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Linc00883 affects colorectal cancer through miR-577/FKBP14 axis: a novel 
mechanism for regulating colorectal cancer cell proliferation, invasion, and 
migration
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ABSTRACT
Long non-coding RNAs (lncRNAs) are relevant to the development of human cancers. Here, we 
aimed to investigate the role and mechanism of Linc00883 in the proliferation, invasion, and 
migration of colorectal cancer (CRC) cells. CRC cell lines SW480 and LoVo were applied as in vitro 
models in this study. Quantitative real-time PCR was applied to measure Linc00883, miR-577, and 
FKBP14 expressions. Cell Counting Kit-8, transwell, and wound-healing assays were carried out to 
confirm the function of Linc00883. Western blot was applied to detect the protein levels of the 
epithelial–mesenchymal transition-related proteins E-cadherin, vimentin, fibronectin, and α-SMA. 
RNA immunoprecipitation (RIP) and RNA pull-down experiments were performed to confirm the 
relationship between Linc00883 and miR-577. Linc00883 expression was elevated in CRC tissues 
and cells, and the patients with high expression of Linc00883 were related to a low survival rate 
and prone to distant metastasis. Moreover, we corroborated that Linc00883 and miR-577, miR-577 
and FKBP14 are bound to each other. Linc00883 was negatively correlated with miR-577, and miR- 
577 was also negatively correlated with FKBP14. Furthermore, interference with Linc00883 
restrained the proliferation, invasion, and migration of CRC cells through the miR-577/FKBP14 
axis. In vivo studies also clarified that Linc00883 facilitated the growth of CRC tumors and the 
epithelial–mesenchymal transition (EMT) of CRC. Our results demonstrated that Linc00883 facili-
tated the proliferation, invasion, and migration of CRC cells by regulating the miR-577/FKBP14 
axis.

ARTICLE HISTORY
Received 11 March 2021 
Revised 23 April 2022 
Accepted 16 May 2022 

KEYWORDS
Linc00883; miR-577; FKBP14; 
proliferation; migration; 
invasion; colorectal cancer

Introduction

Colorectal cancer (CRC) has high mortality world-
wide [1,2]. Although some progress has been made 
in CRC treatment, the prognosis of patients with 
CRC is still poor [3]. Increasing evidence indicates 
that the proliferation, invasion, and migration of 
CRC are the main factors causing its high mortal-
ity rate [4,5]. Thus, an in-depth exploration of the 
underlying mechanisms of CRC cell proliferation, 
invasion, and migration is needed.

Long non-coding RNAs (lncRNAs) are a class 
of transcripts that are longer than 200 nucleotides 
and do not encode proteins [6]. Various lncRNAs 
have momentous regulatory functions in the pro-
cess of cell proliferation, metastasis, and oxidative 
stress response [7–9]. As reported, the abnormally 
expressed lncRNAs are relevant to the occurrence 
and development of human cancers including 

CRC [10,11]. Recently, the competitive endogen-
ous RNA (ceRNA) hypothesis has attracted wide-
spread attention and lncRNAs interact with 
miRNAs, thereby restraining their expressions 
and functions [12,13]. For instance, Linc00707 
facilitates CRC cell proliferation and metastasis 
by competitively binding miR-206, prompting 
that Linc00707 is a potential marker for CRC 
[14]. Zhang et al. reported that SNHG14 expres-
sion is decreased in CRC tissues, and SNHG14 is 
related to the progression and transfer of CRC by 
competing with miR-92b-3p [15]. Linc00883 
(Ensemble gene ID: ENST00000495228), also 
known as DUBR, is abnormally expressed in 
human airway-related diseases [16] and is elevated 
in neuroblastoma [17]. Through the TCGA Colon 
Adenocarcinoma Datasets (COAD) database ana-
lysis (Table 1), we confirmed that Linc00883 was 
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related to tumor typing and metastasis. However, 
whether Linc00883 functioned in the occurrence 
and development of CRC remained unclear.

MicroRNAs (miRNAs) are a class of short and 
conserved non-coding RNAs that regulate the 
expression and function of target mRNAs by bind-
ing to the 3’-untranslated region (3’-UTR) of their 
target mRNAs [18,19]. Previous studies confirmed 
that miR-144-3p decreases the BCL6 expression by 
targeting BCL6 3’-UTR, which in turn restrains 
CRC cell proliferation [20]. Furthermore, Jiang 
et al. corroborated that miR-577 acts as a tumor 
suppressor in CRC by regulating HSP27 expres-
sion [21]. FKBP14 is from the FKBP family, and 
the abnormal expression of FKBP14 participates in 
the progress of several malignant tumors [22,23]. 
That the bioinformatics online prediction software 
(starBase) predicted that there were several bind-
ing sites between miR-577 and FKBP14 attracted 
our attention, and Yang et al. indicated that the 
FKBP14 overexpression facilitates CRC cell prolif-
eration and migration [24]. However, whether 
miR-577 negatively regulates the FKBP14 expres-
sion and thus functions in CRC cell proliferation, 
invasion, and migration had not yet been fully 
clarified.

In the present study, we quantified the 
Linc00883 expression in CRC tissues and cells 
and assessed the correlation between Linc00883 
and the survival rate of CRC patients. Moreover, 
we sought to investigate the potential mechanism 
of Linc00883 in CRC toward providing novel 
potential biomarkers and targets for the preven-
tion and treatment of CRC.

Materials and methods

Clinical specimens

The study was approved by the ethics committee 
of the First Affiliated Hospital of Zhengzhou 
University. Written informed consent was 
obtained from all of the patients involved. Sixty- 
four CRC patients were included in this study, and 
64 pairs of CRC tissues and the matched adjacent 
normal tissues were collected from the First 
Affiliated Hospital of Zhengzhou University. All 
tissues were promptly frozen with liquid nitrogen 
and then stored in a low-temperature environment 
at −80°C.

Cell culture

Normal human colon epithelial cell lines NCM460 
and CRC cell lines HCT-116, SW620, Caco2, 
HT29, SW480, and LoVo were taken from the 
Shanghai Institute of Biological Sciences 
(Shanghai, China). The above cells were grown in 
a modified Eagle medium with the addition of 10% 
fetal bovine serum (FBS, Hyclone, Logan, Utah, 
USA) and penicillin (100 U/ml, Thermo Fisher 
Scientific, Waltham, MA, USA), and streptomycin 
(100 μg/ml, Thermo Fisher Scientific). All cells 
were cultured in a damp environment at 37°C in 
5% CO2.

Quantitative real-time PCR (qRT-PCR)

Total RNAs were isolated using TRIzol Regent 
(Invitrogen, Carlsbad, CA, USA) and 
a mirVanaTM PARISTM Kit (Life Technologies, 
Carlsbad, CA, USA) referring to the manufac-
turer’s instruction. Then, a PrimeScript™ RT-PCR 
kit (Takara, Dalian, China) or a TaqMan® 
MicroRNA Reverse Transcription Kit (Thermo 
Fisher Scientific, USA) was applied to reverse tran-
scribe RNA into cDNA using the manufacturer’s 
standard procedures. Subsequently, a real-time 
PCR assay was conducted on the 7,500 fluorescent 
quantitative PCR system using IQ SYBR Green 
SuperMix (Bio-Rad Foster, CA, USA). 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was applied for internal reference of 
Linc00883 and FKBP14; U6 was applied for inter-
nal reference of miR-577. The relative expressions 

Table 1. Linc00883 is related to tumor typing and metastasis.
High Low P

Age(years) 64 65 0.46
Sex male 105 102 0.68

female 82 87
BMI(kg/m2) 30 27 0.08
Primary tumor status T1 3 7 0.03

T2 21 36
T3 131 127
T4 31 18

Primary lymph node status N0 91 115 0.02
N1/N2 94 73

metastasis M0 124 131 0.13
M1 31 20

Histological grade I 21 36 0.07
II 66 69
III 59 54
IV 32 20
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of Linc00883, miR-577, and FKBP14 were mea-
sured using the 2−ΔΔCT method. All the primer 
sequences are presented in Table 2.

Cell transfection

Si-Linc00883 (si-DUBR, RiboBio, Guangdong, 
China, siB160509112439-1-5), si-FKBP14 
(RiboBio, SIGS0011831-1), miR-577 inhibitor 
(RiboBio, #miR20003242-1-5), and miR-577 
mimics (RiboBio, #miR10003242-1-5) were pur-
chased from biological companies.

SW480 and LoVo CRC cells (1 × 105) were inocu-
lated into six well-plates and cultivated for 24 h. 
Subsequently, the synthesized si-Linc00883 or/and 
miR-577 inhibitor, pcDNA-Linc00883 or/and miR- 
577 mimics, and si-FKBP14 were transfected into 
SW480 or LoVo cells using Lipofectamine 2000 
Transfection Reagent (Invitrogen).

Cell counting kit-8 (CCK-8)

A CCK-8 assay was conducted to assess the pro-
liferation of CRC cells as per the previously 
described methods [25] with minor changes. 
CRC cells SW480 and LoVo (1 × 104 cells) were 
seeded into 96 well-plates and then incubated at 
37°C in 5% CO2 for 24 h. To monitor the prolif-
eration of CRC cells, the 10 μl CCK-8 reagent was 
added to each well at 1, 2, and 3 d, and the 
incubation continued for 4 h. A microplate reader 
(Bio-TEK, VT, USA) was applied to detect the 
optical density (OD) at 450 nm.

Transwell measurement

The invasion ability of CRC cells was analyzed by 
a transwell assay. SW480 and LoVo CRC cells 

(1 × 105/ml) were suspended in a 100 μl serum-free 
medium and plated in the upper chambers. Then, 
a 500 μl modified Eagle medium with 10% FBS was 
added to the lower chambers. Twenty-four hours 
later, the stained cells were counted using 
a microscope (Olympus, Tokyo, Japan). We repeated 
the transwell measurement at least three times.

Wound-healing experiment

SW480 and LoVo CRC cells (1 × 105) were inocu-
lated into 6 well-plates. After the confluence of 
CRC cells reached approximately 80%, a 200 μl 
pipette tip was used to produce three separate 
wounds (as parallel groups). Then, the floating 
cells were washed away. A representative image 
of cells migrating into the wound was taken 
using a microscope (Olympus). We repeated the 
wound-healing experiment at least three times.

Dual-luciferase reporter gene assay

SW480 and LoVo CRC cells (1 × 104) were grown in 
24-well plates. Linc00883-WT (WT) represented the 
recombinant plasmid obtained by inserting the WT- 
Linc00883 sequence containing the miR-577 bind-
ing sites (UUUAUCU) into the dual-luciferase 
reporter vector pmirGLO. Linc00883-Mut (Mut) 
represented the recombinant plasmid obtained by 
inserting the mutated Mut-Linc00883 sequence con-
taining the miR-577 binding sites (AAAUAGA) into 
the dual-luciferase reporter vector pmirGLO.

Next, Linc00883-WT or Linc00883-Mut was 
constructed and co-transfected into SW480 and 
LoVo cells with mimics-NC or miR-577 mimics. 
In addition, FKBP14-WT, FKBP14-Mut luciferase 
reporter plasmids were structured and co- 
transfected into SW480 and LoVo cells with miR- 
577 mimics or/and pcDNA-Linc00883, and their 
corresponding controls. Forty-eight hours after 
transfection, we analyzed the luciferase activity 
using the Dual-Luciferase Reporter Gene Assay 
Kit (Promega, Madison, WI, USA) given the stan-
dard procedures of the reagent manufacturer.

RNA immunoprecipitation (RIP) assay

RIP assays were performed using the RNA-Binding 
Protein Immunoprecipitation Kit (Millipore, USA) 

Table 2. The sequences of all primers used in qRT-PCR.
Gene name Primer sequence (5’-3’)

Linc00883 Forward: CAAGCGCATTCCCAGGTG
Reverse: TCAGATGGCAGCATAGTTGAGG

miR-577 Forward: GCGGCGGTAGATAAAATATTGG
Reverse: ATCCAGTGCAGGGTCCGAGG

FKBP14 Forward: GCTCCTTATTTCACTCCACTCAC
Reverse: TCCAGGATGCCCAGGGTAAA

U6 Forward: GCGCGTCGTGAAGCGTTC
Reverse: GTGCAGGGTCCGAGGT

GAPDH Forward: CAATGACCCCTTCATTGACC
Reverse: TTGATTTTGGAGGGATCTCG
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according to its instructions. Cells were incubated 
with AGO2 antibody or Anti-IgG antibody (Abcam, 
UK) overnight. The next day, the samples were 
washed and incubated with 0.1% SDS/Proteinase 
K. The expression levels of miR-577 and 
Linc00883 were detected using qRT-PCR [26].

RNA pull-down assay

RNA pull-down assay was performed using the 
Pierce™ Magnetic RNA-Protein Pull-Down Kit 
(Thermo, USA) according to its instructions. 
Biotin-labeled Linc00883 was transfected into 
cells and incubated with streptavidin magnetic 
beads. The expression levels of miR-577 were 
detected by qRT-PCR.

Western blot analysis

After harvesting the SW480 and LoVo CRC cells, 
the cells were lysed with RIPA buffer (150 mM 
NaCl, 0.5% EDTA, 50 mM Tris, 0.5% NP40). 
Then, the protein concentrations were quantified 
using the BCA kit (Pierce, Rockford, IL, USA); the 
proteins of different molecular weights were sepa-
rated on a 10% sodium dodecyl sulfate- 
polyacrylamide gradient gel (SDS-PAGE) and 
then transferred into the PVDF membranes 
(Millipore, Massachusetts, USA). After blocking 
the membranes with 5% BSA at room temperature 
for 2 h, the membranes were incubated with the 
primary antibodies including anti-FKBP14 
(Abcam, 0.1 µg/ml, ab251703), anti-α-SMA 
(Abcam, 0.341 µg/ml, ab7817), anti-vimentin 
(Abcam, 1:1000, ab137321), anti-fibronectin 
(Abcam, 1:1000, ab45688), anti-E-cadherin 
(Abcam, 1 µg/ml, ab231303), and anti-β-actin 
(Abcam, 1 µg/ml, ab8226) overnight at 4°C. After 
that, a horseradish peroxidase (HRP) labeled sec-
ondary antibody (Proteintech Group, Inc., IL, 
USA) was incubated with the membranes at 
room temperature for 1 h. An ECL chemilumines-
cence system (Pierce) was applied to quantify the 
protein bands [27].

Xenograft CRC tumor model

Twelve BALB/c female nude mice (SPF) obtained 
from the Experimental Animal Center of 

Zhengzhou University were used to construct 
a mouse model of CRC. After lenti-NC and lenti- 
Linc00883 were transfected into SW480 CRC cells, 
the cells (2.5 × 106) were injected subcutaneously 
into the dorsal side of nude mice [28,29]. The 
tumor volume was measured once a week, and 
the tumor volume was calculated. After 5 weeks, 
the nude mice were sacrificed, and the tumors 
were weighed. Xenograft CRC tumor models 
were successfully induced in all nude mice. Our 
research was approved by the Medical Ethics 
Committee of the First Affiliated Hospital of 
Zhengzhou University, and the animal experimen-
tal protocol was approved by Zhengzhou 
University Animal Care and Use Committee.

Statistical analysis

SPSS 21.0 software was applied to assess all experi-
mental data. The data were presented as mean ± 
standard deviation. When comparing the two 
groups, we conducted the Student’s t-test; when 
comparing among more than two groups, we con-
ducted one-way ANOVA followed by Tukey’s 
posttest. A P value of less than 0.05 was considered 
a significant difference.

Results

Linc00883 expression is elevated in tissue 
samples and cells of colorectal cancer

Increasing evidence shows that lncRNAs are clo-
sely related to the evolution of various human 
tumors [30,31]. However, lncRNAs relevant to 
CRC have not been fully elucidated. Here, we 
first assessed the correlation between lncRNA 
Linc00883 and the survival rate of CRC patients. 
The results clarified that CRC patients with low 
expression (n = 189) had a higher survival rate 
than those with high expression (n = 187; 
p = 0.019; Figure 1(a)), and the Linc00883 in 
CRC patients with distant metastasis (M1: 
n = 29) was higher than that in patients with non- 
metastatic CRC (M0: n = 199) (p = 0.003829; 
Figure 1(b)), suggesting that Linc00883 might be 
a potential target for CRC. Next, we analyzed the 
Linc00883 expression in CRC tissue samples 
(n = 64) and CRC cell lines, and the results 
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demonstrated that compared with the matched 
normal tissues adjacent to cancer and colon 
epithelial cell line NCM460, Linc00883 expression 
was elevated in CRC tissue samples (p < 0.001; 
Figure 1(c)) and CRC cell lines (p < 0.001; 
Figure 1(d)). The above experimental data corro-
borated that the elevated expression of Linc00883 
might be related to the poor prognosis and metas-
tasis of CRC.

Knockdown of Linc00883 restrains CRC cell 
proliferation, invasion, and migration

Immediately after, to further probe into the carci-
nogenic function of Linc00883 in CRC, we 
knocked down Linc00883 expression in SW480 
and LoVo CRC cell lines. The qRT-PCR results 
corroborated that Linc00883 was successfully 

knocked down in SW480 and LoVo CRC cells 
(p < 0.001; Figure 2(a)). From the results of 
CCK-8, we expounded that the Linc00883 knock-
down weakened the CRC cell proliferation 
(p < 0.01; Figure 2(b)). A transwell assay corrobo-
rated that the Linc00883 knockdown repressed the 
invasion of CRC cells (p < 0.001; Figure 2) (c–2). 
Moreover, the wound-healing experiment also 
showed that the Linc00883 knockdown restrained 
the CRC cell migration (p < 0.001; Figure 2)(e–2). 
Overall, the interference with Linc00883 inhibited 
CRC cell proliferation, invasion, and migration.

Linc00883 negatively regulates miR-577 
expression

As exhibited in Figure 3(a), Linc00883 expression 
was elevated in the cytoplasm of cells, implying 

Figure 1. Expression of Linc00883 in colorectal cancer tissue samples and cells. (a) The patient cohort was obtained from the gene 
information of the TCGA Colon Adenocarcinoma Datasets (COAD) database that was downloaded from the cBioPortal website. The 
expression of Linc00883 greater than 0.87 was defined as a high expression, while the expression of Linc00883 lower than 0.87 was 
defined as a low expression. Kaplan-Meier analysis of the correlation between Linc00883 and survival rate of colorectal cancer (CRC) 
patients with low expression of Linc00883 (n = 189) and with high expression of Linc00883 (n = 187). (b) Quantitative Real-Time PCR 
(qRT-PCR) was applied to detect the expression of Linc00883 in patients with distant metastasis of CRC (M1: n = 29) or non- 
metastatic CRC (M0: n = 199). The expression of Linc00883 in CRC tissues (n = 64) (c) and CRC cell lines (d) was assessed using qRT- 
PCR. ***P < 0.001 vs. Peri-tumor or NCM460 (colon epithelial cell line). All experiments were performed at least in triplicate.
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that Linc00883 was primarily distributed in the 
cytoplasm (p < 0.001). Furthermore, we found 
that Linc00883 and miR-577 had binding sites 
through the online bioinformatics (microRNA. 
org) and then measured the miR-577 expression 
in CRC tissue samples and cell lines. The results 
confirmed that miR-577 was decreased in CRC 

tissues (n = 64) and cell lines compared with the 
matched normal tissues adjacent to cancer and 
colon epithelial cell line NCM460 (p < 0.001; 
Figure 3(b)). Figure 3(c) showed that Linc00883 
was significantly negatively correlated with miR- 
577 (p = 0.0013). The online bioinformatics 
(microRNA.org) predicted the binding sites 

Figure 2. Influence of Linc00883 on CRC cell proliferation, invasion, and migration. Si-Linc00883 and its corresponding control were 
transfected into CRC cell lines SW480 and LoVo. (a) Analysis of the Linc00883 expression in CRC cells by qRT-PCR. (b) Cell Counting 
Kit-8 (CCK-8) was applied to analyze CRC cell proliferation. (c-d) The CRC cell invasion was assessed using a transwell assay (Scale bar: 
100 μm). (e-f) A wound-healing experiment was carried out to detect CRC cell migration (Scale bar: 200 μm). **P < 0.01, ***P < 0.001 
vs. si-NC. NC: Negative control. All experiments were performed at least in triplicate.
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between Linc00883 and miR-577 (Figure 3(d)). 
Next, si-Linc00883, pcDNA-Linc00883, and their 
corresponding controls were transfected into 
SW480 and LoVo cells. As shown in Figure 3(e), 
Linc00883 negatively regulated the expression of 
miR-577 (p < 0.001). Furthermore, the dual- 
luciferase reporter gene results corroborated that 
miR-577 negatively regulated the Linc00883 luci-
ferase activity (p < 0.001; Figure 3(f)). Therefore, 
we speculated that miR-577 might be negatively 
regulated by Linc00883, which would hinder 

RISC-mediated downstream mRNA silencing. To 
address this possibility, we further conducted RIP 
and RNA pull-down experiments. As shown in the 
RIP analysis, Linc00883 and miR-577 were 
enriched more in Ago2 precipitated particles than 
in the IgG control (p < 0.01; Figure 3(g)). 
Subsequent RNA pull-down tests further con-
firmed this result (p < 0.01; Figure 3(h)). Biotin- 
labeled Linc00883 (Bio-LinC00883) has a large 
number of miR-577 enrichment in its pull-down 
complex. Collectively, Linc00883 can combine 

Figure 3. Effect of Linc00883 on miR-577 expression. (a) The Linc00883 expression in the nucleus or cytoplasm of cells was measured 
using qRT-PCR. (b) qRT-PCR was applied to detect miR-577 expression in CRC tissue samples (n = 64) and cell lines. (c) The 
correlation analysis between Linc00883 and miR-577. (d) The online bioinformatics (microRNA.org) was performed to predict the 
binding sites between Linc00883 and miR-577. The si-Linc00883, pcDNA-Linc00883, and their corresponding controls were 
transfected into SW480 and LoVo cells. (e) Analysis of the miR-577 expression by qRT-PCR. (f) A dual-luciferase reporter gene 
assay was conducted to assess the influence of miR-577 on Linc00883 luciferase activity. (g-h) RIP and RNA pull-down assays were 
performed. **P < 0.01 vs. lgG or Bio-NC; ***P < 0.001 vs. nucleus, Peri-tumor, NCM460, si-NC, pcDNA-NC or mimics-NC. All 
experiments were performed at least in triplicate.
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with miR-577, and these data suggested the mole-
cular sponge role of Linc00883 for miR-577 via the 
ceRNA mechanism.

Linc00883 regulates CRC cell proliferation, 
invasion, and migration via miR-577

Subsequently, we transfected pcDNA-Linc00883 
or/and miR-577 mimics into SW480 and LoVo 
cells to investigate whether Linc00883 influenced 
CRC cell proliferation, invasion, and migration 
through miR-577. As shown in Figure 4) (a–4, 
the transfection of pcDNA-Linc00883 elevated 
the Linc00883 expression, and the transfection of 
miR-577 mimics had no remarkable effect on the 
Linc00883 expression (p < 0.001). Meanwhile, the 
transfection of pcDNA-Linc00883 restrained the 
miR-577 expression, and the transfection of the 
miR-577 mimics canceled the effect of pcDNA- 
Linc00883 (p < 0.05). From the results of the 
CCK-8, the Linc00883 overexpression facilitated 
the proliferation of CRC cells, while this facilita-
tion was reversed after the transfection of miR-577 
mimics (p < 0.05; Figure 4)(c–4). The transwell 
assay also indicated that the Linc00883 overexpres-
sion promoted the invasion of CRC cells, while 
this promotion was reversed after the transfection 
of the miR-577 mimics (p < 0.05; Figure 4) (e–4. 
Moreover, the wound-healing experiment indi-
cated that the Linc00883 overexpression facilitated 
CRC cell migration, while this trend was reversed 
after the transfection of the miR-577 mimics 
(p < 0.05; Figure 4)(g–4). In summary, the 
Linc00883 overexpression facilitated CRC cell pro-
liferation, invasion, and migration by decreasing 
miR-577.

Linc00883 regulates CRC cell proliferation, 
invasion, and migration through the miR-577/ 
FKBP14 axis

Next, we further probed into the downstream target 
genes of miR-577. Online bioinformatics software 
(starBase) predicted the potential binding sites 
between miR-577 and FKBP14 (Figure 5(a)), indicat-
ing that FKBP14 might be one of the downstream 
target genes of miR-577. From the TCGA database, 
we found that FKBP14 was more elevated in colon 
cancer (n = 286) than that in the normal group 

(n = 41); the elevated FKBP14 (n = 70) was more 
relevant to poor prognosis than the low-/medium- 
expressed FKBP14 (n = 209; p = 0.012; Figure 5)(b– 
5). The western blot and qRT-PCR analysis also 
corroborated that the levels of FKBP14 were elevated 
in CRC tissues (p < 0.001; Figure 5)(d–5). 
Additionally, Figure 5(f) showed that FKBP14 was 
significantly negatively correlated with miR-577 in 
CRC tissues (p = 0.0079). Subsequently, we trans-
fected si-Linc00883 or/and the miR-577 inhibitor 
into SW480 cells. The results of the qRT-PCR clar-
ified that the transfection of si-Linc00883 decreased 
the Linc00883 expression, while the co-transfection 
of the miR-577 inhibitor had no remarkable effect on 
the Linc00883 expression. Moreover, the transfec-
tion of si-Linc00883 increased the expression of 
miR-577, while the co-transfection of the miR-577 
inhibitor canceled the effect of si-Linc00883 
(p < 0.05; Figure 5) (g–5. As exhibited in Figure 5 
(i), the interference with Linc00883 decreased the 
mRNA and protein levels of FKBP14, while these 
effects were reversed after the transfection of the 
miR-577 inhibitor (p < 0.01). Moreover, we trans-
fected pcDNA-Linc00883 or/and the miR-577 
mimics into SW480 cells. As shown in Figure 5(j), 
the Linc00883 overexpression elevated the mRNA 
and protein levels of FKBP14, while these effects 
were reversed after the transfection of the miR-577 
mimics (p < 0.05). From the results of the dual- 
luciferase reporter gene assay, miR-577 negatively 
regulated the luciferase activity of FKBP14, while 
the Linc00883 overexpression reversed the regula-
tion of miR-577 on FKBP14 luciferase activity 
(p < 0.01; Figure 5(k)). Next, we transfected si- 
FKBP14 into SW480 and LoVo cells to investigate 
the effect of FKBP14 on CRC cell proliferation, inva-
sion, and migration. Our experimental results indi-
cated that the interference with FKBP14 restrained 
the proliferation (p < 0.001; Figure 5(l)), invasion 
(p < 0.001; Figure 5(m)), and migration (p < 0.01; 
Figure 5(n)) of CRC cells. Overall, Linc00883 regu-
lated CRC cell proliferation, invasion, and migration 
through the miR-577/FKBP14 axis.

Linc00883 facilitates CRC tumor growth in vivo

To clarify whether Linc00883 also exerted as an 
oncogene in vivo, we constructed a xenograft nude 
mouse model of CRC by subcutaneously injecting 
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Figure 4. Linc00883 influences CRC cell proliferation, invasion, and migration via miR-577. The pcDNA-Linc00883 or/and miR-577 
mimics and their corresponding controls were transfected into SW480 and LoVo cells. (a-b) The expressions of Linc00883 and miR- 
577 were measured using qRT-PCR. (c-d) CCK-8 was applied to assess CRC cell proliferation. (e-f) The CRC cell invasion was measured 
using transwell assay (Scale bar: 100 μm). (g-i) A wound-healing experiment was performed to assess CRC cell migration (Scale bar: 
200 μm). *P < 0.05, **P < 0.01, ***P < 0.001 vs. pcDNA-NC + mimics-NC. #P < 0.05, ##P < 0.01 vs. pcDNA-NC + miR-577 mimics. NC: 
Negative control. All experiments were performed at least in triplicate.
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CRC cells SW480 transfected with lenti-Linc00883. 
As shown in Figure 6) (a–6, the Linc00883 over-
expression increased the volume and weight of the 

CRC tumors (p < 0.01). Meanwhile, the Linc00883 
overexpression increased the expressions of 
Linc00883 and FKBP14, decreased miR-577 

Figure 5. Linc00883 regulates CRC cell proliferation, invasion, and migration via the miR-577/FKBP14 axis. (a) Bioinformatics online 
software (StarBase) was applied to forecast the potential binding sites between miR-577 and FKBP14. TCGA database was applied to 
analyze the expression in colon cancer (B, Normal: n = 41 and Primary tumor: n = 286) or the effect of FKBP14 on the prognosis of 
colon cancer (C, high expression FKBP14: n = 70; low/medium expression FKBP14: n = 209). (d) The protein level of FKBP14 in CRC 
tissue samples was detected by western blot. (e) The mRNA level of FKBP14 in CRC tissue samples was detected by qRT-PCR. (f) The 
correlation analysis between FKBP14 and miR-577. The si-Linc00883 or/and miR-577 inhibitor were transfected into SW480 cells. 
(g-h) The expressions of Linc00883 and miR-577 were detected by qRT-PCR. (i) Detection of FKBP14 mRNA and protein levels using 
qRT-PCR and western blot. The pcDNA-Linc00883 or/and miR-577 mimics was transfected into SW480 cells. (j) Detection of FKBP14 
mRNA and protein levels by qRT-PCR and western blot. (k) Detection of the luciferase activity of FKBP14 using dual-luciferase 
reporter gene assay. The si-FKBP14 was transfected into SW480 and LoVo cells. (l) The CRC cell proliferation was assessed by CCK-8. 
(m) Transwell assay was applied to analyze CRC cell invasion (Scale bar: 100 μm). (n) The CRC cell migration was assessed using 
a wound-healing experiment (Scale bar: 200 μm). *P < 0.05, **P < 0.01, ***P < 0.001 . All experiments were performed at least in 
triplicate.
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(p < 0.001; Figure 6)(d–6), and elevated the pro-
tein level of FKBP14 (Figure 6(g)). Moreover, the 
Linc00883 overexpression elevated the protein 
levels of α-SMA, vimentin, and fibronectin and 
decreased E-cadherin, supporting the conclusion 
that the Linc00883 overexpression facilitated the 
epithelial–mesenchymal transition (EMT) of CRC 
(Figure 6(h)). In conclusion, our experimental 
results corroborated that Linc00883 facilitated the 
growth of CRC tumors in vivo.

Discussion

Due to the lack of effective clinical treatment and 
biomarkers with diagnostic value, CRC is one of 

the most malignant tumors recognized worldwide 
[32]. Thus, there is an urgent need to investigate 
the molecular mechanism of CRC to excavate 
novel effective targets. In this research, we found 
that Linc00883 expression was elevated in CRC 
tissue samples and cells; the patients with high 
Linc00883 expression had a low survival rate and 
were prone to distant metastasis. Our further 
investigation illustrated that Linc00883 facilitated 
CRC cell proliferation, invasion, and migration via 
the miR-577/FKBP14 axis.

Previous studies demonstrated that lncRNAs 
play crucial regulatory functions in the evolution 
of tumors [33,34], and lncRNAs negatively regu-
late the expression of miRNAs via the sponge 

Figure 6. Effect of Linc00883 on CRC tumor growth in vivo. A xenograft nude mouse model of CRC by subcutaneously injecting CRC 
cells SW480 transfected with lenti-Linc00883 was established. n = 6. (a-b) Detection of the volume of CRC tumors. (c) Detection of 
the weight of CRC tumors. (d-f) Detection of Linc00883, miR-577, and FKBP14 expressions by qRT-PCR. (g) Detection of the FKBP14 
protein level using western blot. (h) Detection of the protein levels of epithelial-mesenchymal transition (EMT)-related proteins 
E-cadherin, vimentin, fibronectin, and α-SMA by western blot. **P < 0.01, ***P < 0.001 vs. lenti-NC.
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function of miRNAs [35]. As has been reported, 
LOC646329 restrains the progression of CRC by 
exerting the sponge function of miR-29b [36]. 
Moreover, Yu et al. reported that Linc00461 exerts 
oncogenic functions in CRC by sponging miR- 
323b-3p [37]. In our research, we also clarified 
that Linc00883 sponged miR-577 by binding to 
miR-577, thus playing crucial regulatory functions 
in CRC cell proliferation, invasion, and migration, 
which was consistent with the results of the afore-
mentioned studies.

LncRNAs also play an important role in the reg-
ulation of EMT in cancer cells [38]. Accumulating 
evidence shows that EMT facilitates CRC cell inva-
sion and metastasis [39]. As reported, lncRNA VIM- 
AS1 is elevated in CRC tissues and cells and pro-
motes tumor metastasis through the Vim-EMT 
pathway [40]. In addition, lncRNA CASC21 has 
also been reported to promote CRC cell prolifera-
tion, migration, EMT, and to further aggravate CRC 
[41]. In this study, we also corroborated that 
Linc00883 facilitated the EMT of CRC. Previous 
studies also indicated that EMT exerts crucial regu-
latory functions in tumor immunosuppression and 
immune escape [42,43] and that low infiltration of 
lymphocytosis in tumors is associated with the high 
expression of EMT-related genes [44]. These results 
confirmed that elevated Linc00883 might participate 
in the regulation of tumor immunity, which is 
worthy of further investigation in this study.

Increasing evidence from recent studies indi-
cates that miRNAs exert important functions in 
human diseases [45,46]. For instance, miR-130a 
promotes malignant tumor growth by targeting 
PTEN [47]. Shen et al. found that miR-145 is 
down-regulated in CRC cells and miR-145 over-
expression restrains CRC cell invasion and 
migration via targeting TWIST1 [48]. Jiang 
et al. also proved that miR-577 is decreased in 
CRC tissue samples and cells, which might act as 
a tumor suppressor in CRC by targeting HSP27 
to restrain the HSP27 expression [21]. Likewise, 
our results indicated that miR-577 was down- 
regulated in CRC tissues and cells, and overex-
pressing miR-577 inhibited cell invasion and 
migration in CRC cells.

FKBP14 belongs to the FKBP family, which has 
a cancer-promoting function and abnormal expres-
sion in various malignant tumors [23,49]. FKBP14 

can promote the progress of gastric cancer, ovarian 
cancer, and osteosarcoma [23,50,51]. Furthermore, 
FKBP14 also facilitates CRC cell proliferation and 
migration [24]. In this study, we also corroborated 
that FKBP14 was up-regulated in CRC tissues, and 
interference with FKBP14 inhibited cell prolifera-
tion, invasion, and migration in CRC cells. 
Furthermore, FKBP14 was negatively regulated by 
miR-577. Our in-depth research confirmed that 
miR-577 restrained CRC cell proliferation, invasion, 
and migration via decreasing FKBP14.

Overall, our experimental results confirmed 
the promoting effect of Linc00883 on CRC, 
which might be achieved by regulating the miR- 
577/FKBP14 axis. We also confirmed the binding 
relationships between Linc00883 and miR-577, as 
well as between miR-577 and FKBP14. Our 
research might provide novel potential targets 
for CRC treatment. Previous studies indicated 
that lncRNAs can be applied to identify different 
clinically relevant CRC molecular subtypes 
[52,53], and we found the high expression of 
Linc00883 to be of great significance, These 
results suggest that we can further investigate 
which consensus molecular subtypes (CMS) can 
be classified in other tumors. Meanwhile, with 
the development of RNA-seq technology and 
the association between lncRNAs and other path-
ways [54–56], we would use RNA-seq technology 
in the future to investigate the relationship 
between LINC00883 and other targets/pathways, 
including angiogenesis, mitochondria, and ion 
channels to further enrich the content of this 
study.
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