression (Figure 4E, 4F). 
Hence, it is demonstrated that LINC00887 pro-
motes proliferative ability in NPC by absorbing 
miRNA-203b-3p to upregulate NUP205. 

Table I. The correlation of LINC00887 expression and clinical characteristics in NPC.

                                 LINC00887 expression

 Cases (n = 36) Low (n = 16) High (n = 16) p-value

Age (years)    0.0951
  < 50 19 12  7 
  ≥ 50 17  6 11 
Sex    0.3166
  Women 19 11  8 
  Men 17  7 10 
T stage (tumor extent)    0.0180*
  T1+T2 15  4 11 
  T3+T4 21 14  7 
N stage (lymph node involvement)    0.0194*
  N0 17  5 12 
  N1+N2+N3 19 13  6 
NPC clinical stage    0.0194*
  I+II 17  5 12 
  III+IV 19 13  6 
Relapse    0.3166
  No 19 11  8 
  Yes 17  7 10 
Death    0.1715
  No 14  5  9 
  Yes 22 13  9 

*p <0.05.
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Discussion 

The latest evidence has demonstrated the in-
volvement of many lncRNAs in the tumorigenesis 
of NPC. Serving as oncogenes or tumor-suppres-
sor genes, these lncRNAs provide potential ther-
apeutic and prognostic values. Of note, lncRNA 
MALAT1 is upregulated in NPC, which affects 
stem cell phenotypes and radiotherapy resistance 
via targeting the miR-1/slug axis13. Knockdown of 
HOTAIR suppresses invasive ability in NPC by 
blocking the activation of fatty acid synthases14. 
Overexpression of LINC01420 is closely linked to 
poor prognosis of NPC15. It is reported that LET 
is downregulated in NPC tissues. Overexpression 
of LET inhibits proliferative ability and induces 
apoptosis in NPC cells16. As a tumor-suppressor 

gene, lncRNA MEG3 suppresses NPC cells to 
proliferate17. The findings of this study demon-
strated that LINC00887 was upregulated in NPC, 
which markedly promoted proliferative ability in 
NPC cells.  

Recently, the ceRNA hypothesis proposes 
that lncRNAs can regulate target gene expres-
sions by absorbing miRNAs, thus exerting crit-
ical functions during tumorigenesis18. Based on 
prediction in Lncbase v.2, potential miRNAs 
binding LINC00887 were searched and miRNA-
203b-3p was selected as a promising candidate. 
Functional experiments showed that LINC00887 
directly bound to miRNA-203b-3p and nega-
tively regulated its level. Notably, LINC00887 
promoted proliferative ability in NPC via ab-
sorbing miRNA-203b-3p as a ceRNA. Nups 

Figure 2. LINC00887 serves as a miRNA-203b-3p sponge. A, MiRNA-203b-3p levels in NPC tissues and adjacent normal 
ones. B, MiRNA-203b-3p level in HK-1 cells transfected with empty vector or LINC00887 vector. C, MiRNA-203b-3p level in 
SUNE-1 cells transfected with si-NC or si-LINC00887-3. D, Potential binding sequences in the promoter regions of miRNA-
203b-3p and LINC00887. E, F, Luciferase activity in HK-1 (E) and SUNE-1 cells (F) co-transfected with LINC00887-WT/
LINC00887-MUT and NC/miRNA-203b-3p mimics. G, H, Enrichment of LINC00887 and miRNA-203b-3p in anti-IgG and 
anti-AGO2 in HK-1 (G) and SUNE-1 cells (H). *p<0.05, **p<0.01, ***p<0.001.
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Figure 3. MiRNA-203b-3p directly degrades NUP205. A, NUP205 levels in NPC tissues and adjacent normal ones. B, 
C, NUP205 level in HK-1 (B) and SUNE-1 cells (C) transfected with empty vector or LINC00887 vector. D, Potential 
binding sequences in the promoter regions of miRNA-203b-3p and NUP205. E, F, Luciferase activity in HK-1 (E) 
and SUNE-1 cells (F) co-transfected with NUP205-WT/NUP205-MUT and NC/miRNA-203b-3p mimics. *p<0.05, 
**p<0.01, ***p<0.001.

Figure 4. LINC00887/miRNA-203b-3p/NUP205 regulatory loop in NPC. HK-1 and SUNE-1 cells were transfected with 
si-NC, si-LINC00887-3 or si-LINC00887-3 + NUP205 vector. A, B, Relative level of NUP205. C, D, Cell viability. E, F, EdU-
positive ratio (magnification: 200×) *p<0.05, **p<0.01, ***p<0.001.
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(nucleoporins) is defined as a component of the 
external structure skeleton of the nuclear pore 
complex or a central pore that mediates the inlet 
and outlet of the nuclear membrane. NUP205 is 
one of the components of the central pore that 
is responsible for the gating function of NPC. 
Notably, it is not required for the formation or 
integrity of the nuclear pore complex19. More-
over, knockout of NUP205 in Caenorhabditis 
elegans increases the size limit of non-nuclear 
macromolecules passively entering the nucleus, 
without influencing active transport of proteins 
into the nucleus20. Therefore, NUP205 alters the 
dynamics of host cell proteins across the nuclear 
membrane. In addition, NUP205 is considered 
as an oncogene to be upregulated in tumor cells. 
The analysis in this study verified the carcino-
genic role of NUP205 in NPC. As the target 
gene of miRNA-203b-3p, NUP205 was involved 
in LINC00887-regulated malignant progression 
of NPC. 

Conclusions 

Summarily, lINC00887 promotes the prolif-
erative ability in NPC via targeting miRNA-
203b-3p to upregulate NUP205. LINC00887 
may be utilized as a new hallmark for clinical 
treatment of NPC. 
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