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Abstract
LINC00894 plays an important role in cancer cell proliferation and invasion in breast and kidney cancer. However, its role 
in thyroid cancer proliferation and metastasis remains unclear. In this study, data on LINC00894 expression in thyroid 
cancer tissues were obtained from GEPIA2. miRNA expression in thyroid cancer tissues was obtained from starBase 3.0 
and OncomiR. Cell proliferation was evaluated using CCK-8, and Transwell chambers were used for the migration and 
invasion assays. LINC00894 and let-7e-5p expressions in thyroid cancer cells were measured using qRT–PCR. Meanwhile, 
TIA-1 expression in thyroid cancer cells was analyzed via western blotting. We found that LINC00894 expression was mark-
edly reduced in thyroid cancer tissues and cells, and low expression of LINC00894 was associated with poor prognosis 
in thyroid cancer. LINC00894 overexpression inhibited the proliferation, migration, and invasion of CAL-62 and TPC-1 
cells. Additionally, let-7e-5p expression was substantially enhanced in CAL-62 and TPC-1 cells. LINC00894 overexpression 
promoted TIA-1 expression by acting as a sponge of let-7e-5p. Finally, let-7e-5p weakened the function of LINC00894 in 
thyroid cancer cells via reduction in TIA-1 levels. In conclusion, our data suggest that increased LINC00894 expression 
reduces the oncogenic properties of thyroid cancer cells by sponging let-7e-5p to promote TIA-1 expression.
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1  Introduction

In 2020, thyroid cancer was ranked ninth among all cancer types in terms of incidence (accounting for 3‒4% of all cancer 
cases), imposing a heavy burden on the healthcare system [1, 2]. Thyroid cancer has been categorized into several types, 
with papillary, follicular, and anaplastic thyroid cancers being the most common. Overall, the 5-year survival rates for 
patients with thyroid cancer is satisfactory (approximately 98%) [3]. However, the 5-year survival rate is poor in certain 
types of thyroid cancers, particularly anaplastic thyroid cancer (approximately 5%) [3]. Currently, thyroidectomy and 
radioactive iodine treatment are the conventional therapies for thyroid cancer [4]; however, certain types of thyroid 
cancer are inherently insensitive to these treatment modalities [5]. Hence, there is a need to confirm the pathogenesis 
of thyroid cancer to confirm novel therapeutic targets.

Long noncoding RNAs (lncRNAs) play a key regulatory role in the initiation and progression of thyroid cancer. lncRNAs 
act as diagnostic and prognostic biomarkers and may also function as tumor suppressors or promoters in thyroid cancer 
[6–8]. The long intergenic non-protein-coding RNA 894 (LINC00894) is an lncRNA that was found to be upregulated in 
kidney cancer and correlated with overall survival and immune infiltration [9, 10]. Additionally, LINC00894 was markedly 
increased in breast cancer, promoting cell proliferation and invasion [11]. Conversely, another study found that LINC00894 
was strongly reduced in breast cancer cells, a phenomenon that contributed to the development of tamoxifen resistance 
[12]. Taken together, these studies suggest that LINC00894 plays a key regulatory role in the proliferation and drug resist-
ance of cancer; however, the functions differ depending on the tumor type. Hence, the functional effect of LINC00894 
in the occurrence and progression of thyroid cancer remains unclear.

lncRNAs play a regulatory role in tumors by functioning as miRNA sponges to competitively regulate the miRNA-
targeted genes, also known as the competing endogenous RNA (ceRNA) mechanism. In thyroid cancer, AFAP1-AS1, 
TNRC6C-AS1, and LINC00284 regulate cancer occurrence and progression by sponging miR-204-3p, miR-513c-5p, and 
miR-30d-5p, respectively [13–15]. LINC00894 can sponge miR-429 to promote the progression of breast cancer [11]. To 
date, whether LINC00894 and miRNA sequestration affect the proliferation and metastasis in thyroid cancer remains 
unclear.

This study aimed to assess whether the functional effect of LINC00894 on the proliferation, migration, and invasion of 
thyroid cancer cells involves miRNA sponging. We first analyzed the expression of LINC00894 in the thyroid gland and its 
role in cancer diagnosis and prognosis using The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression (GTEx) 
databases. Next, we investigated the effect of LINC00894 on thyroid cancer cell proliferation, migration, and invasion. 
Finally, whether the function of LINC00894 in thyroid cancer is mediated via miRNA sponging was confirmed. This study 
may provide a novel target for the effective treatment of thyroid cancer.

2 � Materials and methods

2.1 � Cell culture and transfections

The thyroid follicular epithelial cell line Nthy-ori 3 − 1, anaplastic thyroid cancer line CAL-62 [include CREBBP 
(p.Glu1541Ter), EP300 (p.Asp1485fs), KRAS (p.Gly12Arg), NF2 (p.Glu215Ter), and TP53 (p.Ala161Asp) mutations], and 
papillary thyroid cancer lines TPC-1 [include CCDC6-RET fusion, CDKN2A (p.Ala68fs), STAG2 (p.Gln1089Ter), and TERT 
(c.1–124 C > T) mutations] and B-CPAP [include BRAF (p.Val600Glu), TERT (c.1–124 C > T), and TP53 (p.Asp259Tyr) muta-
tions] were purchased from ZQXZ bio (Shanghai, China). CAL-62 cells were cultured in high-glucose Dulbecco’s modified 
Eagle medium (DMEM; ZQXZ bio), and TPC-1 and B-CPAP cells were cultured in Roswell Park Memorial Institute 1640 
medium (ZQXZ bio.) supplemented with 10% fetal bovine serum at 37 °C in a humidified atmosphere containing 5% 
CO2. LINC00894 was chemically synthesized and cloned into pcDNA 3.1 to create a LINC00894 overexpression recombi-
nant plasmid (LINC00894-OE group). Empty pcDNA 3.1 vector was used as a negative control (EP-OE group). Let-7e-5p 
mimic (let-7e-5p mimic group) and negative control mimic (NC mimic group) were purchased from Ribobio (Guangzhou, 
China). Next, NC-OE, LINC00894-OE, LINC00894-OE and NC mimics as well as LINC00894-OE and let-7e-5p mimics were 
separately transfected into CAL-62 and TPC-1 cells using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA). At 
24 h post transfection, the transfected cells were used for further experiments.
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2.2 � Cell proliferation, migration, and invasion assay

The proliferation of CAL-62 and TPC-1 cells was measured using Cell Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) 
at 450 nm [16] 24, 48, and 72 h post transfection. Transwell chambers (8 μm pore-size; Corning Costar, Cambridge, MA) 
were used for the migration and invasion assays [16]. For the cell invasion assay, the chambers were first coated with 0.1 
mL of Matrigel for 1 h at 37 °C. For the cell migration assay, the chambers did not need to be coated. The transfected cells 
were seeded in the upper chamber of the well. After 24 h of incubation, the migratory and invading cells on the lower 
surface of the insert membrane were stained with 0.1% crystal violet. The stained cells were then photographed in three 
randomly chosen visual fields and counted. Three replicates were performed for each group in the assay.

2.3 � Quantitative reverse transcription polymerase chain reaction (qRT–PCR)

Total RNA was isolated from TPC-1 and CAL-62 cells using TRIzol reagent (Invitrogen). RNA was reverse transcribed into 
cDNA using PrimeScript RT reagent kit (TAKARA, Japan), and qRT–PCR was performed using AceQ qPCR SYBR Green 
Master Mix (Vazyme) according to the manufacturer’s instructions. mRNA expression levels were quantified using the 
2−ΔΔCt method [17]. β-actin and U6 served as internal controls for the normalization of LINC00894 and let-7e-5p, respec-
tively. The following forward and reverse primer sequences were used: LINC00894: 5′-CCA​AAT​CTG​ACA​CAC​CAT​AGC-3′ 
and 5′-GAA​CAC​AGC​ATG​CAG​GTA​AT-3′; β-actin: 5′-TGG​ATC​AGC​AAG​CAG​GAG​TA-3′ and 5′-TCG​GCC​ACA​TTG​TGA​ACT​TT-3′; 
let-7e-5p: 5′- ACA​CTC​CAG​CTG​GGT​GAG​GTA​GGA​GGT​TGT​AT-3′ and 5′-CTC​AAC​TGG​TGT​CGT​GGA​-3′; U6: 5′- CTC​GCT​TCG​GCA​
GCACA-3′ and 5′-AAC​GCT​TCA​CGA​ATT​TGC​GT-3′.

2.4 � Luciferase reporter and AGO2‑RNA immunoprecipitation (RIP) assays

The lncLocator web tool was used to predict the subcellular localization of LINC00894. starBase 3.0 and RNAInter data-
bases were used to identify potential miRNA-LINC00894 interactions [18, 19], whereas TargetScan, starBase 3.0, and 
RNAInter databases were used to identify potential let-7e-5p-mRNA interactions [18–20]. After the analysis, wild-type 
LINC00894 and the 3′-UTR of cytotoxic granule-associated RNA-binding protein (TIA-1; WT-LINC00894 and WT-TIA-1, 
respectively) and mutated LINC00894 and TIA-1 (Mut-LINC00894 and Mut-TIA-1, respectively) were cloned into psi-
CHECK2 vectors and cotransfected into 293T cells using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA) along with 
let-7e-5p mimic or NC mimic. Finally, the ratio of Renilla-to-firefly luciferase activity was evaluated using the Dual-Lucif-
erase Reporter Assay System (Promega) 24 h after transfection. AGO2-RIP assay was performed using EZ-Magna RIP RNA-
Binding Protein Immunoprecipitation Kit (Merck Millipore, Bedford, MA, USA) following the manufacturer’s instructions. 
In addition, LINC00894 and let-7e-5p expression was measured by qRT–PCR.

2.5 � Western blotting

Proteins were extracted using radioimmunoprecipitation assay buffer (Beyotime, Shanghai, China) and separated by 10% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The separated proteins were transferred onto polyvinylidene 
fluoride membranes (Millipore, MA, USA), which were subsequently incubated with the following primary antibodies at 
37 °C for 2 h: anti-TIA-1 (Abcam, ab263945; 1:1000) and anti-GAPDH (Abcam, ab181602; 1:10,000). The membranes were 
then incubated with appropriate horseradish peroxidase‒conjugated secondary antibodies (Abcam, ab205718, 1:50,000) 
at 25 ℃ for 1 h. Target proteins were visualized using a chemiluminescence substrate (Keygentec, Jiangsu, China), and 
the chemiluminescence signal was detected via exposure to X-ray film.

2.6 � Statistical analysis

LINC00894 and TIA-1 expressions were obtained from the Gene Expression Profiling Interactive Analysis 2 (GEPIA2) data-
base, a web-based tool based on TCGA and GTEx databases [21]. miRNA expression was obtained from starBase 3.0 and 
OncomiR databases [18, 22]. Survival analysis was conducted using Kaplan–Meier plotter database [23]. The diagnostic 
value of LINC00894 in thyroid cancer was assessed using receiver operating characteristic (ROC) analysis. Normally 
distributed data (three replicates) in this study are presented as the mean ± standard deviation. Multiple groups were 
compared using one-way analysis of variance followed by Tukey’s post hoc test. Significance was set at p < 0.05.
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3 � Results

3.1 � LINC00894 expression is reduced in thyroid cancer

To study LINC00894 expression and its clinical function in thyroid carcinoma, we analyzed its expression profiles in various 
cancer tissues using GEPIA2. The results revealed that LINC00894 expression was significantly downregulated in many 
types of cancer, including thyroid cancer (Fig. 1A and B). LINC00894 expression was significantly downregulated in fol-
licular thyroid cancer and papillary thyroid cancer tissues compared with normal tissues (Fig. 1B). LINC00894 expression 
had no significantly changed between follicular thyroid cancer, papillary thyroid cancer, and other thyroid cancer (Fig. 1B). 
In addition, Kaplan–Meier survival analysis showed that low expression of LINC00894 was associated with poor survival 

Fig. 1   LINC00894 expression is reduced in thyroid cancer. A LINC00894 expression in cancer tissues was analyzed using GEPIA2. The green 
color indicates low LINC00894 expression in cancer. T: tumor tissue; N: normal tissue. B  LINC00894 expression in thyroid cancer tissues 
(n = 512) include follicular thyroid cancer (n = 106), papillary thyroid cancer (n = 397), and other thyroid cancer (n = 9) and normal tissues 
(n = 712) was analyzed. C The prognostic value of LINC00894 was determined using the Kaplan–Meier plotter. D LINC00894 expression in 
thyroid cancer cell lines (CAL-62, TPC-1, and B-CPAP) and in a nontumorigenic thyroid cell line (Nthy-ori 3-1) was analyzed using quantitative 
reverse transcription polymerase chain reaction (qRT–PCR). *p < 0.05
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in patients with thyroid cancer (Fig. 1C). Furthermore, LINC00894 expression in thyroid cancer cell lines (CAL-62, TPC-1, 
and B-CPAP) was significantly lower than that in normal thyroid cell lines (Nthy-ori-3-1; Fig. 1D).

3.2 � LINC00894 overexpression inhibits the biological behavior of thyroid cancer cells

To elucidate effect of LINC00894 expression on thyroid cancer cells, LINC00894-OE was transfected into CAL-62 and TPC-1 
cells. Next, LINC00894 overexpression in CAL-62 and TPC-1 cells was verified, and it was found that LINC00894 expression 
was significantly increased in the LINC00894-OE group (Fig. 2A). Compared with those in the EP-OE group, the prolifera-
tion, migration, and invasion of CAL-62 and TPC-1 cells was significantly inhibited in the LINC00894-OE group (Fig. 2B, C).

3.3 � LINC00894 regulates TIA‑1 expression by acting as a sponge of let‑7e‑5p

LINC00894 expression was primarily localized in the cytoplasm as revealed by the analysis using the lncLocator web-
site, suggesting that LINC00894 primarily functions by adsorbing miRNA. StarBase 3.0, RNAInter, and oncomiR analysis 
revealed three potential miRNAs (miR-424-5p, miR-15a-5p, and let-7e-5p) sponged by LINC00894 (Fig. 3A). As LINC00894 
was found to be expressed at a low level, miRNAs that were expressed at high levels may be potential target genes of 
LINC00894 in thyroid cancer. Among the three miRNAs, let-7e-5p was significantly upregulated in thyroid cancer. In 
addition, a high level of let-7e-5p was correlated with poor prognosis in thyroid cancer according to starBase 3.0 and 
Kaplan–Meier survival analyses (Fig. 3B, C), suggesting that let-7e-5p is the main miRNA adsorbed by LINC00894 in thy-
roid cancer. Therefore, let-7e-5p was chosen as the potential target gene of LINC00894. The binding and mutational sites 
of LINC00894 which bound with let-7e-5p are shown in Fig. 3D. Ago-RIP analysis showed that LINC00894 and let-7e-5p 
expression was more abundant in the anti-AGO2 antibodies group than in the anti-IgG group, suggesting that LINC00894 
binds to let-7e-5p via AGO2 (Fig. 3E). Compared to that in the WT-LINC00894 + NC mimic group, the Renilla-to-firefly 

Fig. 2   LINC00894 overexpression reduced the biological behavior of CAL-62 and TPC-1 cells. A LINC00894 expression was determined by 
qRT–PCR in thyroid cancer 24 h after transfection. B and C The proliferation (B) and migration and invasion (C, magnification ×100) of CAL-
62 and TPC-1 cells were evaluated using the CCK-8 Kit and Transwell chambers, respectively, 24 h after transfection. *p < 0.05
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luciferase activity in the WT-LINC00894 + let-7e-5p mimic group was reduced but was not significantly different between 
the Mut-LINC00894 + NC and Mut-LINC00894 + let-7e-5p mimic groups, indicating that LINC00894 can bind to let-7e-5p 
(Fig. 3F). Moreover, let-7e-5p was highly expressed in thyroid cancer cells, which is consistent with its expression in thyroid 

Fig. 3   LINC00894 acts as a sponge of let-7e-5p. A Three potential miRNAs bound by LINC00894 were identified using oncomiR, starBase 3.0, 
and RNAInter. B let-7e-5p expression was analyzed using StarBase 3.0. C The prognostic value of let-7e-5p in thyroid cancer was analyzed 
using Kaplan–Meier plotter. D The binding and mutational sites of LINC00894 that bound with let-7e-5p are shown. E Ago-RIP analysis con-
firmed the interaction between let-7e-5p and LINC00894. F Luciferase reporter gene assay confirmed targeted binding between let-7e-5p 
and LINC00894. G Let-7e-5p expression in thyroid cancer cell lines (CAL-62, TPC-1, and B-CPAP) and in a nontumorigenic thyroid cell line 
(Nthy-ori 3-1) was analyzed by qRT–PCR. H let-7e-5p expression in CAL-62 and TPC-1 cells was analyzed by qRT–PCR 24 h post transfection. 
*p < 0.05
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cancer tissues (Fig. 3G). Additionally, it was demonstrated that LINC00894 overexpression did not affect let-7e-5p expres-
sion (Fig. 3H). These results show that LINC00894 only adsorbs let-7e-5p without affecting its expression.

Additional potential target genes regulated by let-7e-5p were investigated using starBase 3.0, TargetScan 8.0, and 
RNAInter, and those which had a significantly positive correlation with LINC00894 expression in thyroid cancer were 
analyzed using GEPIA2. TIA-1 was identified at the intersection of the four groups (Fig. 4A). TIA-1 was significantly down-
regulated in thyroid cancer include follicular thyroid cancer and papillary thyroid cancer and this low TIA1expression 
was related to poor prognosis according to GEPIA2 and Kaplan–Meier survival analyses (Fig. 4B, C). TIA-1 expression had 
no significantly changed between follicular thyroid cancer, papillary thyroid cancer, and other thyroid cancer (Fig. 4B). 
These results indicate that TIA-1 and LINC00894 expressions are significantly related and that TIA-1 is a potential target 
gene for let-7e-5p in thyroid cancer. The binding sites of let-7e-5p and TIA-1 are shown in Fig. 4D. The luciferase assay 
showed that luciferase activity was significantly decreased in the WT-TIA-1 + let-7e-5p mimic group compared with 
that in the WT-TIA-1 + NC mimic group but was not significantly different between the Mut-TIA-1 + NC mimic and Mut-
TIA-1 + let-7e-5p mimic groups, indicating that the 3′-UTR of TIA-1 can bind to let-7e-5p (Fig. 4E). Moreover, overexpres-
sion of LINC00894 promoted TIA-1 expression (Fig. 4F). These results indicate that LINC00894 and TIA-1 3-UTR have a 
ceRNA regulatory relationship by binding the same let-7e-5p and that LINC00894 increases TIA-1 protein expression by 
sponging let-7e-5p in thyroid cancer cells.

Fig. 4   TIA-1 is the gene target of let-7e-5p. A Potential target genes bound by let-7e-5p were identified using starBase 3.0, TargetScan 8.0, 
and GEPIA2. B TIA-1 expression in thyroid cancer tissues (n = 512) include follicular thyroid cancer (n = 106), papillary thyroid cancer (n = 397), 
and other thyroid cancer (n = 9) and normal tissues (n = 712) was investigated. C The prognostic value of TIA-1 in thyroid cancer was ana-
lyzed using Kaplan–Meier plotter. D The binding sites between let-7e-5p and the 3′-UTR of TIA-1 are shown. E The binding between let-
7e-5p and the 3′-UTR of TIA-1 was determined using a luciferase assay. F TIA-1 expression in CAL-62 and TPC-1 cells was analyzed by western 
blotting 24 h after transfection. *p < 0.05
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3.4 � Let‑7e‑5p weakens LINC00894 function by reducing TIA‑1 expression

To further confirm that let-7e-5p is the downstream functional gene of LINC00894, we cotransfected LINC00894-OE and 
let-7e-5p mimic and analyzed whether let-7e-5p could weaken the function of LINC00894. Compared with that in the 
LINC00894-OE + NC mimic group, the expression of let-7e-5p and TIA-1 was significantly increased, whereas LINC00894 
expression did not significantly change let-7e-5p expression (Fig. 5A–C). Moreover, our results demonstrated that the 
proliferation, migration, and invasion of CAL-62 and TPC-1 cells was significantly reduced in the LINC00894-OV + let-7e-5p 
group compared to that in the LINC00894-OE + NC mimic group (Fig. 6A and B).

4 � Discussion

LncRNAs serve as potential biomarkers for diagnosis and prognosis and as targets for treatment in thyroid cancer [6, 24]. 
In this study, LINC00894 was significantly downregulated in different cancers, including thyroid cancer, indicating its 
potential roles as a putative tumor suppressor. Additionally, LINC00894 was found to accurately predict thyroid cancer 

Fig. 5   let-7e-5p overexpression results in the reduction of TIA-1 levels but does not affect LINC00894 expression. A, B let-7e-5p (A) and 
LINC00894 (B) expression was analyzed by qRT–PCR in thyroid cancer cells 24 h after cotransfection. C TIA-1 levels in CAL-62 and TPC-1 cells 
were analyzed by western blotting 24 h after cotransfection. *p < 0.05
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prognosis. Finally, LINC00894 inhibited thyroid cancer cell proliferation, migration, invasion by acting as a sponge of 
let-7e-5p to promote TIA-1 expression. Hence, we discovered a novel mechanism regulating the proliferation, migration, 
and invasion of thyroid cancer cells.

Previous studies have shown that LINC00894 plays various roles in different tumors. In breast and renal cancers, 
LINC00894 was upregulated, a phenomenon that was correlated with overall survival and promoted cell proliferation 
and invasion, suggesting that it could function as an oncogene [9–11]. In contrast, LINC00894 contributed to reversing 
tamoxifen resistance in breast cancer [12]. In this study, LINC00894 was significantly downregulated in thyroid cancer 
tissues and cells, and its overexpression resulted in inhibition of cell proliferation, migration, and invasion. This study 
reveals a novel function of LINC00894 as an antioncogene to inhibit tumor cell proliferation, migration, and invasion in 
thyroid cancer.

According to the ceRNA hypothesis, lncRNAs compete with 3′-UTR of mRNAs by binding with miRNAs, thereby regu-
lating the translation of mRNA into protein and playing a key role in tumorigenesis. In this study, LINC00894 bound with 
let-7e-5p. In addition, we found let-7e-5p overexpression did not affect LINC00894 expression and vice versa, demonstrat-
ing that LINC00894 and let-7e-5p only bind to each other but do not affect their respective expression. Previous studies 
have demonstrated that let-7e-5p was significantly downregulated and let-7e-5p inhibited tumorigenesis and aggressive 
behavior in head and neck squamous cell carcinoma and non-small cell lung cancer [25, 26]. Conversely, let-7e-5p was 
significantly upregulated in young patients with oral cavity cancer, colorectal cancer, and rectal carcinoma with liver 
metastases and promoted the tumorigenesis and aggressive behavior of cancer cells [27–29]. Similarly, let-7e-5p was 
overexpressed in thyroid cancer cells, and a high level of let-7e-5p was correlated with poor prognosis. Additionally, let-
7e-5p overexpression weakened the function but did not affect the expression of LINC00894. This study demonstrates 

Fig. 6   let-7e-5p overexpression promotes the biological behavior of LINC00894-OE–transfected CAL-62 and TPC-1 cells. A Cell proliferation 
was quantified using the CCK-8 kit 24 h after cotransfection. B Migration and invasion were determined using Transwell chambers 24 h post 
transfection (magnification × 100). *p < 0.05
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that let-7e-5p promotes tumorigenesis and aggressive behavior in thyroid cancer and LINC00894 inhibits the progression 
of thyroid cancer via adsorption of let-7e-5p. TIA-1 is an RNA-binding protein that was found to be a relatively new tumor 
suppressor in patients with lung squamous cell carcinoma [30]. Loss of TIA-1 expression promoted the tumorigenesis 
and aggressive behavior of pancreatic cancer cells [31]. TIA-1 levels were reduced by miR-19a and miR-487a in breast 
and gastric cancers, respectively, thereby promoting cell migration and invasion [32, 33]. This study demonstrated that 
TIA-1 protein expression increased upon LINC00894 overexpression but was inhibited by let-7e-5p overexpression. 
Additionally, let-7e-5p can bind to the 3′-UTR of TIA-1. These results suggest that LINC00984 and the 3′-UTR of TIA-1 have 
a ceRNA regulatory relationship by binding let-7e-5p and LINC00894 increases the level of TIA-1 by sponging let-7e-5p.

Despite these findings, this study has limitations. First, we did not collect any clinical specimens to further verify 
LINC00894 expression in thyroid cancer tissues and to validate whether LINC00894 can be used as a diagnostic and 
prognostic marker. Second, we did not perform in vivo experiments to verify the effect of the LINC00894/let-7e-5p/TIA-1 
pathway on the growth and metastasis of thyroid cancer.

5 � Conclusion

LINC00894 was downregulated in thyroid cancer tissues and inhibited the cancer cell proliferation, migration, and inva-
sion by acting as a sponge of let-7e-5p to regulate TIA-1 protein levels (Fig. 7). These data suggest that LINC00894 acts 
as an antioncogene and may be a novel therapeutic target for thyroid cancer.
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resulting in fewer let-7e-5p 
bound to TIA-1 3’-UTR and 
increased TIA-1 expression



Vol.:(0123456789)

Discover Oncology           (2022) 13:56  | https://doi.org/10.1007/s12672-022-00520-2	 Research

1 3

Funding  None.

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

Declarations 

Ethics approval and consent to particpate  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

	 1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global cancer statistics 2020: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71:209–49.

	 2.	 Cheng F, Xiao J, Shao C, Huang F, Wang L, Ju Y, Jia H. Burden of thyroid cancer from 1990 to 2019 and projections of incidence and mortal-
ity until 2039 in China: findings from global burden of disease study. Front Endocrinol (Lausanne). 2021;12:738213.

	 3.	 Hoang JK, Nguyen XV, Davies L. Overdiagnosis of thyroid cancer: answers to five key questions. Acad Radiol. 2015;22:1024–9.
	 4.	 Ming J, Zhu JQ, Zhang H, Sun H, Wang J, Cheng RC, Xie L, Li XR, Tian W, Huang T. A multicenter, prospective study to observe the initial 

management of patients with differentiated thyroid cancer in China (DTCC study). BMC Endocr Disord. 2021;21:208.
	 5.	 Pstrąg N, Ziemnicka K, Bluyssen H, Wesoły J. Thyroid cancers of follicular origin in a genomic light: in-depth overview of common and 

unique molecular marker candidates. Mol Cancer. 2018;17:116.
	 6.	 Zhao H, De Souza C, Kumar VE, Nambiar R, Hao D, Zhu X, Luo Y, Liu S, Zhang L, Zhu J. Long non-coding RNA signatures as predictors of 

prognosis in thyroid cancer: a narrative review. Ann Transl Med. 2021;9:359.
	 7.	 Cao J, Zhang M, Zhang L, Lou J, Zhou F, Fang M. Non-coding RNA in thyroid cancer—functions and mechanisms. Cancer Lett. 

2021;496:117–26.
	 8.	 Peng X, Zhang K, Ma L, Xu J, Chang W. The role of long non-coding RNAs in thyroid cancer. Front Oncol. 2020;10:941.
	 9.	 Deng L, Wang P, Qu Z, Liu N. The construction and analysis of ceRNA Network and immune infiltration in kidney renal clear cell carcinoma. 

Front Genet. 2021;12:667610.
	10.	 Zhou Q, Li D, Zheng H, He Z, Qian F, Wu X, Yin Z, Bao PT, Jin M. A novel lncRNA-miRNA-mRNA competing endogenous RNA regulatory 

network in lung adenocarcinoma and kidney renal papillary cell carcinoma. Thorac Cancer. 2021;12:2526–36.
	11.	 Meng DF, Shao H, Feng CB. LINC00894 enhances the progression of breast cancer by sponging miR-429 to regulate ZEB1 expression. 

Onco Targets Ther. 2021;14:3395–407.
	12.	 Zhang X, Wang M, Sun H, Zhu T, Wang X. Downregulation of LINC00894-002 contributes to tamoxifen resistance by enhancing the TGF-β 

signaling pathway. Biochemistry (Mosc). 2018;83:603–11.
	13.	 Hu C, Kang Z, Guo L, Qu F, Qu R. The role of LINC00284 in the development of thyroid cancer via its regulation of the microRNA-30d-5p-

mediated ADAM12/Notch Axis. Front Oncol. 2021;11:643039.
	14.	 Tong C, Wang C, Wang Y, Xiao X. TNRC6C-AS1 promotes thyroid cancer progression by upregulating LPAR5 via miR-513c-5p. Cancer Manag 

Res. 2021;13:6141–55.
	15.	 Ma H, Shi Q, Fang J, Wang R, Zhao J, Lin S, Dong J, Zhang Y, Shen X, Chen J, Zhong Q. Long non-coding RNA AFAP1-AS1 promotes thyroid 

cancer progression by sponging miR-204-3p and upregulating DUSP4. J Biochem. 2021;171:131–40.
	16.	 Lv P, Xue Y. ETS like-1 protein ELK1-induced lncRNA LINC01638 accelerates the progression of papillary thyroid cancer by regulating Axin2 

through Wnt/β-catenin signaling pathway. Bioengineered. 2021;12:3873–85.
	17.	 Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. 

Methods. 2001;25:402–8.
	18.	 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:D92-7.
	19.	 Kang J, Tang Q, He J, Li L, Yang N, Yu S, Wang M, Zhang Y, Lin J, Cui T, Hu Y, Tan P, Cheng J, Zheng H, Wang D, Su X, Chen W, Huang Y. 

RNAInter v4.0: RNA interactome repository with redefined confidence scoring system and improved accessibility. Nucleic Acids Res. 
2021;50:D326–32.

	20.	 McGeary SE, Lin KS, Shi CY, Pham TM, Bisaria N, Kelley GM, Bartel DP. The biochemical basis of microRNA targeting efficacy. Science. 
2019;366:eaav1741.

	21.	 Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced web server for large-scale expression profiling and interactive analysis. Nucleic 
Acids Res. 2019;47:W556-w560.

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


Vol:.(1234567890)

Research	 Discover Oncology           (2022) 13:56  | https://doi.org/10.1007/s12672-022-00520-2

1 3

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

	23.	 Győrffy B. Survival analysis across the entire transcriptome identifies biomarkers with the highest prognostic power in breast cancer. 
Comput Struct Biotechnol J. 2021;19:4101–9.

	24.	 Zhu J, Liu C, Wang D, Cao X, Wang S, Liu Y, Wang J, Li P, He Q. The emerging landscapes of long noncoding RNA in thyroid carcinoma: 
biological functions and clinical significance. Front Oncol. 2021;11:706011.

	25.	 Wang S, Jin S, Liu MD, Pang P, Wu H, Qi ZZ, Liu FY, Sun CF. Hsa-let-7e-5p inhibits the proliferation and metastasis of head and neck squa-
mous cell carcinoma cells by targeting chemokine receptor 7. J Cancer. 2019;10:1941–8.

	26.	 Kumar S, Sharawat SK, Ali A, Gaur V, Malik PS, Kumar S, Mohan A, Guleria R. Identification of differentially expressed circulating serum 
microRNA for the diagnosis and prognosis of Indian non-small cell lung cancer patients. Curr Probl Cancer. 2020;44:100540.

	27.	 Chen W, Lin G, Yao Y, Chen J, Shui H, Yang Q, Wang X, Weng X, Sun L, Chen F, Yang S, Yang Y, Zhou Y. MicroRNA hsa-let-7e-5p as a potential 
prognosis marker for rectal carcinoma with liver metastases. Oncol Lett. 2018;15:6913–24.

	28.	 Hilly O, Pillar N, Stern S, Strenov Y, Bachar G, Shomron N, Shpitzer T. Distinctive pattern of let-7 family microRNAs in aggressive carcinoma 
of the oral tongue in young patients. Oncol Lett. 2016;12:1729–36.

	29.	 Silva CMS, Barros-Filho MC, Wong DVT, Mello JBH, Nobre LMS, Wanderley CWS, Lucetti LT, Muniz HA, Paiva IKD, Kuasne H, Ferreira DPP, 
Cunha M, Hirth CG, Silva PGB, Sant’Ana RO, Souza M, Quetz JS, Rogatto SR, Lima-Junior RCP. Circulating let-7e-5p, miR-106a-5p, miR-28-3p, 
and miR-542-5p as a promising microRNA signature for the detection of colorectal cancer. Cancers (Basel). 2021;13:1493.

	30.	 Sánchez-Jiménez C, Ludeña MD, Izquierdo JM. T-cell intracellular antigens function as tumor suppressor genes. Cell Death Dis. 
2015;6:e1669.

	31.	 Li L, Chen H, Gao Y, Wang YW, Zhang GQ, Pan SH, Ji L, Kong R, Wang G, Jai YH, Bai XW, Sun B. Long Noncoding RNA MALAT1 promotes 
aggressive pancreatic cancer proliferation and metastasis via the stimulation of autophagy. Mol Cancer Ther. 2016;15:2232–43.

	32.	 Liu Y, Liu R, Yang F, Cheng R, Chen X, Cui S, Gu Y, Sun W, You C, Liu Z, Sun F, Wang Y, Fu Z, Ye C, Zhang C, Li J, Chen X. miR-19a promotes 
colorectal cancer proliferation and migration by targeting TIA1. Mol Cancer. 2017;16:53.

	33.	 Yang X, Cai S, Shu Y, Deng X, Zhang Y, He N, Wan L, Chen X, Qu Y, Yu S. Exosomal miR-487a derived from m2 macrophage promotes the 
progression of gastric cancer. Cell Cycle. 2021;20:434–44.

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


	Elevated LINC00894 relieves the oncogenic properties of thyroid cancer cell by sponging let-7e-5p to promote TIA-1 expression
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and transfections
	2.2 Cell proliferation, migration, and invasion assay
	2.3 Quantitative reverse transcription polymerase chain reaction (qRT–PCR)
	2.4 Luciferase reporter and AGO2-RNA immunoprecipitation (RIP) assays
	2.5 Western blotting
	2.6 Statistical analysis

	3 Results
	3.1 LINC00894 expression is reduced in thyroid cancer
	3.2 LINC00894 overexpression inhibits the biological behavior of thyroid cancer cells
	3.3 LINC00894 regulates TIA-1 expression by acting as a sponge of let-7e-5p
	3.4 Let-7e-5p weakens LINC00894 function by reducing TIA-1 expression

	4 Discussion
	5 Conclusion
	Acknowledgements 
	References




