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Abstract

Objective

Endothelial specific molecule-1 (ESM1) is implicated as an oncogene in multiple human
cancers. However, the function of ESM1 in papillary thyroid cancer (PTC) is not well under-
stood. The current study aimed to investigate the effect of ESM1 on the growth, migration,
and invasion of PTC to provide a novel perspective for PTC treatment.

Methods

The expression levels of ESM1 in PTC tissues form 53 tumor tissue samples and 59 match-
ing adjacent normal tissue samples were detected by immunohistochemical analysis.
Knockdown of ESM1 expression in TPC-1 and SW579 cell lines was established to investi-
gate its role in PTC. Moreover, cell proliferation, apoptosis, wound healing, and transwell
assays were conducted in vitro to assess cell proliferation, migration and invasion.

Results

The findings revealed that ESM1 expression was significantly higher in PTC tissues than
that found in paraneoplastic tissues (P<0.0001). Knockdown of ESM1 expression inhibited
the proliferation, migration, and invasion of TPC-1 and SW579 cells in vitro. Compared with
the control group, the mRNA and protein levels of ESM1 in PTC cells were significantly
reduced following knockdown of its expression (P<0.01). In addition, ESM1-knockdown
cells indicated decreased proliferation and decreased migratory and invasive activities
(P<0.01, P<0.01, P<0.001, respectively).

Conclusions

ESM1 was identified as a major gene in the occurrence and progression of PTC, which
could increase the proliferation, migration, and invasion of PTC cells. It may be a promising
diagnostic and therapeutic target gene.
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Introduction

Thyroid cancer, with an estimated 586,202 new cases worldwide in 2020 alone, stands as a sig-
nificant public health concern [1]. Its incidence, particularly in affluent regions, has experi-
enced a marked increase, attributed to improved detection methods and environmental
factors [2]. The disease is multifactorial, with a complex interplay between genetic predisposi-
tions and various environmental factors, such as exposure to carcinogens, dietary patterns,
and lifestyle choices [3]. Despite the prominence of surgery, supplemented by radiotherapy or
drug therapy, as the primary treatment modalities, these approaches do not guarantee freedom
from recurrence or metastasis, which are common postoperative complications that signifi-
cantly compromise quality of life [4]. Therefore, there is a need to develop supportive alterna-
tive diagnostic and therapeutic approaches.

Endocan, known formally as Endothelial Cell-Specific Molecule-1 (ESM1), is a dermatan
sulfate proteoglycan first identified in a cDNA library from human endothelial cells in 1996.
This soluble 50 kDa proteoglycan, constituted by 165 amino acids and a single dermatan sul-
fate chain, can be detected circulating in the bloodstream [5]. It is noteworthy for its role in
the pathogenesis of various cancers, where its overexpression is closely tied to tumor growth,
progression, and angiogenesis. In colorectal, gastric, and hepatocellular carcinomas, ESM1 has
been found to significantly influence cell proliferation and migration, indicating its involve-
ment in the aggressive behavior of these malignancies [6-8]. However, the literature on
ESM1’s impact on thyroid cancer remains sparse, leaving its potential as a prognostic marker
and therapeutic target largely untapped.

The current study seeks to fill this void in the literature by utilizing sShRNA to knock down
ESML1 in thyroid cancer cell lines and conducting a comprehensive analysis of its role. We
measured ESM1 gene expression and evaluated its association with cell proliferation, apopto-
sis, migration, and invasion. Our aim is to provide a nuanced understanding of ESM1’s
involvement in thyroid cancer, which may facilitate its use as a significant biomarker for the
disease. The outcomes of these experiments are anticipated to constitute a foundational step
towards characterizing ESM1’s role in the etiology and progression of papillary thyroid carci-
noma, with broader implications for the development of innovative diagnostic and therapeutic
strategies.

Materials and methods

Source of specimens

From December 2020 to June 2021, 53 tumor tissue samples (confirmed by pathological diag-
nosis) and 59 matching adjacent normal tissue samples (at least 5 cm away from the tumor
edge) were collected from papillary thyroid carcinoma tissues extracted from patients who
underwent surgical resection in thyroid surgery in the Sichuan Provincial People’s Hospital.
The present study was subject to approval (approval no. 2020-203) by Sichuan Provincial Peo-
ple’s Hospital Ethics Committee and all patients provided informed consent. The patients
younger than 18 years old who received preoperative radiotherapy, chemotherapy, or biologi-
cal therapy were excluded. Postoperative TNM staging in all cases was made in accordance
with the international TNM staging standard (8th edition) formulated by the International
Union Against Cancer and the American Joint Committee on Cancer (UICC/AJCC) [9].

Immunohistochemical (IHC) analysis

Hematoxylin and eosin (H&E) staining was conducted on papillary thyroid carcinoma and
matched adjacent normal tissues for tumor diagnosis and the expression of ESM1 was detected
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by IHC analysis. The tissue sections were incubated with anti-ESM1 rabbit polygonal antibody
(cat. no. ab103590, Abcam) overnight at 4°C. The following day, the samples were incubated
with a secondary antibody (cat. no. A0208, Beyotime Institute of Biotechnology) at room tem-
perature for 60 min. ESM1 detection was performed by IHC. All slides were independently eval-
uated by two experienced pathologists. The IHC stain was described as a brown color in the
tumor cell cytoplasm. ESM1 expression levels were assessed by the immunoreactivity score,
which is equivalent to the percentage of positive cells multiplied by the staining intensity [10].

Cell culture

Human PTC cell lines (TPC-1, SW579 and BCPAP) and human thyroid follicular epithelial
cell line (Nthy-ori3-1) were obtained from YBR Bioscires (Shanghai, China). Dulbecco’s modi-
fied Eagle’s medium (DMEM, Corning) mixed with 10% fetal bovine serum (FBS, Ausbian),
100 U/mL penicillin (Gibco), and 100 pg/mL streptomycin (Gibco) was utilized for cell cul-
ture. Cells were incubated at 37°C with 5% CO, in a humidified atmosphere.

Knockdown of ESM1 expression in thyroid cancer cells

shRNA interference technology was used in this experiment. The specific interference
sequence used targeting ESM1-1 was the following: 5'-ATGAGGAAATGGTTAAATCCA-3; the
exclusive interference sequence of ESM1-2 was as follows: 5'-TGGCAATATTGTGAGAGAAGA-
3; the exclusive interference sequence of ESM1-3 was as follows: 5'-GGCCGCCTGGAGCAA
TAATTA-3. The aforementioned ESM1 target fragments were inserted into the Age | and
EcoR I sites of the BR-V108 vector to construct the lentivirus (LV)-ESM1-green fluorescent
protein (GFP)-shRNA interference group (LV-shESM1) and the LV-Ctrl-GFP-shRNA nega-
tive control group (LV-shCtrl). These reagents were purchased from Shanghai Yiberui Bio-
medical Technology Co., Ltd.; the positive clones were screened and identified.

Prior to the infection, TPC-1 and SW579 cells in the logarithmic growth phase were incu-
bated in 6-well plates at a density of 2x10° cells and cultured in a cell incubator. The cells that
were 60% confluent were used for the interference experiments. The cells were split into the
negative control and experimental groups and were infected with LV-shESM1 and LV-shCtrl
respectively. A total of 8 and 4 pl of retroviral sample was incubated with a concentration of
3x10® TU/ml and used to infect TPC-1 and SW579 cells. Following 72 h of incubation, the
expression of GFP in TPC-1 and SW579 cells was observed using a fluorescence microscope,
and the infection efficiency was calculated.

Total RNA isolation and cDNA synthesis

The cells were seeded at a density of 1x10° cells in 12-well plates in 1 ml culture medium with-
out antibiotics. ShRNA was transfected into the cells, which were incubated for 48 h. The cells
were washed twice with 1x phosphate-buffered saline (PBS) and total RNA was separated with
Trizol (Sigma-Aldrich; Merck KGaA) depending on the manufacturer’s instructions. A total of
1 pg RNA was reverse transcribed using oligo (dT) primers and the Transcript High-Fidelity
c¢DNA Synthesis Kit (Vazyme Biotech Co., Ltd.). The following conditions were used: Incuba-
tion at 29°C for 10 min, 48°C for 60 min, and 85°C for 5 min according to the manufacturer’s
instructions.

Reverse transcription-quantitative PCR (RT-qPCR)

RT-qPCR analysis was performed using the Bio-Rad CFX Connect fluorescent quantitative
PCR instrument (Bio-Rad Laboratories, Inc.). The PCR mix consisted of 2x QuantiTect SYBR
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Green PCR Master Mix (Vazyme Biotech Co., Ltd.) containing DNA polymerase, SYBR Green
I dye, ANTP mix including dUTP, 5 mM MgCl,, PCR buffer, 20 pmol forward and reverse
primers and RNase. Free water and cDNA were mixed in the samples in a total volume of

25 pl. The housekeeping gene GAPDH was used for normalization. The following PCR condi-
tions were used: Initial denaturation at 95°C for 5 min followed by 42 cycles of amplification;
each cycle consisted of a denaturation step at 95°C for 30 sec, an annealing step at 58°C for 30
sec, and a polymerization step at 72°C for 1 min. The final stage included polymerization at
72°C for 5 min. The following sequences were used for amplification: GAPDH FP, 5’-TGA
CTTCAACAGCGACACCCA-3, RP, 5-CACCCTGTTGCTGTAGCCAAA-3’ (121 bp); ESM1 FP
5- TGACAGCAGTGAGTGCAAAAGC-3’, RP 5’-TGCCATCCATGCCTGAGACT-3’ (128 bp). To
verify the size of the amplified fragments, the PCR products were separated by 2.0% agarose
gel electrophoresis and visualized with ethylene bromide.

Protein separation and western blot analysis

The cells were seeded at a density of 3x10° cells in 6-well plates containing 2 ml of medium
without antibiotics. The shRNA sequences were transfected following 48 h of culture; the cells
were washed twice with ice-cold PBS and removed from the plate. The cells were enclosed in
250 pl protease inhibitor cocktail. The protein concentration of the cell extracts was established
by the Bradford assay (HyClone; Cytiva/Pierce; Thermo Fisher Scientific, Inc.). A total of

20 g total protein was used for western blot analysis. A total of 30 pl of each sample was
mixed with 10 pl 4x SDS sample buffer and SDS-PAGE was performed using a 10% polyacryl-
amide gel. Electrophoresis was performed at 100 and 240 V for 5 and 17 min, respectively uti-
lizing a protein electrophoresis instrument (Shanghai Tianneng). Following electrophoresis,
the proteins were transferred to a polyvinylidene fluoride membrane (MilliporeSigma) using a
protein transfer apparatus (Shanghai Tianneng) in Tris-buffered saline containing 5%
skimmed milk powder and containing 0.05% Tween 20 (TBS-T) for 30 min. The membranes
were hybridized with an anti-ESM1 antibody (cat. no. ab103590, Abcam) [11] or an anti-
GAPDH antibody (cat. no. 60004-1, Proteintech) [12] overnight at 4°C. Following washing
three times with TBS-T for 5 min at room temperature, the membranes were incubated with
anti-mouse and anti-rabbit IgG, horseradish peroxidase-conjugated secondary antibody (cat.
no. A0216; A0208; Beyotime Institute of Biotechnology) for 40 min at room temperature. The
membranes were subsequently washed three times with TBS-T for 5 min at room temperature
and at last developed by using the enhanced chemiluminescence system (ECL; Bio-Rad Labo-
ratories, Inc.).

Cell growth activity assay

To determine cell viability, the cells were prepared and transformed as described above. The
absorbance values were measured following transfection to assess the effect of ESM1 knock-
down on cell viability. TPC-1 and SW579 cells were uniformly incubated in 96-well plates at
5x10” cells, and each well was developed with 5 replicate wells. After culturing for 1, 2, 3, 4,
and 5 days respectively, MTT was added to each well at a final concentration of 5 mg/ml, and
the cells were further incubated at 37°C for 4 h. Dimethyl sulfoxide (100 ul) was added to each
well after removing the medium. After shaking the plates for 5 min, the absorbance of the mix-
ture was measured at 570 nm with a spectrophotometer.

Cell proliferation and apoptosis assay

The aforementioned cells were incubated in 6-well plates. The cells were collected following 48
h of culture, washed twice with pre-cooled D-Hanks solution, and fixed with 70% ethanol
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overnight at 4°C. Each group was centrifuged at 1,000xg for 5 min, washed with D-Hanks
solution, stained with 1 ml PI staining solution (Sigma-Aldrich; Merck KGaA), and incubated
at room temperature in the dark for 30 min. Cell proliferation was analyzed by flow cytometry
(MilliporeSigma, Guaveasy Cyte HT).

The apoptotic rate was evaluated using the Annexin V-FITC/propidium iodide (PI) Apo-
ptosis Detection kit (Sigma-Aldrich; Merck KGaA) according to the instructions provided by
the manufacturer. The cells were seeded into 6-well culture plates (4x10” cells). Following
treatment, the cells were collected, washed with PBS, and resuspended in 500 pl binding buffer.
Subsequently, 5 pl Annexin V-FITC and 5 pl PI were added to the buffer and incubated at
room temperature for 15 min in the dark. The cells were analyzed by flow cytometry
(MilliporeSigma).

Transwell assay

The cells (1x10°) were seeded into 6-well plates. When the cell density reached 100%, the wells
were scraped vertically along the central axis with a 1 ml pipette tip to wash away the detached
cells. The 6 or 24 h wound healing status was imaged under a light microscope and the percent
wound area was calculated.

Migration assay

TPC-1 and SW579 cells (2x10° cells/ml) were seeded into transwell plates. A total of 200 l cell
suspension was added to each chamber; the upper and lower transwell chambers were incu-
bated for 24 h with serum-free medium and 600 ul medium containing 10% FBS, respectively.
The cells were fixed with methanol and stained with crystal violet. At last, the assay was com-
pleted by measuring the number of migrated cells.

Invasion assay

A protocol similar to the migration assay was used, with the exception that the transwell units
were pre-coated with 200 pg/ml Matrigel (Sigma-Aldrich; Merck KGaA) and incubated
overnight.

Statistical analysis

The experimental data were analyzed using SPSS 21.0 software. All results were supported by
at least three independent experiments. The measurement data were expressed as

mean + standard deviation (x * s) and the distribution abnormalities or variance heterogeneity
were analyzed by Mann Whitney test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

ESM1 gene expression in cancerous and paraneoplastic tissues of the
thyroid

Among 53 patients with PTC, the expression levels of the EMS1 gene in thyroid cancer tissues
were markedly higher than those noted in adjacent tissues (P<0.0001; Table 1 and Fig 1).
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Table 1. Expression patterns in PTC tissues and para-carcinoma tissues revealed in immunohistochemistry analysis.

EMS1 expression Tumor tissue Para-carcinoma tissue p value
Cases Percentage Cases Percentage 0.000***
Low 22 41.5% 59 100.0%
High 31 58.5% 0 -

https://doi.org/10.1371/journal.pone.0298631.t001

Determination of ESM1 expression in thyroid cancer cells and
identification of effective interference targets

RT-qPCR analysis was used to detect the baseline expression of ESM1 in Nthy-ori 3-1,
SW579, TPC-1, and BCPAP cells (Fig 2A). The expression levels of the ESM1 gene in SW579,
TPC-1, and BCPAP cells were relatively high (P<0.05). The levels were notably high in TPC-1
cells. Therefore, the TPC-1 cell line was utilized to carry out endogenous screening experi-
ments based on three different designed shESM1 sequences (Fig 2B). The results of the RT-
qPCR analysis indicated that the knockdown efficiency of shESM1-3 on ESM1 was higher and
reached 80.4% (P<0.001). Therefore, the retroviral vector expressing sShESM1-3 was selected
as a gene knockdown tool in subsequent experiments.

Knockdown efficiency of thyroid cancer cells

Following selection of the TPC-1 and SW579 cells as the main cell lines of investigation, the
retroviral vector shESM1-3 and the blank vector sh control (Ctrl) were designed and con-
structed. ShESM 1 was used to knockdown ESM1 expression and shCtrl was used as the corre-
sponding negative control. The imaging method was used to detect the cell infection
efficiency, and the detection of the fluorescent signal of the GFP tag on the retroviral vector
indicated that the transfection efficiency of all groups exceeded 80% (Fig 3A and 3D).

The knockdown efficiency of TPC-1 and SW579 cells was verified by RT-qPCR and western
blot analyses. The results of the RT-qPCR analysis indicated that following retroviral infection,
the knockdown efficiency of ESM1 in the shESM1 group in TPC-1 cells was 81.07% compared
with that of the shCtrl group (P<0.01; Fig 3B). Among them, the knockdown efficiency of
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Fig 1. Inmunohistochemistry of PTC tissues and paraneoplastic tissues (observed under light microscope: x400). A: paraneoplastic tissue; B:
thyroid cancer tissue.

https://doi.org/10.1371/journal.pone.0298631.9001
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Fig 2. EMS1 expression in PTC and the results of effective interference target screening. A: The expression of ESM1 gene was higher in
SW579, TPC-1 and B-CPAP cells than in Nthy-ori 3-1 cells. B: The endogenous screening experiments on shESM1 sequences designed with
three different targets in TPC-1 cells showed that shESM1-3 had a higher knockdown efficiency on ESM1 than the control group. *P < 0.05,
**P< 0.01, *** P <0.001.

https://doi.org/10.1371/journal.pone.0298631.9002

ESM1 in the shESM1 group of SW579 cells was 85.88% (P<0.01; Fig 3E). The results of the
western blot analysis indicated that the ESM1 protein levels in the shESM1 group in TPC-1
and SW579 cells were downregulated compared with those of the shCtrl group following retro-
viral infection. (Fig 3C and 3F).
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A
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Fig 3. Results of knockdown efficiency of ESM1 in TPC-1 and SW579 cell lines. A: The efficiency of TPC-1 cell infection by detecting the fluorescent
signal of the GFP tag carried by the ESM1 knockout retroviral vector shESM1. B: After lentivirus infection, ESM1 expression in TPC-1 cells was
significantly reduced in the sShESM1 group compared with the shCtrl group. C: The results of Western blot showed that the ESM1 protein level of TPC-1
cells in the shESM1 group was down-regulated compared with the shCtrl group after retrovirus infection. D: The efficiency of SW579 cell infection by
detecting the fluorescent signal of the GFP tag carried by the ESM1 knockout retroviral vector shESM1. E: After lentivirus infection, ESM1 expression in
SW579 cells was significantly reduced in the sShESM1 group compared with the shCtrl group. F: The results of Western blot showed that the ESM1 protein
level of SW579 cells in the shESM1 group was down-regulated compared with the shCtrl group after retrovirus infection. **P< 0.01. SI Raw images.

https://doi.org/10.1371/journal.pone.0298631.9003
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time. D: Comparison of the fold change in absorption rate of SW579 cells at wavelength 570 nm with time.

https://doi.org/10.1371/journal.pone.0298631.9004

Proliferation assay

The MTT assay was utilized to detect the effects of knockdown of ESM1 expression on the pro-
liferative ability of thyroid cancer cells. The absorbance of the control group continued to rise
from day 1 to day 5, while the absorbance of the sShESM1 group in TPC-1 and SW579 cells was
increased from day 1 to day 3 and subsequently it was decreased from day 3 to day 5. More-
over, the number of thyroid cancer cells in the shESM1 groups was significantly lower than
that in the control group from day 4 to day 5 (P<0.01; Fig 4). The data indicated that the cell
proliferative abilities of TPC-1 and SW579 cells were markedly inhibited following knockdown
of ESM1 expression.

Apoptosis and cell cycle distribution assay

Flow cytometry was used to identify the effects of knockdown of ESM1 expression on apopto-
sis and the cell cycle distribution of thyroid cancer cells. The apoptotic rates of TPC-1 and
SW579 cells were examined following their transfection with shESM1 and the data indicated
that they were markedly higher than those of the control group (P<0.01; Figs 5-10).
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Fig 5. Two-dimensional graph of flow cytometry showed that ESM1 knockdown significantly promoted apoptosis in TPC-1 cells.
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Fig 6. G2 phase arrest was observed in TPC-1 cells after ESM1 knockdown by flow cytometry.
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Compared with the shCtrl group, the number of the cells in the S phase was decreased in the
shESM1 groups of TPC-1 and SW579 cells, (P<0.01 and P<0.001, respectively). However, the
number of cells in the G2 phase was increased (P<0.01 and P<0.001, respectively; (Figs 5-10).
The data indicated that knockdown of ESM1 expression in TPC-1 and SW579 cells could sig-
nificantly promote cell apoptosis and cause cells to undergo G2 phase arrest.

Cell migration assay

The scratch assay was used to detect the effects of knockdown of ESM1 expression on the
migratory ability of thyroid cancer cells. The migratory activity of TPC-1 cells was decreased
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Fig 8. Two-dimensional graph of flow cytometry showed that ESM1 knockdown significantly promoted apoptosis in SW579 cells.
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by 83% at 6 h following their treatment with shESM1 (P<0.01). In SW579, the cell migratory rate
of the shESM1 group was decreased by 34% at 24 h (P<0.05). The results indicated that the
migratory ability of cells was dramatically inhibited following knockdown of ESM1 expression in
TPC-1 and SW579 cells (P<0.05). Concomitantly, the transwell assay was utilized to detect the
effect of knockdown of ESM1 expression on the invasive and metastatic ability of thyroid cancer
cells. In TPC-1 cells, the invasive and metastatic rate of the shESM1 group was <66% than that of
the shCtrl group (P<0.001). In SW579 cells, the invasive and metastatic rate of the shESM1

group was decreased by 58% compared with that of the shCtrl group (P<0.001). The results indi-
cated that following knockdown of ESM1 expression in TPC-1 and SW579 cells, the invasive abil-
ity of the cells was significantly inhibited (P<0.001; Figs 11 and 12).
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Fig 10. Apoptosis and cell cycle results of SW579 cell lines. A: The apoptosis rate of the ssESM1 group in SW579 cells was markedly higher than
that of the control group. B: Compared with shCtrl group, SW579 cells of sShESM1 group decreased in S phase and increased in G2 phase. **P<
0.01, *** P <0.001.

https://doi.org/10.1371/journal.pone.0298631.9010
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Discussion

Thyroid cancer, particularly papillary thyroid carcinoma (PTC), is noted for its aggressive
metastasis, creating substantial challenges in treatment. While surgical resection, radioactive
iodine therapy, and thyroxine replacement therapies have improved patient outcomes, these
standard interventions do not always fully eradicate the disease. Recurrence remains a signifi-
cant issue, often leading to a deterioration in the quality of life for patients [13-15]. This issue
underlines the critical necessity for novel therapeutic approaches. Recent molecular studies
have shed light on the promise of targeted gene therapy in the management of cancer, offering
hope for more effective treatments. One such molecular target that has received increasing
attention in oncology is Endothelial cell-specific molecule-1 (ESM1). This molecule has been
implicated in various cancers due to its role in mediating inflammation and angiogenesis. Ele-
vated levels of ESM1 have been consistently linked to the altered immune environment of
tumor vasculature and increased angiogenesis, essential to tumor growth and metastatic
spread [16, 17]. However, the precise relationship between ESM1 and the proliferation and
migration of thyroid cancer cells, particularly in PTC, has been insufficiently explored.

Our study aims to fill this research void by revealing that ESM1 levels are significantly
higher in thyroid cancer tissues, including PTC, compared to adjacent non-tumorous tissues.
By applying RNA interference techniques, specifically shRNA, we have elucidated the func-
tional role of ESM1 in thyroid cancer. Our findings show that ESM1 significantly contributes
to the proliferation and migration of tumor cells. Furthermore, the knockdown of ESM1 effec-
tively impedes the growth, migration, and invasion of thyroid cancer cells, indicative of the
therapeutic potential observed in other forms of cancer [18-20]. The study notably signifies
the first in-depth exploration of ESM1’s role in PTC, emphasizing its overexpression and criti-
cal involvement in cell proliferation and migration. Following ESM1 inhibition via shRNA, we
observed decreased cellular growth and increased apoptosis rates, supporting ESM1’s value as
a therapeutic target [21-24]. The profound impact of ESM1 knockdown on cellular mecha-
nisms not only bolsters its position as a viable prognostic biomarker but also as a potential
therapeutic agent in thyroid cancer. Such outcomes reflect the tumor-suppressive effects com-
monly pursued in cancer research and validate the direction of future investigations. Crucially,
PTC is driven by well-characterized oncogenic pathways, such as mutations in the BRAF and
RAS genes and rearrangements in RET/PTC, which activate the MAPK/ERK and PI3K/Akt
signaling cascades [25]. These pathways are central to the proliferation, survival, and invasion
of cancer cells and have been the focus of targeted therapy development [26]. The aberrant
expression of ESM1 in PTC could potentially interact with these oncogenic drivers, exacerbat-
ing tumor aggressiveness and resistance to standard therapies. By elucidating the role of ESM1
in these pathways, we open new insights into the molecular etiology of PT'C and identify
potential intervention points for more effective treatments.

Integrating the current standard of care with novel targeted therapies could enhance the
management of PTC. For instance, patients who do not respond to radioactive iodine due to
dedifferentiation of cancer cells or those who experience significant side effects from standard
treatments might benefit from a more personalized approach that includes ESM1-targeted
therapies. In light of our findings, ESM1 appears to be a key regulator of thyroid cancer cell
biology and could be an invaluable addition to the therapeutic arsenal against PTC, potentially
improving patient outcomes and quality of life. Furthermore, the biomarker potential of ESM1
in thyroid cancer diagnosis and prognosis has become increasingly apparent [27]. This
diverges from its previously established pro-cancerous role in other malignancies, indicating a
more nuanced role for ESM1 in cancer biology. Our study propels ESM1 to the forefront of
the discussion on thyroid cancer treatment, suggesting that monitoring ESM1 expression
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could serve not only as a means of gauging disease progression but also as a guide for custom-
izing patient-specific treatment plans.

The present study elucidates the role of ESM1 in PTC and suggests potential therapeutic
implications. However, several limitations warrant attention and suggest directions for future
research. Firstly, the sample size utilized in this study was relatively small, which may limit the
robustness and the generalizability of our findings. The samples were potentially drawn from a
specific demographic or geographical area, which could further limit the applicability of the
results across different populations. To corroborate the utility of ESM1 as a therapeutic target,
subsequent research should endeavor to include a larger and more diverse cohort of patients,
enhancing the external validity of the findings. Secondly, this investigation was conducted in
vitro, and while it demonstrated that ESM1 inhibition could attenuate the proliferation and
migration of thyroid cancer cells, the clinical relevance of these findings remains to be estab-
lished. The absence of in vivo validation and the lack of corroborative data from clinical trials
mean that the therapeutic potential of targeting ESM1 in patients with PTC cannot be conclu-
sively asserted at this juncture. Future research should incorporate animal models and clinical
studies to substantiate the efficacy and safety profile of ESM1-targeted interventions. Thirdly,
although the study highlights the involvement of ESM1 in the pathophysiology of PTC and
delineates the downstream effects of ESM1 knockdown on tumor cell behavior, the intricate
interactions between ESM1 and established oncogenic pathways in PTC. A more detailed
mechanistic dissection of how ESM1 intersects with these pathways is necessary to fully under-
stand its role and to pinpoint precise molecular targets for intervention. Further studies are
imperative to dissect these molecular relationships and to validate the therapeutic targeting of
ESM1 within the broader oncogenic landscape of PTC.

Conclusions

In conclusion, this investigation highlights ESM1 as an emerging molecular player in the
pathology of PTC. By documenting its overexpression and mechanistic involvement in tumor
dynamics, the study provides a foundation for the therapeutic application of ESM1 inhibition.
The observed effects on cancer cell viability, migration, and morphological integrity following
ESM1 knockdown align with the therapeutic goals pursued in other cancer types, marking a
milestone in the journey towards targeted treatment strategies for thyroid cancer. As we
advance, it is imperative that future research continues to dissect the multifaceted role of
ESML1 in cancer biology, advocating for integrated studies across cancer types to solidify its
position as a broad-spectrum molecular target in oncology. Next, we will conduct a critical
experimental study on the mechanism of the inhibitory and apoptotic effects of ESM1 on thy-
roid tumors in detail based on the important data and findings of this paper, which will be pre-
sented in a separate article.
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