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Abstract
Background  lncRNAs are key regulators in thyroid cancer (TC). While lncRNA ACVR2B-AS1 has been proposed as a poten-
tial TC biomarker, its role remains underexplored. This study aims to clarify its clinical significance in TC and investigate 
its molecular mechanism.
Materials and methods  qRT-PCR was used to assess the expression of ACVR2B-AS1 in TC tissues and cell lines. Kaplan–
Meier survival curves and Cox regression were utilized to assess the prognostic value of ACVR2B-AS1 expression. The 
interaction between ACVR2B-AS1 and miR-195-5p, as well as their effects on cell viability, migration, and invasion, were 
evaluated using dual-luciferase reporter assays, CCK-8 assays, and Transwell assays.
Results  ACVR2B-AS1 was significantly upregulated in TC tissues and cell lines, and its expression correlated with TNM 
stage and lymph node metastasis. Elevated ACVR2B-AS1 levels were associated with poor survival outcomes, and it was 
identified as an independent risk factor for TC progression. A direct regulatory relationship was established between 
ACVR2B-AS1 and miR-195-5p, with ACVR2B-AS1 negatively regulating miR-195-5p, thereby promoting TC cell prolifera-
tion, migration, and invasion. FGF2 was predicted and validated as a target gene of miR-195-5p.
Conclusion  lncRNA ACVR2B-AS1 shows potential as a prognostic marker in TC and may regulate tumor progression 
through the miR-195-5p/FGF2 axis, offering new insights for TC diagnosis and treatment.
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1  Introduction

In recent years, the incidence of thyroid cancer (TC) diagnoses has been steadily increasing, making it one of the 
most prevalent endocrine malignancies [1]. The etiology of TC is complex, with potential links to prolonged chemi-
cal exposure, poor diets, and unfavorable environmental factors [2]. Current treatments include targeted therapies, 
surgical, chemotherapy, radiotherapy, thyroid hormone suppression, and radioactive iodine [3]. However, many 
patients still face recurrence, metastasis, and treatment resistance [4]. Thus, understanding the molecular mecha-
nisms underlying TC and identifying novel prognostic markers and therapeutic targets are essential for improving 
patient outcomes and quality of life [5].

Long non-coding RNAs (lncRNAs), which do not code for proteins, play crucial roles in various biological processes 
including regulating gene expression, modifying chromatin structure, RNA splicing, and translation [6, 7]. lncRNAs 
have gained significant attention in cancer research due to their involvement in the progression of various malignan-
cies [7]. ACVR2B-AS1, located at 3p22.2, is a recently identified lncRNA in oncology [8] which piqued our interest. In 
hepatocellular carcinoma, elevated ACVR2B-AS1 expression has been reported as an independent predictor of poor 
prognosis, affecting both overall survival and recurrence-free survival [9]. While ACVR2B-AS1 has been identified as 
a tumor-associated factor in thyroid cancer, for example, a TC immune-related lncRNA prognostic model showed 
that ACVR2B-AS1 is upregulated in TC patients [10]. However, the specific mechanism of action of ACVR2B-AS1 in 
TC remains unexplored. The expression validation in tumor samples revealed significant changes in ACVR2B-AS1 
expression, indicating that it may be a promising candidate for further investigation.

MicroRNAs (miRNAs) are short, non-coding RNAs, approximately 22 nucleotides in length, which regulate gene 
expression by binding to the 3’-UTR region of target genes, thereby inhibiting their translation or promoting their 
degradation [11, 12]. Research has shown that miRNAs have dual roles in tumor development and progression, func-
tioning as both tumor suppressors and oncogenes [13]. miR-195-5p is recognized as a tumor suppressor in various 
cancers, including esophageal, lung, prostate, gastric, nasopharyngeal squamous cell carcinoma, and hepatocellular 
carcinoma, where it is downregulated and inhibits tumor cell viability, migration, and invasion by targeting multiple 
oncogenes [8, 14, 15]. In TC, miR-195-5p is downregulated, suggesting its potential as a biomarker for the disease 
[16]. lncRNAs have been shown to indirectly regulate miRNA target gene expression via the "sponge effect," where 
they competitively bind to miRNAs [17]. Bioinformatics analysis predicted several binding sites between lncRNA 
ACVR2B-AS1 and miR-195-5p, suggesting that ACVR2B-AS1 may downregulate miR-195-5p expression through this 
mechanism, thereby promoting TC progression. This study aimed to further explore and verify this hypothesis.

The study aimed to assess the expression profile of ACVR2B-AS1 in TC and its potential as a prognostic marker. 
Additionally, in vitro cell experiments were performed to investigate the molecular regulatory interactions between 
ACVR2B-AS1 and miR-195-5p in TC progression. This study is expected to provide new theoretical insights and practi-
cal guidance for understanding the molecular mechanism of TC.

2 � Materials and methods

2.1 � Inclusion of subjects

A total of 126 TC patients who underwent thyroidectomy at Central Hospital of Hengyang between June 2017 and 
June 2019 were enrolled in this study. Patients with prior radiotherapy or chemotherapy were excluded. The research 
was sanctioned by the Ethics Committee of Central Hospital of Hengyang, with participants providing informed allow.

2.2 � Basic information and sample collection

Comprehensive clinical data, including age, gender, lymph node metastasis, extrathyroidal extension, TNM stage, 
tumor size, and differentiation, were collected from patients. Tumor and adjacent normal tissues were collected dur-
ing surgery, frozen in liquid nitrogen, and stored at − 80 °C. Patients were followed for five years to gather survival 
information.
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2.3 � Cell culture

The five thyroid cancer cell lines (FTC-133, 8505C, K1, SW579, and IHH-4) [18–20] and the human thyroid cell line 
Nthy-ori3-1 used in this study were purchased from ECACC (Salisbury, UK). FTC-133 cells were cultured in DMEM/F-12 
medium, Nthy-ori3-1, 8505C, and IHH-4 in RPMI-1640, K1 in high-glucose DMEM, and SW579 in Leibovitz’s L-15, all 
supplemented with 10% FBS. All cultures were kept at 37 °C with 5% CO2.

2.4 � qRT‑PCR

Total RNA from tissues and cells was extracted using the RNeasy Mini Kit (Qiagen, Germany) as per the instructions. 
RNA from lncRNA ACVR2B-AS1 and miR-195-5p was reverse-transcribed into cDNA using the PrimeScript™ RT Reagent 
Kit (TaKaRa, Japan) and the TaqMan MicroRNA Reverse Transcription Kit (Thermo Fisher Scientific, USA), respectively. 
Quantitative PCR was conducted with the SYBR premix Ex Taq II Kit (Takara Bio, Japan) on an MX3000p real-time PCR 
instrument. The PCR cycling conditions were as follows: initial denaturation, 95 °C for 30 s; PCR, 40 cycles of 95 °C for 
5 s and 60 °C for 30 s; dissociation, 95 °C for 15 s, 60 °C for 60 s, and 95 °C for 15 s. GAPDH and U6 served as reference 
genes, and relative expression was determined by the 2−ΔΔCt method.

2.5 � Dual‑luciferase gene reporter assay

The potential binding sites between ACVR2B-AS1 and miR-195-5p were predicted by the lncRNASNP v3 (http://
gong_lab.hzau.edu.cn/lncRNASNP3/). The ACVR2B-AS1 fragment including the miR-195-5p binding site was cloned 
into pGL3 to generate wild-type (WT) and mutant (MT) ACVR2B-AS1 vectors. These vectors were then co-transfected 
with miR-195-5p mimics or inhibitors into SW579 and IHH-4 cells employing Lipofectamine 3000 (Thermo Fisher 
Scientific, USA). 48 h later, luciferase activity was obtained by the dual-luciferase reporter assay, with Renilla luciferase 
as control. The potential binding sites between FGF2 and miR-195-5p were predicted by the ENCORI (https://​rnasy​
su.​com/​encori/). Dual luciferase assay for FGF2 and miR-195-5p was performed as above.

2.6 � Cell transfection

Around 2 × 105 SW579 and IHH-4 cells were seeded per well in 6-well plates and cultured until reaching 70–80% 
confluence. siRNA targeting ACVR2B-AS1 transcripts (si-ACVR2B-AS1) and its negative control (si-NC), si-ACVR2B-AS1 
with miRNA inhibitor negative control (si-ACVR2B-AS1 + inhibitor-NC), and si-ACVR2B-AS1 with miR-195-5p inhibitor 
(si-ACVR2B-AS1 + miR inhibitor) were mixed with Lipofectamine 3000 at room temperature for 10 min to form com-
plexes. The complexes were introduced into the cells and incubated for 48 h. After incubation, qRT-PCR was used to 
quantify ACVR2B-AS1 and miR-195-5p expression. The transfection of si-FGF2 (Invitrogen, Carlsbad, USA) and miRNA 
relative material was performed as above. The sequence was shown in the supplementary Table S1.

2.7 � Cell viability

SW579 and IHH-4 cells, after transfection, were seeded at 1 × 104 cells per well in 96-well plates. Following treatment, 
10 µL of CCK-8 reagent (Solarbio, China) was added to each well and incubated for 2 h at different intervals (0, 24, 
48, and 72 h). Absorbance was read at 450 nm employing a Bio-Rad microplate reader (USA).

2.8 � Cell migration and cell invasion

To evaluate cell migration and invasion, Transwell assays were used. Cells were digested, counted, and suspended at 
5 × 104 cells per well in 200 µL of serum-free medium, then added to the upper chamber, while the lower chamber 
contained 500 µL of medium with 10% FBS as a chemoattractant. For migration, cells were incubated at 37 °C with 
5% CO2 for 24 h. For invasion, Matrigel-coated chambers were used, following the same procedure. After incubation, 

https://rnasysu.com/encori/
https://rnasysu.com/encori/
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non-migrated or non-invaded cells were removed, and those on the lower side were fixed with 4% paraformaldehyde, 
stained with 0.1% crystal violet, and counted under a microscope.

2.9 � Data analysis

Data analysis and visualization were performed using SPSS 23 or GraphPad Prism 9. Group differences were tested with 
Student’s t-test or one-way ANOVA, followed by Tukey’s post-hoc test, with statistical significance defined as P < 0.05.

3 � Results

3.1 � Expression of lncRNA ACVR2B‑AS1 in TC tissues and cells

lncRNA ACVR2B-AS1 expression was significantly elevated in TC tissues relative to normal tissues in TC patients (P < 0.001, 
Fig. 1A), as measured by qRT-PCR. The five TG cell lines were selected to verify the ACVR2B-AS1 expression. Compared 
to normal human thyroid cells (Nthy-ori3-1), lncRNA ACVR2B-AS1 expression was markedly upregulated in TC cell lines 
(FTC-133, 8505C, K1, SW579, and IHH-4), with the most significant upregulation observed in SW579 and IHH-4 cells 
(P < 0.001, Fig. 1B).

3.2 � Correlation between lncRNA ACVR2B‑AS1 Expression and clinicopathological features

The relationship between ACVR2B-AS1 and clinical features was assessed to explore the clinical value. Based on the mean 
expression level of lncRNA ACVR2B-AS1 in the TC tissues of 126 patients (1.63), the patients were categorized into high 
and low expression groups. The χ2 test revealed a significant correlation between ACVR2B-AS1 expression levels and 
TNM stage (P = 0.018) and lymph node metastasis (P = 0.011) (Table 1).

3.3 � Correlation between lncRNA ACVR2B‑AS1 expression and overall survival

Patients exhibiting high lncRNA ACVR2B-AS1 expression showed markedly reduced survival rates compared to those 
with low expression levels (P = 0.016, Fig. 1C) in Kaplan–Meier survival curves. Additionally, high lncRNA ACVR2B-AS1 
expression (HR = 4.692, P = 0.029), positive lymph node metastasis (HR = 3.762, P = 0.041), and TNM stage III/IV (HR = 4.877, 
P = 0.037) were identified as independent prognostic factors for TC patients (Table 2) by cox regression analysis.

Fig. 1   The expression of lncRNA ACVR2B-AS1 in thyroid cancer tissues and cells, and the Kaplan–Meier survival curves of thyroid cancer 
patients. A The expression of ACVR2B-AS1 increased in thyroid cancer tissues compared with adjacent normal tissues by qRT-PCR (n = 125). 
B ACVR2B-AS1 expression was higher in thyroid cancer cell lines (FTC-133, 8505C, K1, SW579, and IHH-4) compared to normal thyroid cell 
line (Nthy-ori 3–1) by qRT-PCR (n = 5). C High expression of ACVR2B-AS1 was associated with poor prognosis in patients. Data are presented 
as the mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001
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3.4 � Evaluation of the relationship between lncRNA ACVR2B‑AS1 and miR‑195‑5p

miR-195-5p expression was significantly lower in TC tumor tissues than in normal tissues, as measured by qRT-
PCR(P < 0.001, Fig. 2A). A significant negative correlation was observed between the relative expression levels of 
lncRNA ACVR2B-AS1 and miR-195-5p in TC tumor tissues according to the Pearson correlation analysis (r = − 0.773, 
P < 0.001, Fig. 2B). Additionally, in TC cell lines (FTC-133, 8505C, K1, SW579, and IHH-4), miR-195-5p levels were also 
notably reduced compared to Nthy-ori3-1 cells (P < 0.001, Fig. 2C). SW579 and IHH-4 cells, with relatively low miR-
195-5p expression and significantly elevated ACVR2B-AS1 expression, were chosen for further experiments.

The association between miR-195-5p and ACVR2B-AS1 was further verified. Binding sites between miR-195-5p 
and ACVR2B-AS1 were identified employing the lncRNASNP v3 database (Fig. 2D). As shown in the dual-luciferase 
gene reporter assay, in SW579 (Fig. 2E) and IHH-4 (Fig. 2F) cells, miR-195-5p overexpression notably suppressed the 
luciferase activity of WT ACVR2B-AS1, while its knockdown enhanced the activity (P < 0.001). However, the lucif-
erase activity of MT ACVR2B-AS1 remained unaffected (P > 0.05), confirming a targeted relationship between lncRNA 
ACVR2B-AS1 and miR-195-5p.

Table 1   Association 
between expression of 
lncRNA ACVR2B-AS1 and 
the clinicopathological 
characteristics of patients

Clinicopathological characteristics Low expression of lncRNA 
ACVR2B-AS1 (n = 61)

High expression of lncRNA 
ACVR2B-AS1 (n = 65)

P

Age 0.402
  < 50 27 24
  ≥ 50 34 41

Gender 0.600
 Male 31 30
 Female 30 35

Extra thyroidal extension 0.228
 Negative 32 41
 Positive 29 24

Lymph node metastasis 0.011
 Negative 50 40
 Positive 11 25

Tumor size (cm) 0.106
  < 4 36 29
  ≥ 4 25 36

TNM stage 0.018
 I/II 46 36
 III/IV 15 29

Differentiation 0.058
 Well + moderate 42 34
 Poor 19 31

Table 2   Multivariate Cox 
analysis of clinical parameters 
in relation to overall survival

HR Value 95% CI P

LncRNA ACVR2B-AS1 4.692 1.168–18.844 0.029
Age 1.468 0.46–4.682 0.517
Gender 1.110 0.339–3.634 0.863
Extra thyroidal extension 1.253 0.413–3.801 0.690
Lymph node metastasis 3.762 1.056–13.395 0.041
Tumor size (cm) 1.846 0.606–5.63 0.281
TNM stage 4.877 1.098–21.657 0.037
Differentiation 1.983 0.552–7.128 0.294
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3.5 � Evaluation of the regulatory interaction between lncRNA ACVR2B‑AS1 and miR‑195‑5p

Next, the mechanism of ACVR2B-AS1 in TC was investigated. The transfection efficiency was tested in the cell experi-
ment. In SW579 (Fig. 3A) and IHH-4 (Fig. 3B) cells, knockdown of lncRNA ACVR2B-AS1 significantly reduced lncRNA 
ACVR2B-AS1 expression (P < 0.001), while miR-195-5p knockdown did not affect lncRNA ACVR2B-AS1 expression 
(P > 0.05). Conversely, in SW579 (Fig. 3C) and IHH-4 (Fig. 3D) cells, silencing lncRNA ACVR2B-AS1 led to a marked 
increase in miR-195-5p expression (P < 0.001), which was notably reversed by co-knockdown of ACVR2B-AS1 and 
miR-195-5p (P < 0.05). These results confirm that the transfection was successful.

Knockdown of ACVR2B-AS1 greatly inhibited the viability of SW579 (Fig. 3E) and IHH-4 (Fig. 3F) cells (P < 0.001), and 
significantly reduced the migration (Fig. 3G and H) and invasion (Fig. 3I and J) of SW579 and IHH-4 cells (P < 0.001). 
However, simultaneous knockdown of lncRNA ACVR2B-AS1 and miR-195-5p reversed the effects of ACVR2B-AS1 
silencing on TC cell viability, migration, and invasion.

Fig. 2   Evaluation of the relationship between lncRNA ACVR2B-AS1 and miR-195-5p. A miR-195-5p expression was decreased in thyroid can-
cer tissues compared with adjacent normal tissues by qRT-PCR (n = 125). B Pearson analysis revealed that the significant negative correlation 
between the relative expression levels of ACVR2B-AS1 and miR-195-5p in TC tissues (n = 125). C The expression of miR-195-5p decreased in 
thyroid cancer cell lines (FTC-133, 8505C, K1, SW579, and IHH-4) compared with normal thyroid cell line (Nthy-ori 3–1) by qRT-PCR (n = 5). 
D Binding sites between miR-195-5p and ACVR2B-AS1 were identified using the lncRNASNP v3 database. E and F Dual-luciferase reporter 
gene assay for wild-type and mutant ACVR2B-AS1 luciferase vectors in SW579 cells E and IHH-4 cells F transfected with miR-195-5p mimic or 
miR-195-5p inhibitor (n = 3). Data are presented as the mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001
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Fig. 3   lncRNA ACVR2B-AS1 regulates miR-195-5p, affecting the viability, migration, and invasion of SW579 and IHH-4 cells. A and B In 
SW579 (A) and IHH-4 (B) cells, knockdown of ACVR2B-AS1 significantly reduced ACVR2B-AS1 expression, whereas knockdown of miR-
195-5p had no effect on ACVR2B-AS1 expression, as determined by qRT-PCR (n = 5). C and D In SW579 (C) and IHH-4 (D) cells, knockdown of 
ACVR2B-AS1 significantly increased miR-195-5p expression, and this effect was significantly reversed by simultaneous knockdown of both 
ACVR2B-AS1 and miR-195-5p, as measured by qRT-PCR (n = 3). E–J Knockdown of ACVR2B-AS1 significantly inhibited the viability of SW579 
(E) and IHH-4 (F) cells, and reduced the migration of SW579 (G) and IHH-4 (H) cells, as well as invasion of SW579 (I) and IHH-4 (J) cells, and 
this effect was significantly reversed by simultaneous knockdown of both ACVR2B-AS1 and miR-195-5p, as measured by CCK-8 and Tran-
swell (n = 5). Data are presented as the mean ± SD. **, P < 0.01; ***, P < 0.001
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3.6 � Evaluation of the relationship between miR‑195‑5p and FGF2

FGF2 expression was higher in TC tissues than in normal tissues in the TCGA dataset (Fig. 4A). In TC cell lines (K1, SW579, 
and IHH-4), FGF2 levels were also notably increased compared to Nthy-ori3-1 cells (P < 0.01, Fig. 4B). In SW579 (Fig. 4C) 
and IHH-4 (Fig. 4D) cells, knockdown of miR-195-5p significantly increased FGF2 expression, while FGF2 expression was 
notably reversed by co-knockdown of ACVR2B-AS1 and miR-195-5p (P < 0.05). Binding sites between miR-195-5p and 
FGF2 were predicted by the ENCORI (Fig. 4E). In SW579 (Fig. 4F) and IHH-4 (Fig. 4G) cells, miR-195-5p overexpression 
notably suppressed the luciferase activity of WT FGF2, while its knockdown enhanced the activity (P < 0.05). However, 
the luciferase activity of MT FGF2 remained unaffected (P > 0.05), confirming a targeted relationship between miR-195-5p 
and FGF2.

4 � Discussion

The role of lncRNAs in regulating disease progression through various molecular mechanisms has been extensively 
studied [21]. Several lncRNAs have been identified as dysregulated in tumor tissues from TC patients, indicating their 
crucial regulatory roles in TC progression [22, 23]. lncRNA ARAP1-AS1 is upregulated in TC cell lines and tissues, promot-
ing TC progression by interacting with the miR-516b-5p/PDE5A axis [24]. Similarly, lncRNA CDKN2B-AS1 is upregulated 
in TC samples, with its overexpression potentially reflecting an active immune microenvironment [25]. A newly identified 
lncRNA, ACVR2B-AS1, was found to be upregulated in TC patient tissues in a study that constructed a TC-related lncRNA 

Fig. 4   Evaluation of the relationship between miR-195-5p and FGF2. A FGF2 expression was increased in thyroid cancer (n = 510) compared 
with normal samples (n = 58) in TCGA datasets. B The expression of FGF2 increased in thyroid cancer cell lines (K1, SW579, and IHH-4) com-
pared with normal thyroid cell line (Nthy-ori 3–1) by qRT-PCR (n = 5). C and D In SW579 (C) and IHH-4 (D) cells, knockdown of miR-195-5p 
significantly increased FGF2 expression, and this effect was significantly reversed by simultaneous knockdown of both miR-195-5p and 
FGF2, as measured by qRT-PCR (n = 5). D Binding sites between miR-195-5p and FGF2 were identified using the ENCORI database. E and F 
Dual-luciferase reporter gene assay for wild-type and mutant FGF2 luciferase vectors in SW579 cells (E) and IHH-4 cells (F) transfected with 
miR-195-5p mimic or miR-195-5p inhibitor (n = 3). Data are presented as the mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001
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prognostic model [10], aligning with the findings of the present study. Lymph node metastasis is a critical indicator of 
tumor progression, as it reflects the spread of tumor cells through the lymphatic system, signifying a failure of local 
control and potential for distant metastasis [26]. TNM stage serves as the primary metric for assessing tumor severity. 
Advanced-stage tumors (TNM stage III or IV) are often linked to larger tumor size, extensive local invasion, lymph node 
involvement, and distant metastasis [27]. Both lymph node metastasis and high TNM stage are indicative of late-stage dis-
ease, poor prognosis, and significantly reduced survival rates. The results suggest that ACVR2B-AS1 is highly upregulated 
in TC tissues and cell lines, and this upregulation is strongly associated with adverse clinicopathological characteristics, 
including lymph node metastasis and high TNM stage. Previous studies have demonstrated that abnormal lncRNAs 
expression in various cancers is closely associated with their oncogenic or tumor-suppressive functions [28]. For instance, 
lncRNA RMRP has been identified as an oncogene in bladder cancer, with its high expression significantly correlated with 
poor prognosis [29]. This aligns with the findings in TC patients in the current study, suggesting that ACVR2B-AS1 may 
act as an oncogenic factor in TC progression, promoting malignant behaviors through multiple mechanisms. These find-
ings further confirmed that elevated ACVR2B-AS1 expression serves as an independent prognostic factor for decreased 
survival in TC patients, indicating its potential as a biomarker for TC prognosis.

miRNAs have been widely studied as key regulators in tumorigenesis [13]. miR-195-5p, a well-established tumor sup-
pressor, has been demonstrated to play a critical role in several types of cancer [14], including TC [16], where its expres-
sion is downregulated. The results of this study verify that miR-195-5p is reduced in both TC tumor tissues and cell lines. 
Current research suggests that lncRNAs influence the progression of various diseases by "sponging" miRNAs [30, 31]. 
This study reveals a strong inverse correlation between ACVR2B-AS1 and miR-195-5p expression in TC tumor tissues, 
supported by evidence of a targeted interaction between them. These findings suggest that ACVR2B-AS1 may facilitate 
TC progression by regulating miR-195-5p regulation. Studies have shown that the interaction between lncRNAs and 
miRNAs not only affects gene transcription and translation but also influences cell proliferation, migration, and invasion 
through complex regulatory networks, ultimately driving disease progression [32–34]. The study results indicate that 
ACVR2B-AS1 negatively regulates miR-195-5p. Furthermore, co-knockdown of ACVR2B-AS1 and miR-195-5p reverses the 
suppressive effects of ACVR2B-AS1 silencing on TC cell viability, migration, and invasion, providing further evidence of 
their functional interplay. Previous research has shown that miR-195-5p decreases TC cell proliferation by modulating 
the p21/cyclin D1 axis [35]. Linc00210 has been identified as a miR-195-5p sponge, negating its capacity to reduce the 
expression of IGF1R and block PI3K/Akt pathway activation, thus impacting TC progression [16]. These insights suggest 
that ACVR2B-AS1 may downregulate miR-195-5p expression via a "sponge effect”. This regulation likely influences key 
proteins and signaling pathways, driving the aggressive behavior of TC cells.

The target genes of miR-195-5p were predicted to explore the potential molecular mechanisms in TC. Potential bind-
ing sites between miR-195-5p and FGF2 were identified. FGF2 plays a critical regulatory role in tumors, for example, 
increased FGF2 expression promotes immune cell infiltration and is associated with poor prognosis in thyroid cancer [36]. 
MiR-195 has been shown to influence tumor growth and metastasis in papillary thyroid carcinoma cell lines by target-
ing FGF2 [37]. The expression level of FGF2 was significantly upregulated in TC tissues and cell lines. Therefore, lncRNA 
ACVR2B-AS1 inhibits miR-195-5p and regulates the proliferation and metastasis of TC cells through FGF2, contributing 
to the progression of TC.

The cell lines FTC-133, 8505C, K1, SW579, and IHH-4 are derived from thyroid gland follicular carcinoma, thyroid gland 
anaplastic carcinoma, thyroid gland papillary carcinoma, thyroid gland squamous cell carcinoma, and thyroid gland 
papillary carcinoma respectively. The two TC cell lines, SW579 and IHH-4, were selected based on the findings of the 
present study. These two cell lines represent different cell line subtypes, which helps to highlight the broader relevance 
of our findings across diverse tumor types. The use of these cell lines aligns with the histological diversity observed in 
our patient population, ensuring that our experimental models are associated with clinical reality.

This study represents the first systematic exploration of the clinical significance and molecular mechanisms of ACVR2B-
AS1 in TC; however, certain limitations must be acknowledged. Although we used a cell model to investigate the mecha-
nisms and demonstrate that ACVR2B-AS1 regulates tumor progression via the miR-195-5p/FGF2 axis, the in vitro environ-
ment remains limited and static, unable to replicate the complex and dynamic physiological conditions of in vivo systems. 
In vivo experiments are crucial for bridging the gap between basic research and clinical applications. Due to limitations 
in experimental conditions and funding, this study did not include animal experiments. In future studies, animal models 
will be incorporated to further assess and validate the role of ACVR2B-AS1 in TC. Additionally, while this study mainly 
focused on the relationship between ACVR2B-AS1 and miR-195-5p, lncRNAs typically exert their biological functions by 
regulating multiple miRNAs or proteins. Therefore, further exploration of other regulatory pathways involving ACVR2B-
AS1 will be essential for a comprehensive understanding of its role in TC.
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5 � Conclusion

lncRNA ACVR2B-AS1 was observed to be significantly upregulated in TC and was closely associated with adverse 
clinical features and prognosis. It was demonstrated to enhance TC cell viability, migration, and invasion through 
the regulation of miR-195-5p expression. These findings provide new theoretical foundations and potential targets 
for molecular mechanism research and personalized treatment of TC.
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