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Abstract

LINC01089 suppresses the malignant progression of breast, colorectal, and non-small cell lung cancers. However, the
function of LINC01089 in thyroid cancer has not yet been elucidated. Here, The Cancer Genome Atlas (TCGA) database
showed that LINC01089 expression is remarkably reduced in thyroid cancer tissues. Lower LINC0O1089 expression was cor-
related with higher tumor stage and regional lymph node metastasis. Furthermore, LINC0O1089 overexpression effectively
blocked thyroid cancer cell proliferation, migration, and invasion. LINCO1089 acted as a competing endogenous RNA for
miR-27b-3p, thus inhibiting miR-27b-3p expression. miR-27b-3p overexpression promoted the proliferation, migration,
and invasion of thyroid cancer, reversing the effect of LINCO1089 overexpression on thyroid cancer. Fibulin-5 (FBLN5)
was discovered as a target of miR-27b-3p in thyroid cancer. FBLN5 expression was found to be underexpressed in thyroid
cancer and was enhanced and reduced by LINC00987 overexpression and miR-27b-3p overexpression, respectively. Fur-
thermore, FBLN5 knockdown promoted the malignant progression of thyroid cancer cells by counteracting the effect of
LINC00987. In conclusion, LINC01089 plays a tumor-suppressive role by binding miR-27b-3p to increase FBLN5 expres-
sion, confirming that LINC01089 has tremendous potential to become a therapeutic target for thyroid cancer treatment.
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Abbreviations

FBLN5 Fibulin-5

LncRNA  Long noncoding RNAs

NSCLC Non-small cell lung cancer

AGO2 Argonaute2

RIP RNA immunoprecipitation

RT-gPCR Reverse-transcription quantitative polymerase chain reaction
ANOVA  One-way analysis of variance

SD Standard deviation

T Tumor size

N The metastasis of regional lymphnodes
M Distant metastasis

oS Overall survival

PFI Progression-free interval
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1 Introduction

Thyroid cancer, a notable endocrine cancer, is the fourth most prevalent cancer worldwide, and its morbidity rate has
rapidly increased over the past few decades [1]. Patients with thyroid cancer have a satisfactory prognosis after treat-
ment, with a 5-year survival rate of over 98% [2]. Nevertheless, thyroid cancer has a strong tendency to metastasize to
neck lymph nodes (20-50%) and exhibit distant metastasis (3-15%), which promotes tumor recurrence and results in a
5-year survival rate of metastatic patients as low as ~50% [3-6]. Therefore, identifying novel therapeutic targets for use
in the treatment of metastatic thyroid cancer is critical.

Long noncoding RNAs (IncRNAs) play an important role in regulating thyroid cancer initiation and progression. MALAT1
and OIP5-AS1, which contribute to thyroid cancer growth and progression, play an oncogenic role [7, 8]. In contrast,
SLC26A4-AS1 and PTCSC3, which alleviate thyroid cancer initiation and progression, have tumor-suppressive effects
[9, 10]. Therefore, further understanding of the role of IncRNAs in thyroid cancer progression is crucial. As reported,
LINC01089 suppresses the malignant progression of non-small cell lung cancer (NSCLC), breast cancer, and colorectal
cancers [11-13]. Whereas, LINC01089 knockdown enhanced chemosensitivity for sorafenib in hepatocellular carcinoma
cells [14]. However, the function of LINCO1089 in thyroid cancer has not yet been elucidated.

Notably, many IncRNAs that ‘sponge’ specific miRNAs via ceRNAs function to control tumor development. LINC0O1089
can sponge miR-27a/27b/3187-3p in breast, gastric, and NSCLC cancers, respectively [12, 13, 15]. miRNAs play an impor-
tant role in the regulation of thyroid cancer. miRNA such as miR-144-3p reduced the malignant progression of thyroid
cancer while let-7e-5p promoted the malignant progression of thyroid cancer [16, 17]. Therefore, we hypothesized that
miRNAs might be sponged by LINC01089, which prevents the progression of thyroid cancer. Fibrin enhances cell-to-cell
adhesion in the cellular microenvironment and also affects cell behavior [18]. Fibulin-5 (FBLN5), a fibrin, has been shown
to enhance endothelial cell adhesion [19]. FBLN5 reduced the invasion, mammospheres formation, and proliferation
capacity of cancer cells via silencing 3-catenin phosphorylation in breast cancer and NSCLC, acting as a cancer suppres-
sor gene [20-22]. Whether FBLN5 acts downstream of LINCO1089 regulation in thyroid cancer is unclear.

Here, the key functions and mechanisms of LINC01089 in the malignant progression of thyroid cancer were studied.
The results demonstrate the potential of LINCO1089 for use as a therapeutic target in the treatment of thyroid cancer.

2 Materials and methods
2.1 Bioinformatic analyses

LINC01089 expression and differential low expression of mRNA in thyroid cancer and normal thyroid samples were
analyzed using GEPIA2.0. The possible adsorbed miRNA of LINC0O1089 was analyzed via starBase 3.0 [23] and LncBase
Predicted v.2. Differentially expressed miRNAs in thyroid cancer were analyzed using OncomiR [24]. MiR-27b-3p and
miR-129-5p expression were found in thyroid cancer using starBase 3.0 [23]. The subcellular localization of LINC01089
expression was determined using the IncLocator (http://www.csbio.sjtu.edu.cn/bioinf/IncLocator/).

2.2 Cell culture and transfection

Cells from a normal thyroid follicular epithelial cell line (Nthy-ori 3-1) and two thyroid cancer cell lines (TPC-1 and CAL-
62) (ZQXZ, Shanghai, China) were cultured according to the recommendations. The LINCO1089 sequence (NR_152740.1)
was compounded and cloned into pcDNA3.1 (Promega, Madison, WI, USA) and named ovLINC01089. Empty pcDNA3.1
acted as a negative control (ovNC). Additionally, NC mimic, miR-27b-3p mimic (miR mimic), siRNA for FBLN5 (siFBLNS5),
and NC siRNA (siNC) were procured from RiboBio (Guangzhou, China). Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA) was used for transfecting experiments.
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2.3 Reverse-transcription quantitative polymerase chain reaction (RT-qPCR)

Total RNA was extracted from Nthy-ori 3-1, TPC-1, and CAL-62 cells using TRIzol reagent (Invitrogen). The quality and concen-
tration of RNA were detected using an Eppendorf BioPhotometer Plus (Munchen, Germany). RNA was reverse-transcribed
using the RT Master Mix Kit (Promega, Madison, W, USA), and qPCR was performed using SYBR Green qPCR SuperMix (Invit-
rogen) with the ABI PRISM’ 7500 Sequence Detection System (Invitrogen). The primer sequences were as follows: LINCO1089:
5'-CAGCGCTCAGCCTTCAGTAA-3’ (forward) and 5'-CGTTTATTGAGAGGCAGTTGTG-3’ (reverse); B-actin: 5-GCATGGGTCAGA
AGGATTCCT-3' (forward) and 5'-TCGTCCCAGTTGGTGACGAT-3’ (reverse); miR-27b-3p: 5'-~ACACTCCAGCTGGGTTCACAGTGGCTA
AGTT-3' (forward) and 5'-CTCAACTGGTGTCGTGGA-3' (reverse); and U6: 5-CTCGCTTCGGCAGCACA-3’ (forward) and 5'-AAC
GCTTCACGAATTTGCGT-3' (reverse). LINCO1089 and miR-27b-3p expression were normalized to GAPDH and U6, respectively.

2.4 Cell proliferation, migration, and invasion assays

The proliferation of TPC-1 and CAL-62 cells was assessed at 24, 48, and 72 h using the Cell Counting Kit-8 assay (CCK8; Dojindo,
Kumamoto, Japan) at 450 nm. Migration and invasion of TPC-1 and CAL-62 cells were analyzed using the Transwell assay
with or without Matrigel (BD Biosciences), based on a previous study [13].

2.5 Dual-luciferase reporter assay

The wild-type and mutational-type sequences of LINCO1089 and FBLN5 3'-UTR sequences were compounded and cloned into
the pmirGLO luciferase reporter vector (Promega). Luciferase reporter vectors and miR-27b-3p mimics were co-transfected
into HEK-293T cells. After transfection for 24 h, luciferase activity was analyzed using the Dual-Luciferase kit (Promega) and
was normalized to Renilla luciferase activity.

2.6 Western blot

FBLN5 was analyzed by western blotting based on a previous study [13]. Briefly, the total protein (30 pug per lane) was
isolated from Nthy-ori 3-1, TPC-1, and CAL-62 cells using 10% SDS-PAGE, and then the proteins were transferred onto
methanol-pretreated polyvinylidene fluoride membranes. Next, membrane blocking and primary rabbit monoclonal anti-
body treatment were performed using the following antibodies: anti-fibulin 5 (1:3000, ab109428, Abcam) and anti-GAPDH
(1:10,000, ab181602, Abcam), respectively. A dilution of Goat Anti-Rabbit IgG H&L (HRP) (1:10,000, ab205718, Abcam) was
added. Enhanced chemiluminescent reagent (Thermo Scientific Pierce, Rockford, IL, USA) was used to visualize the protein
abundance.

2.7 Argonaute2 (AGO2)-RNA immunoprecipitation (RIP) assays

The AGO2-RIP assay was performed using the RIP Kit (Boxin, Guangzhou, China) following the manufacturer’s instructions.
Then, miR-27b-3p and LINC01089 expressions were analyzed by RT-qPCR.

2.8 Statistical analyses
The statistical analyses were performed using SPSS 21.0 (IBM SPSS Statistics). Experimental data that had consistent normal
distributions are shown as the mean + standard deviation (SD). One-way analysis of variance (ANOVA) was used to study

the differences between three groups, followed by Tukey’s post hoc test to study the differences between two groups. Dif-
ferences between the two groups were assessed using the unpaired t-test. p <0.05 was considered statistically significant.
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3 Results

3.1 LINCO01089 downregulation was related to higher tumor size and the metastasis of regional lymph
nodes in thyroid cancer

First, the LINCO1089 expression was analyzed using GEPIA. Figure 1A shows that LINC0O1089 expression was lower in
thyroid cancer samples compared with that in normal samples. Moreover, LINCO1089 expression was lower in thyroid
cancer cells (TPC-1 and CAL-62) compared with that in normal Nthy-ori 3-1 cells (Fig. 1B). Additionally, lower LINCO1089
expression was related to female patients, greater tumor size, and the metastasis of regional lymph nodes (Table 1).
LINC01089 was not significantly associated with age, distant metastasis stage, pathologic stage, progression-free interval,
and overall survival in patients with thyroid cancer (Table 1). The results suggested that low expression of LINCO1089
may be associated with tumor proliferation and migration.

3.2 LINCO01089 inhibits cell proliferation and migration in thyroid cancer

To validate the effect of LINC01089, we enhanced LINCO1089 expression by transfecting pcDNA3.1/LINC01089. LINC01089
expression was higher in the ovLINC01089 group compared with that in the ovNC group in both TPC-1 and CAL-62 cells
(Fig. 2A). Furthermore, the proliferation, migration, and invasion capacity of TPC-1 and CAL-62 cells were decreased in
the ovLINC01089 group compared with that in the ovNC group (Fig. 2B and C).

3.3 LINC01089 functions as a ceRNA for miR-27b-3p in thyroid cancer

LINC01089 expression mainly occurs in the cytosol according to IncLocator analysis, suggesting that LINCO1089 may
play a regulatory role by adsorbing miRNA. The predicted targets of LINCO1089 were analyzed using starBase 3.0 and
LncBase Predicted v.2. In addition, differentially expressed miRNAs in thyroid cancer were analyzed using OncomiR.
The overlapping part of the three sets of data revealed two potential target miRNAs (Fig. 3A). Among the two miRNAs,
miR-27b-3p expression was markedly overexpressed, while miR-129-5p expression was markedly reduced in the tumor
samples from TCGA data (Fig. 3B). LINC01089 had binding sites with miR-27b-3p (Fig. 3C). The luciferase activity was
markedly lowered in the miR-27b-3p mimic + wild-type-LINC01089 group, while there was no marked effect in the miR-
27b-3p mimic+mutant-LINC01089 group, compared with the corresponding NC mimic + group (Fig. 3C). The AGO2-RIP
analysis results showed that LINC0O1089 and miR-27b-3p expression in the AGO2 group were markedly higher than
those in the IgG group (Fig. 3D). AGO2-RIP and luciferase activity analysis indicated that LINC0O1089 could sponge to
miR-27b-3p. Moreover, miR-27b-3p expression in TPC-1 and CAL-62 cells was significantly higher than that in Nthy-ori
3-1 cells (Fig. 3E). Intriguingly, RT-gPCR analysis showed a decline of miR-27b-3p expression in TPC-1 and CAL-62 cells
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Table 1 The relationship

between LINC01089 and the Characteristic Low expression High expression p
clinical characteristics n 255 255

Age, meidan 46 (35,61) 46 (34, 56) 0.340

Gender, n (%) 0.047
Female 196 (38.4%) 175 (34.3%)
Male 59 (11.6%) 80 (15.7%)

T stage, n (%) 0.004
T 62 (12.2%) 81 (15.9%)
T2 73 (14.4%) 94 (18.5%)
T3 104 (20.5%) 71 (14%)
T4 15 (3%) 8(1.6%)

N stage, n (%) 0.025
NO 101 (22%) 128 (27.8%)
N1 127 (27.6%) 104 (22.6%)

M stage, n (%) 0.506
Mo 137 (46.4%) 149 (50.5%)
M1 3(1%) 6 (2%)

Pathologic stage, n (%) 0.761
Stagel 139 (27.4%) 147 (28.9%)
Stagelll 25 (4.9%) 27 (5.3%)
Stage lll 61 (12%) 52 (10.2%)
Stage IV 30 (5.9%) 27 (5.3%)

OS event, n (%) 0.446
Alive 245 (48%) 249 (48.8%)
Dead 10 (2%) 6(1.2%)

PFl event, n (%) 0.314
Alive 224 (43.9%) 232 (45.5%)
Dead 31 (6.1%) 23 (4.5%)

T: Tumor size; N: the metastasis of regional lymphnodes; M: distant metastasis; OS: overall survival; PFI:
progression-free interval. T1: maximum diameter of tumor <2 ¢cm and confined to the thyroid; T2:
maximum diameter of tumor>2 cm but <4 cm and confined to the thyroid; T3: maximum diameter of
tumor >4 cm and confined to the thyroid gland, or tumor of any size that invades the band muscle out-
side the thyroid gland under the naked eye; T4: includes gross extracorporeal invasion of the thyroid
gland. NO: No regional lymphnodes metastasis; N1: with regional lymphnodes metastasis. MO: No distant
metastases; M1: with distant metastasis

transfected with ovLINC01089 (Fig. 3F). These findings suggest that LINC0O1089 can sponge and inhibit miR-27b-3p
expression in TPC-1 and CAL-62 cells.

3.4 miR-27b-3p overexpression weakened the LINC01089 effect in thyroid cancer

Next, we investigated whether miR-27b-3p participates in the effect of LINC01089 on the biological function of thyroid
cancer. First, to assess whether LINCO1089 would saturate with the increase of miR-27b-3p, we performed rescue experi-
ments and co-transfected ovLINC01089 and the different concentrations of miR-27b-3p-mimic into TPC-1 and CAL-62
cells. Compared with that in the ovLINC01089 +NC mimic group, miR-27b-3p expression in the ovLINC01089 + 10/20/50/1
00/200 nM miR mimic groups was high in both TPC-1 and CAL-62 cells (Fig. 4A). Whereas, miR-27b-3p expression exhibited
no change between ovLINC01089 + NC mimic and ovLINC01089 + 1 nM miR mimic groups (Fig. 4A). In addition, LINCO1089
expression exhibited no change between ovLINC01089 + NC mimic and ovLINC01089 + miR mimic (200 nM) groups,
suggesting that miR-27b-3p overexpression did not affect LINCO1089 expression (Fig. 4A). Meanwhile, compared with
that in the ovLINC01089 + NC mimic group, the proliferation capacity of thyroid cancer cells was significantly increased
in the ovLINC01089+ 100/200 nM miR mimic group in TPC-1 cell and in the ovLINC01089+20/50/100/200 nM miR mimic
group in CAL-62 cell, while other ovLINC01089 +miR mimic groups had no significant change (Fig. 4B). According to the
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Fig.2 LINC01089 inhibits proliferation, migration, and invasion capacity of thyroid cancer. A LINC01089 expression in blank, ovNC-trans-
fected, and ovLINC01089-transfected TPC-1 and CAL-62 cells was measured by RT-qPCR at 48 h after transfection. B The proliferation of
TPC-1 and CAL-62 cells was evaluated by CCK-8 assay at 48 h after transfection. C Migration and invasion capacity of TPC-1 and CAL-62 cells
were assessed by Transwell assay at 48 h after transfection (magnification, 100x). Histograms represent the mean+SD (n=3). **p<0.01,
%0 <0001

expression results of miR-27b-5p and proliferation results in TPC-1 and CAL-62 cells (Fig. 4A and B), it showed that only
when the expression of miR-27b-5p reached a certain level, the effect of LINC01089 on cell proliferation could be sig-
nificantly reversed. This result shows that LINC01089 will saturate with the increase of miR-27b-3p, causing miR-27b-3p
to reverse LINC01089 effect. Compared with that in the ovLINC01089 + NC mimic group, the migration and invasion
capacity of thyroid cancer cells were significantly increased in the ovLINC01089+ miR mimic (200 nM) group (Fig. 4C).
This result suggested that miR-27b-3p overexpression promotes the malignant progression potential of thyroid cancer
cells and weakens the LINCO1089 effect.

3.5 FBLN5 is a possible target of LINC0O1089/miR-27b-3p

First, significantly decreased genes in thyroid cancer were analyzed by GEPIA. Then, the possible target of miR-27b-3p was
analyzed via Starbase 3.0, miRDB, and targetscan 8.0. The intersection of the above two sets of results indicated 14 poten-
tial target genes (Fig. 5A). Among the 14 potential target genes, FBLN5 mRNA expression was significantly decreased
in thyroid cancer, as determined by GEPIA analysis (Fig. 5B). The luciferase assay showed that after co-transfection with
wild-type FBLN5 3'-UTR, the relative fluorescence value in the miR-27b-3p mimic group was significantly lower than
that of the NC group, while the relative fluorescence value showed no significant change between the miR-27b-3p-
mimic+ mutant FBLN5 3’-UTR and NC-mimic+ mutant FBLN5 3’-UTR groups (Fig. 5C), suggested that FBLN5 3'-UTR is
bonded with miR-27b-3p. In addition, the FBLN5 protein level was significantly decreased in both thyroid cancer cells.
The FBLNS5 protein level was increased after LINC01089 overexpression, while it was reduced in TPC-1 and CAL-62 cells
after ovLINC01089 and miR-27b-3p mimic co-overexpression (Fig. 5D).

3.6 FBLNS5 silence reverses the LINCO1089 effect in thyroid cancer

Next, we investigated whether FBLNS5 is involved in the influence of LINCO1089 on the biological function of thyroid
cancer. We performed rescue experiments and co-transfected si FBLN5 (siNC) and ovLINC01089 into TPC-1 and CAL-62
cells. Compared with that in the ovLINCO1089 + siNC group, the FBLN5 protein level in the ovLINC01089 + siFBLN5 group
was significantly down-regulated in both TPC-1 and CAL-62 cells (Fig. 6A). Meanwhile, the proliferation, migration, and
invasion capacity of thyroid cancer cells were increased in the ovLINC01089 +siFBLN5 group (Fig. 6B and C). This result
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Fig.3 LINC01089 could sponge and inhibit miR-27b-3p expression in thyroid cancer. A Three circles represent the targeted miRNAs of
LINC01089 (starBase 3.0 and LncBase Predicted 2.0 websites) and differential expression of miRNAs in thyroid cancer (oncomiR). The middle
part represents the intersection of miRNAs. B Differential expression of miR-27b-3p and miR-129-5p via TCGA data analysis. C The binding
of LINC01089 to miR-27b-3p was predicted via the starBase 3.0 website. The binding of LINCO1089 to miR-27b-3p was confirmed via dual-
luciferase reporter gene assay. D miR-27b-3p and LINC01089 expressions were analyzed by RT-qPCR after AGO2-RIP analysis. E miR-27b-3p
expression in thyroid cancer cells (TPC-1 and CAL-62) and normal Nthy-ori 3-1 cells was measured via RT-qPCR. F miR-27b-3p expression in
blank, ovNC-transfected, and ovLINC01089-transfected TPC-1 and CAL-62 cells was analyzed by RT-qPCR at 48 h after transfection. Histo-
grams represent the mean +SD (n=3). *p<0.05, **p <0.01, ***p <0.001

demonstrated that FBLN5 knockdown promotes the progression potential of thyroid cancer and weakens the LINCO1089
effect.

4 Discussion
Neck lymph nodes and distant metastasis in thyroid cancer promote tumor recurrence and a low survival rate [3-6]. In

this study, LINC01089 expression in thyroid cancer samples and cells was markedly reduced. Lower LINC0O1089 expres-
sion was significantly associated with higher T/N stages. These results verified that LINC01089 might be involved
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Fig.4 miR-27b-3p overexpression promoted the malignant progression potential of ovLINCO1089-transfected thyroid cancer cells. A miR-
27b-3p expression in TPC-1 and CAL-62 cells was measured via RT-gPCR after co-transfection with ovLINC01089 and the different concen-
trations of miR (miR-27b-3p) mimic. LINC01089 expression in TPC-1 and CAL-62 cells was measured via RT-qPCR after co-transfection with
ovLINC01089 and 200 nM miR mimic. B Proliferation was evaluated by the CCK-8 assay after co-transfection ovLINC01089 and the different
concentrations of miR mimic. C Migration and invasion were assessed by the Transwell assay after co-transfection ovLINC01089 and 200 nM
miR mimic (magnification, 100x). Histograms represent the mean+SD (n=3). *p <0.05 and ***p <0.001
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Fig.5 FBLN5 was the downstream target of LINCO1089/miR-27b-3p. A Significantly decreased genes in thyroid cancer were analyzed by
GEPIA. Then, the possible target of miR-27b-3p was analyzed by miRDB, Starbase 3.0, and targetscan 8.0. The intersection of the above two
sets of results indicated 14 potential target genes. B FBLN5 mRNA expression in thyroid cancer was determined by GEPIA analysis. C The
binding between miR-27b-3p and FBLN5 3'-UTR was analyzed by the luciferase assay. D FBLN5 protein in transfected TPC-1 and CAL-62 cells
was analyzed by western blotting at 48 h after transfection

in the development of thyroid cancer. LINC0O1089 acts as a tumor suppressor that inhibits malignant progression
capacity in breast cancer, NSCLC, and colorectal cancers [11-13]. Similarly, our study found that LINC0O1089 over-
expression blocked the malignant progression capacity of thyroid cancer, verifying that LINC01089 also acts as a
tumor suppressor.

Additionally, we found that miR-27b-3p expression was enhanced in thyroid cancer tissues and cells. It is controversial
whether abnormally expressed miR-27b-3p acts as an oncogene or an anti-oncogene in cancer. miR-27b-3p inhibited
malignant progression capacity by targeting RUNX1, Nrf2, and MARCH?7 in gastric cancer, esophageal squamous cell car-
cinoma, and endometrial cancer, respectively [25-27]. In contrast, miR-27b-3p accelerated tumor progression via PPARG
and HOXA10 in triple-negative breast cancer and colorectal cancer, respectively [28, 29]. In addition, the knockdown of
miR-27b-3p reduced the chemoresistance in doxorubicin-resistant thyroid cancer cells [30], showing that miR-27b-3p
plays an oncogene role in thyroid cancer. Consistently, we found that miR-27b-3p plays an oncogene role in thyroid
cancer. Additionally, LINC01089 can bind with miR-27b-3p and inhibit its expression. miR-27b-3p overexpression suc-
cessfully weakened the LINCO1089 effect in thyroid cancer. These results suggest that LINC01089 blocks the malignant
progression of thyroid cancer cells by sponging and inhibiting miR-27b-3p.
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Fig.6 FBLNS5 silence promoted the malignant progression potential of ovLINC01089-transfected thyroid cancer cells. A FBLN5 protein in
TPC-1 and CAL-62 cells was measured via western blotting after co-transfection of ovLINC01089 and siFBLN5. B Proliferation was evaluated
by the CCK-8 assay after co-transfection. C Migration and invasion were assessed by the Transwell assay after co-transfection (magnification,
100x). Histograms represent the mean+SD (n=3). ***p <0.001

Subsequently, miRNAs bind with the 3'-UTR of the target gene to reduce its protein level, thereby exerting a regula-
tory function. FBLN5 was discovered in this study to be the targeted gene of miR-27b-3p in thyroid cancer. In addition,
FBLNS5 expression was reduced by miR-27b-3p overexpression, suggesting that FBLN5 is the downstream target gene of
LINC00987 in thyroid cancer. FBLN5 expression was decreased in lung adenocarcinoma, cervical cancer, and prostate can-
cer [21, 31, 32]. FBLN5 overexpression reduces tumor angiogenesis, suppresses lung adenocarcinoma and ovarian cancer
progression, and has anti-tumor function [21, 33, 34]. In addition, FBLN5 acted as a target gene that can be regulated by
miRNAs, such as miR-552/370/27a-3pp, thereby exerting the function of an anti-oncogene in NSCLC, breast cancer, and
ovarian carcinoma [22, 35, 36]. Here, FBLN5 was found to be underexpressed in thyroid cancer, and its expression was
enhanced by LINC00987 overexpression. Furthermore, the knockdown of FBLN5 promoted the malignant progression
of thyroid cancer cells, reversing the effect of LINC00987. These results suggested that FBLN5 acts as a tumor suppressor
and was the downstream target gene of LINC00987 in thyroid cancer. LINCO1089 exerts a tumor suppressor effect by
up-regulating the level of FBLN5. Combined with the regulatory relationship between miR-27b-3 and FBLN5 and the
adsorption relationship between LINC01089 and miR-27b-3p, these results suggested that LINCO1089 upregulates the
expression of FBLN5 by adsorbing miR-27b-3p and exerts a tumor suppressor function in thyroid cancer.

However, this study had some limitations. First, the other target genes of miR-27b-3p need to be further explored. In
addition, the function of LINC01089 in thyroid cancer needs to be further verified at the animal level. Finally, because of
the small number of thyroid cancer patients that experience metastases and death, the relationship between LINC01089
expression and recurrence and death needs to be further investigated.

In conclusion, LINC01089 plays a tumor-suppressive role in malignant progression by inhibiting miR-27b-3p and
increasing FBLNS5 protein, confirming that LINC01089 has tremendous potential for use in the treatment of thyroid cancer.

Acknowledgements None.

Author contributions YP and KH contributed to the design of the work, experimented, analyzed the data, and drafted the manuscript. TC
experimented with and analyzed the data. JL contributed to the design of the work and revised the manuscript. All authors read and approved
the final manuscript.

Funding This work was supported by grants from the Guangzhou Science and Technology Plan Project (No.202102010120).

@ Springer



Discover Oncology (2022) 13:114 | https://doi.org/10.1007/512672-022-00580-4 Research

Data availability All data acquired during the study appear in the submitted article.

Declarations

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors report no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

20.

21.

Kim J, Gosnell JE, Roman SA. Geographic influences in the global rise of thyroid cancer. Nat Rev Endocrinol. 2020;16:17-29.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019;69:7-34.

Song E, Jeon MJ, Oh HS, Han M, Lee YM, Kim TY, Chung KW, Kim WB, Shong YK, Song DE, Kim WG. Do aggressive variants of papillary
thyroid carcinoma have worse clinical outcome than classic papillary thyroid carcinoma? Eur J Endocrinol. 2018;179:135-42.

Albano D, Panarotto MB, Durmo R, Rodella C, Bertagna F, Giubbini R. Clinical and prognostic role of detection timing of distant metastases
in patients with differentiated thyroid cancer. Endocrine. 2019;63:79-86.

Albano D, Bertagna F, Bonacina M, Durmo R, Cerudelli E, Gazzilli M, Panarotto MB, Formenti AM, Mazziotti G, Giustina A, Giubbini R. Pos-
sible delayed diagnosis and treatment of metastatic differentiated thyroid cancer by adopting the 2015 ATA guidelines. Eur J Endocrinol.
2018;179:143-51.

Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG,
Sherman S|, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 2015 American Thyroid Association Management Guidelines for adult patients
with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association guidelines task force on thyroid nodules and
differentiated thyroid cancer. Thyroid. 2016;26:1-133.

Ye M, Dong S, Hou H, Zhang T, Shen M. Oncogenic role of long noncoding RNAMALAT1 in thyroid cancer progression through regulation
of the miR-204/IGF2BP2/m6A-MYC signaling. Mol Ther Nucleic Acids. 2021;23:1-12.

Li Q Chen W, Luo R, Zhang Z, Song M, Chen W, Yang Z, Yang Y, Guo Z, Yang A. Upregulation of OIP5-AS1 predicts poor prognosis and
contributes to thyroid cancer cell proliferation and migration. Mol Ther Nucleic Acids. 2020;20:279-91.

Peng D, Li W, Zhang B, Liu X. Overexpression of IncRNA SLC26A4-AS1 inhibits papillary thyroid carcinoma progression through recruiting
ETS1 to promote ITPR1-mediated autophagy. J Cell Mol Med. 2021;25:8148-58.

. Jiang B, ChenYY, Xia F, Li X. PTCSC3-mediated glycolysis suppresses thyroid cancer progression via interfering with PGK1 degradation. J

Cell Mol Med. 2021;25:8454-63.
Li M, Guo X. LINC01089 blocks the proliferation and metastasis of colorectal cancer cells via regulating miR-27b-3p/HOXA10 Axis. Onco
Targets Ther. 2020;13:8251-60.

. YuanH, QinY, Zeng B, Feng Y, Li Y, Xiang T, Ren G. Long noncoding RNA LINC01089 predicts clinical prognosis and inhibits cell prolifera-

tion and invasion through the Wnt/B-catenin signaling pathway in breast cancer. Onco Targets Ther. 2019;12:4883-95.

. Zhang D, Cai X, Cai S, Chen W, Hu C. Long intergenic non-protein coding RNA 01089 weakens tumor proliferation, migration, and invasion

by sponging miR-3187-3p in non-small cell lung Cancer. Cancer Manage Res. 2020;12:12151-62.

. Sun J, Zheng X, Wang B, Cai Y, Zheng L, Hu L, Lu X, Xie S, Zhang X, Liu H, Ye L. LncRNA LIMT (LINC01089) contributes to sorafenib chem-

oresistance via regulation of miR-665 and epithelial to mesenchymal transition in hepatocellular carcinoma cells. Acta Biochim Biophys
Sin (Shanghai). 2022;54:261-70.

. Guo X, Li M. LINC01089 is a tumor-suppressive IncRNA in gastric cancer and it regulates miR-27a-3p/TET1 axis. Cancer Cell Int. 2020;20:507.
. Chen B, Liu D, Chen R, Guo L, Ran J. Elevated LINC00894 relieves the oncogenic properties of thyroid cancer cell by sponging let-7e-5p

to promote TIA-1 expression. Discov Oncol. 2022;13:56.

. YiD, Zhang D, Zeng Z, Zhang S, Li M, Zhang Y. MicroRNA-144-3p represses the growth and EMT of thyroid cancer via the E2F2/TNIK axis

in cells and male BALB/c nude mice. Endocrinology. 2022;163:bgac071.
Fontanil T, Mohamedi Y, Cobo T, Cal S, Obaya AJ. Novel associations within the tumor microenvironment: fibulins meet ADAMTSs. Front
Oncol. 2019;9:796.

. ZhengL, Yue X, Li M, Hu J, Zhang B, Zhang R, Zheng G, Chen R, Dong H. Contribution of FBLN5 to unstable plaques in carotid atheroscle-

rosis via mir128 and mir532-3p based on bioinformatics prediction and validation. Front Genet. 2022;13:821650.

MohamediY, Fontanil T, Solares L, Garcia-Suérez O, Garcia-Piqueras J, Vega JA, Cal S, Obaya AJ. Fibulin-5 downregulates Ki-67 and inhibits
proliferation and invasion of breast cancer cells. Int J Oncol. 2016;48:1447-56.

LiY, Yang X, Lu D. Knockdown of ubiquitin-conjugating enzyme E2T (UBE2T) suppresses lung adenocarcinoma progression via targeting
fibulin-5 (FBLN5). Bioengineered. 2022;13:11867-80.

@ Springer


http://creativecommons.org/licenses/by/4.0/

Research Discover Oncology (2022) 13:114 | https://doi.org/10.1007/s12672-022-00580-4

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34,

35.

36.

Huang M, Liao X, Li L, Li G, Chen M. MiR-552-3p facilitated cell proliferation, migration and invasion by sponging Fibulin 5 in non-small
cell lung cancer via activation of ERK/GSK3/B-catenin signaling pathway. Tissue Cell. 2021;73:101672.

Li JH, Liu S, Zhou H, Qu LH, Yang JH. starBase v2.0: decoding miRNA-ceRNA, miRNA-ncRNA and protein-RNA interaction networks from
large-scale CLIP-Seq data. Nucleic Acids Res. 2014;42:092-97.

Wong NW, Chen Y, Chen S, Wang X. OncomiR: an online resource for exploring pan-cancer microRNA dysregulation. Bioinformatics.
2018;34:713-5.

Bao CH, Guo L. miR-27b-3p inhibits invasion, migration and epithelial-mesenchymal transition in gastric cancer by targeting RUNX1 and
activation of the Hippo Signaling Pathway. Anticancer Agents Med Chem. 2021. https://doi.org/10.2174/1871520621666210707095833.
Han M, Li N, Li F, Wang H, Ma L. MiR-27b-3p exerts tumor suppressor effects in esophageal squamous cell carcinoma by targeting Nrf2.
Hum Cell. 2020;33:641-51.

LiuL,HuJ,YuT, You S, Zhang Y, Hu L. miR-27b-3p/MARCH7 regulates invasion and metastasis of endometrial cancer cells through Snail-
mediated pathway. Acta Biochim Biophys Sin (Shanghai). 2019;51:492-500.

Shen SJ, Song Y, Ren XY, Xu YL, Zhou YD, Liang ZY, Sun Q. MicroRNA-27b-3p promotes tumor progression and metastasis by inhibiting
peroxisome proliferator-activated receptor gamma in triple-negative breast cancer. Front Oncol. 2020;10:1371.

Yang X, Chen J, Liao Y, Huang L, Wen C, Lin M, LiW, Zhu Y, Wu X, lwamoto A, Wang Z, Liu H. MiR-27b-3p promotes migration and invasion
in colorectal cancer cells by targeting HOXA10. Biosci Rep. 2019;39:BSR20191087.

XuY, Han YF, Ye B, Zhang YL, Dong JD, Zhu SJ, Chen J. miR-27b-3p is involved in doxorubicin resistance of human anaplastic thyroid cancer
cells via targeting peroxisome proliferator-activated receptor gamma. Basic Clin Pharmacol Toxicol. 2018;123:670-7.

Li M, Tian X, Guo H, Xu X, Liu Y, Hao X, Fei H. A novel IncRNA-mRNA-miRNA signature predicts recurrence and disease-free survival in
cervical cancer. Braz J Med Biol Res. 2021;54: e11592.

Wilazlinski A, Engers R, Hoffmann MJ, Hader C, Jung V, Miiller M, Schulz WA. Downregulation of several fibulin genes in prostate cancer.
Prostate. 2007;67:1770-80.

Albig AR, Neil JR, Schiemann WP. Fibulins 3 and 5 antagonize tumor angiogenesis in vivo. Cancer Res. 2006;66:2621-9.

Heo JH, Song JY, Jeong JY, Kim G, Kim TH, Kang H, Kwon AY, An HJ. Fibulin-5 is a tumour suppressor inhibiting cell migration and invasion
in ovarian cancer. J Clin Pathol. 2016;69:109-16.

Mao J, Wang L, Wu J, Wang Y, Wen H, Zhu X, Wang B, Yang H. miR-370-3p as a novel biomarker promotes breast cancer progression by
targeting FBLNS5. Stem Cells Int. 2021;2021:4649890.

Li R, Wu H, Jiang H, Wang Q, Dou Z, Ma H, Yan S, Yuan C, Yang N, Kong B. FBLNS5 is targeted by microRNA-27a-3p and suppresses tumori-
genesis and progression in high-grade serous ovarian carcinoma. Oncol Rep. 2020;44:2143-51.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2174/1871520621666210707095833

	LINC01089 blocks malignant progression of thyroid cancer by binding miR-27b-3p to enhance the FBLN5 protein level
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Bioinformatic analyses
	2.2 Cell culture and transfection
	2.3 Reverse-transcription quantitative polymerase chain reaction (RT-qPCR)
	2.4 Cell proliferation, migration, and invasion assays
	2.5 Dual-luciferase reporter assay
	2.6 Western blot
	2.7 Argonaute2 (AGO2)-RNA immunoprecipitation (RIP) assays
	2.8 Statistical analyses

	3 Results
	3.1 LINC01089 downregulation was related to higher tumor size and the metastasis of regional lymph nodes in thyroid cancer
	3.2 LINC01089 inhibits cell proliferation and migration in thyroid cancer
	3.3 LINC01089 functions as a ceRNA for miR-27b-3p in thyroid cancer
	3.4 miR-27b-3p overexpression weakened the LINC01089 effect in thyroid cancer
	3.5 FBLN5 is a possible target of LINC01089miR-27b-3p
	3.6 FBLN5 silence reverses the LINC01089 effect in thyroid cancer

	4 Discussion
	Acknowledgements 
	References




