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Abstract: Anaplastic thyroid cancer (ATC) is an extremely aggressive and lethal malignancy characterized by a very 
short average survival time following diagnosis. Understanding the molecular mechanisms that drive this aggres-
siveness is vital for developing effective therapies. This study aimed to elucidate the role and function of La-related 
protein 1 (LARP1) in ATC progression. We quantitatively analyzed LARP1 expression in patient samples and ATC cell 
lines. Functional assays were performed to investigate LARP1’s involvement in cancer-related processes, including 
inhibition of apoptosis, promotion of cell cycle progression, proliferation, colony formation, migration, and invasion. 
Our results revealed significantly elevated LARP1 expression in ATC tissues, which may be associated with poor 
patient prognosis. Experimental data demonstrated that LARP1 enhances oncogenic activities, promoting prolif-
erative and invasive behaviors. These findings provide compelling evidence that LARP1 plays a crucial role in ATC 
malignancy, offering insights into pathophysiology and potential therapeutic targets.
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Introduction

Thyroid cancer is the most prevalent endocrine 
malignancy, with anaplastic thyroid carcinoma 
(ATC) accounting for only 1%-2% of cases but 
responsible for approximately 50% of thyroid 
cancer-related deaths [1, 2]. ATC is a poorly dif-
ferentiated tumor and is considered the deadli-
est human cancer worldwide, notable for its 
rapid progression and lethality [3]. Median 
overall survival is approximately 3-5 months 
post-diagnosis, with near 100% disease-specif-
ic mortality [4, 5]. Currently, the precise patho-
genesis of ATC remains unclear, and effective 
treatments to extend survival are limited [6, 7]. 
Conventional therapies such as chemotherapy, 
radioiodine ablation, and radiotherapy provide 

minimal benefit [8], with over 40% of patients 
presenting with distant metastases at diagno-
sis. Death is frequently due to asphyxia caused 
by local tumor growth and metastasis [9, 10]. 
These challenges highlight the urgent need for 
novel therapeutic strategies and deeper under-
standing of molecular drivers in ATC.

RNA-binding proteins are essential regulators 
of cell pluripotency and self-renewal, and their 
dysregulation is implicated in various diseases 
including cancer [11, 12]. La-related protein 1 
(LARP1), a member of the conserved LARP fam-
ily, contains a La domain critical for RNA binding 
[13, 14]. Predominantly cytoplasmic, LARP1 
regulates mRNA translation and stability, influ-
encing protein synthesis, apoptosis, prolifera-
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tion, and migration [15]. Elevated LARP1 ex- 
pression correlates with poor prognosis in mul-
tiple cancers such as liver, ovarian, lung, and 
colorectal cancers, associating with tumor size, 
survival, and clinical features [13, 16-19]. Not- 
ably, LARP1 mRNA is significantly upregulated 
in hepatocellular carcinoma, correlating with 
adverse outcomes [18]. In ovarian cancer pa- 
tients, circulating levels of LARP1 correlate with 
tumor load, and LARP1 acts as a post-tran-
scriptional facilitator of apoptosis evasion in 
ovarian cancer cells [13]. High LARP1 protein 
levels also associate with progression and poor 
survival in non-small cell lung and cervical can-
cers [17]. However, the expression of LARP1 in 
ATC and its specific functions and mechanisms 
of action remain unexplored. Understanding 
LARP1 in ATC may reveal novel molecular me- 
chanisms and therapeutic targets. The aim of 
this study was to investigate the expression of 
LARP1 in ATC and to elucidate its function, 
thereby offering new perspectives for targeted 
therapeutic strategies in ATC.

Material and methods

Source of specimens

We retrospectively analyzed pathological speci-
mens collected at Zhejiang Cancer Hospital 
from patients who underwent surgery in the 
Department of Head and Neck Surgery between 
January 1, 2016, and December 31, 2017. The 
study included 10 pairs of primary papillary thy-
roid carcinoma (PTC) samples and their adja-
cent normal thyroid tissues, along with 6 ana-
plastic thyroid carcinoma (ATC) samples. Data 
access occurred on December 12, 2022, fol-
lowing approval by the Medical Ethics Com- 
mittee of Zhejiang Cancer Hospital (approval 
number: IRB-2022-741). Written informed con-
sent was obtained from all patients prior to 
their participation in the study. The study com-
plied fully with the Declaration of Helsinki, en- 
suring patient rights and confidentiality. Sam- 
ples were selected based on routine pathologi-
cal diagnoses confirmed by histopathological 
examination and staged postoperatively accor- 
ding to the 8th edition of the TNM system by 
UICC/AJCC [6]. PTC diagnosis was based on 
characteristic nuclear features, including en- 
largement, overlapping, grooves, and Orphan 
Annie eye nuclei. For ATC, the diagnosis was 
based on the presence of undifferentiated, 
pleomorphic tumor cells lacking conventional 

thyroid cancer histological features. Addi- 
tionally, immunohistochemical staining was uti-
lized to support the diagnostic process. Clini- 
copathological information for these patients 
was collected, and LARP1 protein expression 
and intensity were evaluated immunohisto-
chemically by hospital pathologists.

Immunohistochemistry and histology

Cancerous and adjacent non-cancerous tis-
sues from PTC and ATC patients at Zhejiang 
Cancer Hospital were collected. ATC tumor tis-
sues were fixed in formalin, processed, and 
embedded in paraffin. Sections of 5 μm thick-
ness were mounted on positively charged 
slides. Immunohistochemical staining was per-
formed using standard protocols, with over-
night incubation at 4°C using primary antibod-
ies against LARP1 diluted 1:200. Detection 
employed conjugated secondary antibodies 
(1:200) and diaminobenzidine (DAB) chromo-
gen. Pathologists quantified LARP1 staining  
in five representative fields per sample. Exp- 
ression scoring was defined as follows: 0-5% (-), 
5-25% (1+), 25-50% (2+), 5-75% (3+), and 
75-100% (4+). Scores of 3+ and 4+ were con-
sidered high expression, while -, 1+, and 2+ 
were considered low.

Cell lines and cell culture

The human normal thyroid cell line NTHY-3, PTC 
cell lines TPC-1 and IHH4, as well as ATC cell 
lines 8505C, KHM-5M, CAL-62, C643, and 
BTH101 were all obtained from the National 
Infrastructure of Cell Line Resource in Shanghai, 
China. Except for BTH101 cells, which were cul-
tured in DMEM supplemented with 10% fetal 
bovine serum (FBS), all other cell lines were 
maintained in RPMI-1640 medium (Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% 
FBS. All cells were incubated at 37°C in a 
humidified atmosphere containing 5% CO2. 
Initial screening of LARP1 protein expression 
across five ATC cell lines (CAL-62, KHM-5M, 
8505C, C643, and BTH101) revealed that CAL-
62 and KHM-5M exhibited the highest levels 
(Figure 1C), making them optimal models for 
functional loss-of-function studies. Therefore, 
subsequent experiments were conducted using 
these two cell lines.

Cell transfection

To explore the role of LARP1 in ATC, three siRNA 
sequences targeting LARP1 and corresponding 
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negative controls (NC) were obtained from 
Beijing Tsingke Biotech Co., Ltd. (Table 1). CAL-
62 and KHM-5M cells in the exponential growth 
stage were distributed into six-well plates with 
120,000 cells per well. Cells were transfected 
with Lipofectamine® 3000 reagent (Invitrogen, 
Grand Island, NY, USA) in Opti-MEM® I (GIBCO/
BRL) when reaching a confluence level between 
40% and 60%. Following a 12-hour incubation 
period at 37°C in an environment with 5% CO2, 
the old medium was swapped out for a new 
complete culture medium. After an additional 
48 hours of incubation, the cells were harvest-
ed for further cellular function assays.

2-ΔΔCT method was utilized to determine the 
relative levels of expression. PCR reactions 
were performed with the LightCycler® 480 
Instrument II from Roche Diagnostics, all exper-
iments were meticulously replicated three 
times to ensure the reliability and consistency 
of the results (n=3).

Cell proliferation assays

Viability of cells was determined by utilizing the 
Cell Counting Kit-8 (CCK-8; Vazyme Biotech 
Co., Ltd., Cat A311-02-AA). Following transfec-
tion, CAL-62 and KHM-5M cells were placed in 

Figure 1. LARP1 is highly expressed in anaplastic thyroid carcinoma. A. Proteomic analysis to determine the relative 
expression levels of LARP1 in PTC (n = 6) compared to ATC (n = 6), **P < 0.01, compared with PTC. B. Immunohis-
tochemical staining of thyroid specimens. Comparison of LARP1 levels in tissues of peritumoral thyroid tissues, PTC 
and ATC, Bar = 100 μm; in the lower left inset, Bar = 50 μm; images were taken at 20× magnification. C. Detection 
of LARP1 gene expression in PTC (IHH4, TPC-1) and ATC (8505C, CAL-62, KHM-5M, C643, BHT101) cells using 
Western blot.

Table 1. SiRNA sequences of LARP1
Gene name Target sequence
Si-LARP1-1 Sense-1: GGUGACUUUGGAGAUGCAAdTdT

Anti-sense-1: UUGCAUCUCCAAAGUCACCdTdT
Si-LARP1-2 Sense-2: GAUAGUAAGGAGAGUCCAAdTdT

Anti-sense-2: UUGGACUCUCCUUACUAUCdTdT
Si-LARP1-3 Sense-3: GAUGAGACAUCGAGUGUGAdTdT

Anti-sense-3: UCACACUCGAUGUCUCAUCdTdT

Table 2. Primer sequences used for RT-qPCR
Gene name Primer sequences
LARP1 Forward: 5’-ACACAAGTGGGTTCCATTACAAA-3’

Reverse: 5’-CTCCGCGATTGGCAGGTAT-3’
18s-rRNA-hu-R Forward: 5’-GGTCGGAGTCAACGGATTTG-3’

Reverse: 5’-ATGAGCCCCAGCCTTCTCCAT-3’

Quantitative real-time polymerase chain 
reaction (RT-qPCR)

Total RNA was extracted from transfect-
ed cells using the RNA-Quick Purification 
Kit (ES Science). Reverse transcription 
was performed by synthesizing cDNA 
templates with 5× PrimeScript RT Master 
Mix (Takara). RT-qPCR was conducted 
using a 10 μL mixture containing 5 μL 
Hieff qPCR SYBR Green Master Mix 
(Yeasen), 3 μL nuclease-free water, 0.5 
μL of both forward and reverse primers 
(Table 2), and 1 μL cDNA for target ampli-
fication. An internal reference, the 
18s-rRNA-hu-R from Sangon Biotech 
(Shanghai) Co., Ltd., was utilized to stan-
dardize mRNA expression levels in cells 
where LARP1 was knocked down. The 
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a 96-well plate with 2,000 cells per well and 
given 8-12 hours to attach. Afterward, CCK-8 
reagent was introduced, and the cells were left 
to incubate for 2 hours in a cell culture incuba-
tor. The absorbance at 450 nm was recorded 
for every well and repeated on a daily basis for 
five days in a row. In the clonogenic test, cells 
were seeded at an equivalent concentration in 
6-well dishes and incubated at 37°C for a peri-
od of 12 days. After fixing the cells with 4% 
paraformaldehyde, they were stained using 
0.1% crystal violet. All experiments were per-
formed in triplicate.

Cell migration and invasion assessments

Cell migration and invasion experiments were 
carried out with Corning Transwell systems con-
sisting of 24-well plates with a diameter of 6.5 
mm and pores measuring 8.0 μm. During the 
migration experiments, 20,000 cells from the 
CAL-62 and KHM-5M cell lines were seeded in 
the top compartment with 200 μL of medium 
without serum, 48 hours after transfection. The 
lower chamber was filled with an extra 800 μL 
of RPMI-1640 medium containing 10% fetal 
bovine serum. After 24 hours, cells that did not 
move were removed from the top membrane 
with a cotton swab, while those that had trav-
eled to the bottom were treated with 4% para-
formaldehyde and stained with 0.01% crystal 
violet for half an hour.

In the invasion assays, 50 μL of Matrigel matrix 
(Xiamen Mogengel Biotechnology Co., Ltd.) was 
applied to each well and allowed to polymerize 
at 37°C for 30 minutes before seeding the 
cells. Subsequently, 40,000 cells were plated 
onto the extracellular matrix-coated upper 
chamber and incubated for 48 hours. Migration 
and invasion outcomes were captured and ana-
lyzed using the EVOS M7000 automated live 
cell imaging system. All experiments were per-
formed at least three times independently to 
confirm reproducibility and reliability.

Apoptosis assays

Apoptosis was assessed using the Annexin 
V-FITC Apoptosis Detection Kit (Multi Sciences 
Biotech Co., Ltd., Hangzhou, China) following 
manufacturer instructions. After cell digestion 
and centrifugation, cells were resuspended in 
500 μL of 1× Binding Buffer. Then, 5 μL Annexin 
V-FITC and 10 μL propidium iodide (PI) were 

added, followed by a 5-minute incubation at 
room temperature in the dark. Fluorescence 
was measured using a NovoCyte Advanteon 
flow cytometer (Agilent Technologies, Inc.) and 
analyzed with FlowJo software. This assay dis-
tinguishes viable cells (Annexin V-/PI-), early 
apoptotic cells (Annexin V+/PI-), and late apop-
totic/necrotic cells (Annexin V+/PI+).

Cell cycle assays

Cell cycle distribution was analyzed using the 
Cell Cycle Staining Kit (Multi Sciences Biotech 
Co., Ltd.) as per the manufacturer’s protocol. 
Transfected cells were collected, stained with 1 
mL DNA Staining Solution and 10 μL Per- 
meabilization Solution, and incubated in the 
dark at room temperature for 30 minutes. Cells 
were then analyzed by flow cytometry, and data 
were processed using FlowJo software.

Western blot analysis

After transfection of the CAL-62 and KHM-5M 
cell lines, the cells were cultured for an addi-
tional 48 to 72 hours. Following this incubation 
period, the cells were harvested and lysed on 
ice for 10 minutes using a specialized lysis buf-
fer designed for Western blot and immunopre-
cipitation applications. This lysis buffer includ-
ed PMSF (#P0013, Beyotime Institute of Bio- 
technology, China) to inhibit protease activity. 
Protein concentrations in the lysates were 
determined using the Bicinchoninic Acid (BCA) 
Protein Assay Kit (Thermo Fisher Scientific, 
USA).

Proteins were separated by SDS-PAGE using 
4-20% precast Tris-Glycine gels (#P0524M, 
Beyotime Institute of Biotechnology, China), 
then transferred onto PVDF membranes. To 
prevent non-specific binding, membranes were 
blocked for one hour in TBST containing 1% 
Tween-20 and 5% non-fat milk. After blocking, 
membranes were incubated overnight at 4°C 
with primary antibodies, followed by a 60-min-
ute incubation at room temperature with horse-
radish peroxidase (HRP)-conjugated secondary 
antibodies. Proteins were detected with the 
FDbioDura ECL Kit (#FD8020, Fdbio Science, 
China) and images were taken using The Cute 
ChemiDoc Imager (Shenhua Science and 
Technology Co., Ltd.). Protein band densities 
were quantitatively analyzed using SHST 
Analysis software.
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Table 3. Distribution of LARP1 expression levels across different clinical samples
LARP1 expression levels

- 1+ 2+ 3+ 4+
Paracancerous Thyroid Tissues (10) 6 (60%) 4 (40%) 0 (0%) 0 (0%) 0 (0%)
PTC (10) 0 (0%) 2 (20%) 5 (50%) 2 (20%) 1 (10%)
ATC (6) 0 (0%) 0 (0%) 0 (0%) 1 (17%) 5 (83%)
Note: The table shows the sample sizes of three different clinical conditions (Paracancerous Thyroid Tissues, PTC, ATC) catego-
rized by LARP1 expression levels, ranging from “-/1+/2+” (low) to “3+/4+” (high) as assessed by immunohistochemistry.

Table 4. Expression level of LARP1 in clinical pathological 
samples

Variables
PTC  

(Patients = 10)
ATC  

(Patients = 6)
Low High Low High

7 3 0 6
Gender Male 4 0 - 5

Female 3 3 - 1
Age < 55 6 3 - 1

≥ 55 1 0 - 5
Tumor size < 2 cm 5 2 - 0

≥ 2 cm 2 1 - 6
Capsule invasion Yes 6 3 - 6

No 1 - - 0
T-status T1-2 5 2 - 0

T3-4 2 1 - 6
Lymph node involvement Yes 7 3 - 5

No - - - 1
Distant metastasis Yes 1 - - 6

No 6 3 - 0
TNM stage I-II 7 3 - 0

III-IV - - - 6

Statistical analysis

GraphPad Prism 9.0 was used for all statistical 
analyses and data visualization. Differences 
between two groups were analyzed using the 
non-parametric Mann-Whitney U test. For com-
parisons among multiple groups, one-way and 
two-way ANOVA were performed, followed by 
Tukey’s multiple comparisons post hoc test to 
identify specific group differences. Repeated 
Measures ANOVA was employed to analyze cell 
viability data across multiple time points (0, 24, 
48, 72, and 96 hours). Data are presented as 
mean ± standard deviation, with P < 0.05 con-
sidered statistically significant. Significance 
levels are denoted as *P < 0.05, **P < 0.01, 
***P < 0.001, and ****P < 0.0001.

Results

The expression of LARP1 is signifi-
cantly higher in ATC

ATC is a rare but aggressive malig-
nancy. Proteomic analysis of clini-
cal samples revealed that LARP1 is 
significantly overexpressed in ATC 
tissues (n = 6) compared to PTC 
tissues (n = 6) (Figure 1A). The 
non-parametric Mann-Whitney U 
test was used to compare the 
mean expression levels of LARP1 
between the two groups, yielding  
a P-value that indicated statisti- 
cal significance (**P < 0.01). 
Immunohistochemical staining fur-
ther validated the upregulation of 
LARP1 in ATC cells relative to peri-
tumoral thyroid tissues and PTC 
(Figure 1B). We examined the 
expression and clinicopathological 
features of LARP1 in 10 paracan-
cerous thyroid tissues, 10 PTC tis-
sues, and 6 ATC tissues. In our 

results, 70% of PTC samples showed low 
expression, with only 30% showing high expres-
sion. In contrast, LARP1 was highly expressed 
in all 6 ATC samples (100%) (Table 3). The mid-
dle age of the ATC patients was 70 years, with 
an age range of 54-85 years. Each of the 6 ATC 
cases presented with primary tumors larger 
than 2 cm, with all cases showing capsule and 
tissue invasion, lung metastases, and 5 cases 
exhibiting concurrent cervical lymph node 
metastasis (Table 4). Western blot analysis was 
utilized to quantify LARP1 protein expression 
across normal thyroid cells, PTC and ATC cell 
lines, revealing a marked elevation of LARP1 
protein levels within ATC cell lines (CAL-62, 
KHM-5M, 8505C, C643, BHT101) compared to 
PTC cell lines (IHH4, TPC-1) (Figure 1C).
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LARP1 knockdown significantly inhibits prolif-
eration and colony formation of ATC cells

We investigated the role of LARP1 in ATC using 
the CAL-62 and KHM-5M cell lines, which ini-
tially exhibited high LARP1 expression. To 
explore LARP1’s function, we conducted RNA 
interference (RNAi) experiments to knock down 
LARP1 expression, followed by assessments of 
RNA and protein levels via RT-qPCR and 
Western blot (WB), respectively. The RT-qPCR 
results demonstrated a significant decrease in 
LARP1 mRNA levels in CAL-62 and KHM-5M 
cells post-RNAi treatment, confirming success-
ful gene silencing at the transcriptional level 
(Figure 2A). Western blot analysis further vali-
dated these findings by showing a marked 
reduction in LARP1 protein levels, indicating 
effective silencing at the protein level (Figure 
2B). 

To evaluate the functional impact of LARP1 
knockdown, we performed CCK8 proliferation 
assays and colony formation assays. The CCK8 
assays revealed a notable reduction in cell 
growth in the LARP1 knockdown group com-
pared to the control group across multiple time 
points (0 h, 24 h, 48 h, 72 h, and 96 h) (Figure 
2C). Integrating the data presented in Figure 
2A-C, it is evident that although the three siR-
NAs achieved comparable knockdown efficien-
cies of LARP1 mRNA and protein levels, the 
resulting phenotypic effects varied markedly. 
Notably, LARP1 knockdown in CAL-62 cells led 
to significant differences in cell viability des- 
pite similar silencing efficacy. This observation 
underscores the biological complexity of LARP1 
and may be explained by several potential 
mechanisms: (i) synergistic inhibition of surviv-
al pathways through off-target effects mediat-
ed by seed sequence complementarity; (ii) 
complete elimination of oncogenic LARP1 iso-
forms; and (iii) surpassing a critical expression 
threshold necessary to maintain translational 
fidelity.

Additionally, the colony formation assays indi-
cated a significant decrease in the colony-form-
ing ability of CAL-62 and KHM-5M cells follow-
ing LARP1 suppression (Figure 2D, 2E). These 
findings collectively suggest that LARP1 knock-
down substantially inhibits the proliferation and 
colony formation of ATC cells, highlighting the 
critical role of LARP1 in the growth and expan-
sion of these cancer cells.

LARP1 knockdown leads to increased apopto-
sis in ATC cells

Post-LARP1 knockdown, morphological obser-
vations of ATC cells using the EVOS M7000 
intelligent imaging system revealed typical 
apoptotic changes such as cell shrinkage, 
membrane blebbing, and nuclear fragmenta-
tion (Figure 3A). Flow cytometry was used to 
measure these findings, revealing a notable 
rise in apoptotic cells after LARP1 knockdown 
in comparison to the control group (Figure 3B, 
3C). This increase was statistically significant (P 
< 0.0001), confirming that reduced LARP1 
expression contributes to enhanced apoptotic 
cell death in ATC cells.

Both morphological observations and flow 
cytometry data strongly support the essential 
role of LARP1 in regulating the survival of CAL-
62 and KHM-5M cells. These findings highlight 
LARP1 as a promising candidate for therapeu-
tic targeting in ATC.

LARP1 knockdown induces G2/M phase cell 
cycle arrest in ATC cells

Flow cytometric analysis revealed that knock-
ing down LARP1 in CAL-62 and KHM-5M cells 
led to significant changes in cell cycle distribu-
tion. Specifically, there was a marked accumu-
lation of cells in the G2/M phase compared to 
controls (Figure 4A). Statistical analysis con-
firmed this G2/M phase arrest was significant 
(P < 0.05), suggesting that diminished LARP1 
expression interferes with normal cell cycle pro-
gression, causing cells to arrest at the G2/M 
checkpoint (Figure 4B).

This finding indicates that LARP1 is essential 
for controlling the cell cycle in ATC cells, under-
scoring its promise as a target for therapy by 
disrupting cell cycle advancement and hinder-
ing the growth of ATC cells.

LARP1 knockdown reduces migration rate and 
invasive ability of ATC cells

Transwell migration assays were performed on 
CAL-62 and KHM-5M cell lines to evaluate how 
reducing LARP1 affects the ability of ATC cells 
to migrate. Cell migration was observed and 
quantified using the EVOS M7000 imaging sys-
tem. The findings showed a notable decrease in 
the movement speed of CAL-62 and KHM-5M 
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Figure 2. LARP1 expression in CAL-62 and KHM-5M. Knockdown of LARP1 inhibits the proliferation and colony for-
mation of CAL-62 and KHM-5M cells. A. RT-qPCR analysis revealed changes in LARP1 mRNA levels in CAL-62 and 
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KHM-5M cells upon LARP1 knockdown (mean ± SD) (n = 3 independent replicates each group, **** indicates P < 
0.0001, compared with control). B. Western blot validation demonstrated a significant decrease in LARP1 protein 
expression in ATC cells following transfection with LARP1-specific siRNA. C. Downregulating the expression of LARP1 
inhibited the proliferation of ATC cells by CCK8 assays (n = 3). D. Inhibition of LARP1 resulted in decreased cell 
growth in CAL-62 and KHM-5M, as shown by colony formation tests. E. Statistical analysis chart for colony formation 
experiment (n = 3, **** indicates P < 0.0001 compared with control).

Figure 3. Apoptosis occurred in thyroid an-
aplastic carcinoma cells following LARP1 
gene knockdown. A. Both CAL-62 and 
KHM-5M cells displayed morphological al-
terations suggesting cell apoptosis follow-
ing gene suppression, Bar = 125 μm; in the 
lower left inset, Bar = 50 μm; images were 
taken at 20× magnification. B. Cell apop-
tosis was detected using flow cytometry. C. 
The overall proportion of cells undergoing 
apoptosis in each sample was determined 
by adding together the number of cells in 
early apoptosis and late apoptosis (n = 3, 
every group carried out three independent 
replicate experiments, **** indicates P < 
0.0001, compared with control).
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Figure 4. Reducing the expression of the LARP1 gene has an impact on the 
cell division process in ATC cells. A. Flow cytometry was employed to exam-
ine the cell cycle of CAL-62 and KHM-5M cell lines with LARP1 knockdown. 
LARP1 knockdown resulted in cell cycle arrest at the G2/M phase distribu-
tion. B. The statistical results were based on three independent experiments 
(n=3), there is no substantial variance. *P < 0.05, **P < 0.01, ***P < 
0.001, compared with control.
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cells after LARP1 knockdown, in contrast to 
control cells, suggesting a hindered ability to 
migrate (Figure 5A), the statistical analysis 
chart for the cell migration experiment is pre-
sented in Figure 5C. The results indicate that 
the involvement of LARP1 is essential in the 
movement of ATC cells.

In the same way, we confirmed the ability of 
CAL-62 and KHM-5M to invade after reducing 
LARP1 using Transwell assays. Significant 
decrease in invasive ability of both cell types 
observed after LARP1 knockdown, with fewer 
invading cells in knockdown group compared  
to controls, suggesting reduced invasiveness 

Figure 5. Impact of reducing LARP1 on the migration and invasion of thyroid tumor cells. A, B. Transwell assays 
showed reduced migration and invasion abilities of CAL-62 and KHM-5M cell lines following LARP1 depletion (tran-
swell assay; crystal violet staining; scale bars, 125 µm; magnification, 20×). C, D. Quantitative statistical graphs 
of migration and invasion experiments. n=3, each group conducted three independent replicate experiments. *** 
indicates P < 0.001, **** indicates P < 0.0001, compared with control.
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(Figure 5B), the statistical analysis diagram for 
the cell invasion experiment is shown in Figure 
5D. These findings underscore LARP1’s crucial 
role in ATC cell invasion, suggesting that its inhi-
bition could reduce the invasiveness and meta-
static potential of these cells.

LARP1 knockdown reduces epithelial-mesen-
chymal transition (EMT) progression of ATC 
cells

LARP1 knockdown in KHM-5M and CAL-62 ATC 
cell lines resulted in a notable change in EMT 
markers, as evidenced by Western blot analy-
sis. In LARP1-depleted cells, the levels of Occ- 
ludin and E-cadherin, which are epithelial mark-
ers, were significantly increased compared to 
the negative control (NC) group. Conversely, the 
levels of mesenchymal marker Fibronectin was 
substantially decreased (Figure 6). Fibronectin 
was selected as the key mesenchymal marker 
due to its well-established role in ATC metasta-
sis. Previous studies have demonstrated that 
Fibronectin overexpression is significantly ass- 
ociated with extrathyroidal invasion and distant 
metastasis in ATC [20]. Additionally, the expres-
sion levels of LARP1 and E-cadherin have been 
shown to correlate closely with tumor TNM 
stage and lymph node metastasis [21]. Alth- 
ough antibodies against N-cadherin and Vi- 
mentin were tested, these markers were ulti-
mately excluded from analysis due to the pres-
ence of nonspecific bands in ATC lysates. 
Western blot assays employing established 
EMT markers demonstrated that suppression 
of LARP1 led to decreased Fibronectin levels 
alongside increased expression of epithelial 
markers E-cadherin and Occludin. This pattern 
confirms a reversal of the epithelial-mesenchy-

able tumors, making ATC one of the most  
clinically challenging cancers [23]. Due to its 
aggressive local growth, suffocation often 
occurs, leading to early mortality in ATC patients 
[24, 25]. At present, there is no established 
treatment that notably enhances the survival 
rates of individuals with ATC [26]. Hence, it is 
crucial to discover novel molecular indicators 
and create successful therapeutic approaches 
for ATC. Our study provides important insights 
into the role of LARP1 in ATC expression and 
progression. Through immunohistochemical 
analysis of 10 PTC samples, paracancerous tis-
sues, and 6 ATC samples, we observed that 
LARP1 was highly expressed in all ATC tissues, 
with levels significantly higher than those in 
PTC tissues. This finding suggests that LARP1 
may contribute to the invasive behavior of ATC.

Our study provides novel insights into the role 
of LARP1 in ATC progression. Immunohisto- 
chemical analysis of 10 PTC samples, adjacent 
tissues, and 6 ATC samples revealed uniformly 
high LARP1 expression in ATC tissues, signifi-
cantly exceeding levels observed in PTC. This 
suggests that LARP1 may contribute to the 
aggressive invasive phenotype of ATC. Pro- 
teomic data corroborated these findings, show-
ing significantly elevated LARP1 protein levels 
in ATC compared to PTC. Although limited by the 
rarity of ATC samples (n = 6), clinical pathologi-
cal analysis confirmed consistent high expres-
sion of LARP1 in ATC tumor cells. LARP1 expres-
sion was elevated in both PTC and ATC relative 
to normal thyroid tissue, but markedly higher in 
ATC, supporting its role in thyroid cancer patho-
genesis. ATC is widely recognized as a poorly 
differentiated and highly aggressive thyroid 
cancer subtype, in contrast to the generally 

Figure 6. Expression of EMT-related proteins after LARP1 knockdown in 
KHM-5M and CAL-62 cell lines. Western blot analysis was performed to as-
sess the levels of Fibronectin, E-cadherin and Occludin in all experimental 
groups.

mal transition process. These 
results underscore the pivotal 
role of LARP1 in modulating 
EMT in ATC cells, potentially 
influencing their invasive and 
metastatic capabilities.

Discussion

ATC is one of the most aggres-
sive human malignancies, ch- 
aracterized by rapid onset, 
extensive local invasion, and 
frequent distant metastases 
at diagnosis [22]. Many pa- 
tients present with unresect-
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less aggressive and well-differentiated PTC [27, 
28]. LARP1 has been implicated as an onco-
genic factor in other malignancies, where its 
expression correlates with tumor invasiveness 
and differentiation status [17]. Our findings 
suggest that the overexpression of LARP1 in 
ATC, as contrasted with PTC, aligns with the 
known association of LARP1 with a more 
aggressive cancer phenotype. 

Functional assays corroborated these observa-
tions. Silencing LARP1 in ATC cell lines resulted 
in significant reductions in proliferation, colony 
formation, migratory, and invasive capabilities. 
These results suggest that LARP1 plays a cen-
tral role in driving the malignant behavior of ATC 
cells. Additionally, flow cytometric analyses 
revealed enhanced apoptosis and cell cycle 
arrest upon LARP1 knockdown, further sup-
porting its oncogenic role in ATC.

The observed G2/M arrest may be explained by 
impaired translation of 5’TOP mRNAs depen-
dent on LARP1, leading to nucleotide depletion 
and DNA replication stress, which activates the 
ATR-Chk1 pathway and disrupts mitotic regula-
tor synthesis [29]. Further detailed mechanistic 
studies employing CRISPR/Cas9 gene editing 
are warranted to elucidate this pathway.

This study identified a consistent overexpres-
sion of LARP1 in all examined ATC tissues (6/6 
cases), distinguishing it markedly from current-
ly established biomarkers in the field of ana-
plastic thyroid carcinoma. For instance, the 
BRAF V600E mutation, a well-known oncogenic 
driver in thyroid cancer, is detected in approxi-
mately 25% of ATC cases, with its prognostic 
value varying considerably due to tumor hetero-
geneity [30]. In 2018, the U.S. Food and Drug 
Administration (FDA) approved the combined 
use of dabrafenib and trametinib for the treat-
ment of locally advanced, unresectable, or met-
astatic ATC harboring the BRAFV600E muta-
tion; however, clinical outcomes have remained 
suboptimal [31, 32].

Similarly, although PD-L1 expression correlates 
with response to immunotherapy, its positivity 
rate in ATC is approximately 30%, and evalua-
tion of anti-PD-1 antibody efficacy in patients 
with locally advanced and/or metastatic ATC 
revealed an overall response rate of 19%, 
observed exclusively in patients with PD-L1-
positive tumors [33]. In contrast, the universal 

high expression of LARP1 in our cohort (100%) 
combined with its dual regulatory roles in epi-
thelial-mesenchymal transition (via suppres-
sion of Fibronectin) and cell proliferation 
(through induction of G2/M phase arrest) posi-
tion it as a more robust and functionally inte-
grative biomarker for ATC.

Western blot analysis demonstrated that 
LARP1 knockdown markedly downregulated 
the mesenchymal marker Fibronectin while 
upregulating the epithelial markers E-cadherin 
and Occludin (Figure 6), indicating a critical 
regulatory role of LARP1 in the epithelial-mes-
enchymal transition process. Previous studies 
in ovarian cancer have shown that LARP1 pro-
motes EMT by binding to and stabilizing Snail 
mRNA [34]. In ATC, LARP1 may exert similar 
effects on EMT-related transcripts. Further- 
more, the interaction between LARP1 and the 
mTOR signaling pathway-an established regula-
tor of EMT [17]-may synergistically enhance 
downstream pro-invasive signaling. Although 
this study did not directly validate these inter-
actions, the observed reversal of EMT markers 
strongly implicates LARP1’s mechanistic invo- 
lvement. Future investigations will focus on elu-
cidating LARP1’s RNA targets and its cross-reg-
ulatory roles within signaling pathways.

These results imply that LARP1 could serve as 
a valuable molecular marker for ATC. Our find-
ings are consistent with previous studies on the 
role of LARP1 in cancer progression, although 
this is the first comprehensive report address-
ing its role in ATC. The high expression of LARP1 
in ATC tissues compared to PTC underscores its 
potential as a biomarker specific to this aggres-
sive thyroid cancer subtype.

ATC is a highly aggressive and fatal thyroid can-
cer within the broader category of head and 
neck tumors, where early diagnosis and inter-
vention are critical [35, 36]. Given the rapid 
advancements in artificial intelligence (AI) with-
in the field of head and neck tumors, neural 
networks (NNs), particularly convolutional neu-
ral networks (CNNs), could be employed for 
both macro- and microscopic tumor detection 
[37]. In future studies, CNNs may be utilized to 
improve the diagnostic accuracy of immunohis-
tochemical analysis, enabling earlier interven-
tion and more personalized therapeutic strate-
gies by enhancing the detection of LARP1 
expression levels in ATC tissues.



LARP1 drives malignant progression and EMT in ATC

3000	 Am J Cancer Res 2025;15(7):2988-3002

Due to the low incidence of ATC and the rapid 
progression of the tumor, most patients were 
already in advanced stages and lost the oppor-
tunity for surgery by the time of consultation, 
resulting in a limited window for treatment and 
survival times of only 3-6 months [25, 38]. 
Consequently, the number of samples available 
for analysis was very limited. Although our hos-
pital admitted more ATC patients than most 
other hospitals, the sample size was still insuf-
ficient for robust statistical analysis. The statis-
tical approach in this study was specifically tai-
lored to address the rarity of ATC. Non-par- 
ametric tests (Mann-Whitney U test) were 
employed to minimize assumptions regarding 
the distribution of the small sample size (n = 6 
ATC tissues). However, it is important to 
acknowledge that the limited sample size may 
reduce the statistical power to detect subtle 
effect sizes, increasing the risk of type II errors, 
and may constrain the generalizability of the 
findings to the broader ATC population. There- 
fore, these results should be interpreted with 
caution until validated in larger cohorts. Future 
investigations involving multicenter studies 
with standardized sampling protocols are war-
ranted to confirm the diagnostic universality of 
LARP1.

Our study emphasizes the critical role of LARP1 
in ATC progression and suggests that LARP1 
may be a promising therapeutic target. Future 
research should focus not only on conducting 
more in-depth mechanistic and in vivo studies 
to validate the potential of targeting LARP1 in 
ATC therapy but also on leveraging AI technolo-
gies to advance these investigations.
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