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Abstract

Thyroid cancer frequently undergoes dedifferentiation, progressing into poorly differentiated or
anaplastic carcinoma, which is characterized by therapeutic resistance and a poor prognosis. Epigenetic
dysregulation, particularly histone methylation, plays a critical role in this process. In this study, we
identify PRDM16 as an essential regulator of thyroid cancer differentiation. Mechanistically, we
demonstrate that PRDM16 catalyzes H3K9 monomethylation at the TRIM58 promoter region, thereby
enhancing TRIM58 transcription. Upregulated TRIM58 subsequently promotes ubiquitination and
degradation of MVP, leading to suppression of both the MAPK and PI3K/AKT signaling pathways and
maintenance of cellular differentiation. This PRDM16-TRIM58-MVP axis modulates proliferation,
epithelial-mesenchymal transition, and radioiodine uptake in thyroid cancer cells. Moreover, PRDM16
overexpression enhances the efficacy of MAPK inhibitor—induced redifferentiation therapy. Collectively,
these findings establish PRDMI6 as a novel tumor suppressor and potential therapeutic target, offering a
promising redifferentiation-based strategy for the treatment of advanced thyroid cancer.
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Introduction

Thyroid cancer is the most common endocrine
malignancy, and its incidence has been steadily
increasing worldwide over recent decades [1,2]. Most
cases are well-differentiated subtypes, such as
papillary thyroid carcinoma (PTC) and follicular
thyroid carcinoma (FTC), which generally have
favorable prognoses owing to their responsiveness to

conventional treatments, including surgical resection,
radioactive iodine (RAI) ablation, and
thyroid-stimulating hormone (TSH) suppression
therapy [3]. However, a subset of tumors undergoes
dedifferentiation, a process marked by the loss of
thyroid-specific ~ functions and morphological
features, leading to poorly differentiated thyroid

https://www.ijbs.com



Int. J. Biol. Sci. 2026, Vol. 22

4748

carcinoma (PDTC) or anaplastic thyroid carcinoma
(ATC). These aggressive forms are highly lethal,
exhibit a poor response to standard therapies, and are
associated with dismal outcomes [4,5].
Dedifferentiation represents a critical transition
in thyroid cancer, characterized by therapeutic
resistance and aggressive clinical behavior. During
this process, tumor cells progressively downregulate
thyroid hormone biosynthesis and developmental
regulators, including NIS, PAXS8, and NKX2-1,
thereby contributing to RAI refractoriness and
chemotherapy resistance [6,7]. Redifferentiation
therapy first achieved remarkable advances in the
treatment of acute promyelocytic leukemia, a disease
now curable through the combination of retinoic acid
and arsenic [8,9]. Furthermore, redifferentiation
therapy has also been explored in various solid
tumors, retinoic acid has been demonstrated to
reactivate NF-xB kinase subunit IKKA, promoting
differentiation in nasopharyngeal carcinoma and
neuroblastoma cells [10,11]. Therefore, by promoting
the redifferentiation of highly malignant, poorly
differentiated cancer cells, this approach has emerged
as a promising therapeutic avenue. In thyroid cancer,
aberrant activation of the MAPK and PI3K/AKT
signaling pathways contributes to tumor proliferation
and dedifferentiation, at least in part by repressing
iodide-handling genes such as NIS and
downregulating thyroid-specific transcription factors,
including PAX8 [12-15]. Targeted inhibition of the

MAPK  pathway, particularly through MEK
inhibitors, has been shown to  partially
restore NIS expression and resensitize

radioiodine-refractory thyroid cancer to RAI therapy,
highlighting redifferentiation therapy as a potential
breakthrough for advanced disease [16-18]. Despite
these advances, not all patients with
radioiodine-refractory thyroid cancer respond to
BRAF  inhibition or exhibit evidence of
redifferentiation [19,20], suggesting that additional
epigenetic mechanisms cooperate with signaling
pathways to determine the differentiation state of
thyroid cancer cells.

Epigenetic modifications play pivotal roles in
regulating gene expression and cell fate decisions.
Among epigenetic regulators, histone methylation
plays a pivotal role in tumorigenesis and tumor
progression [21]. By adding methyl groups to lysine
or arginine residues on histones, histone methylation
alters chromatin architecture and gene expression
[22]. Disruption of the balance between histone
methylation and demethylation contributes to
oncogenesis [23,24]. Increasing evidence shows that
histone = methylation-related  genes  regulate
differentiation in various cancers. For example,

KDM2B enrichment in pancreatic cancer correlates
with tumor grade and poor differentiation, while its
silencing abolishes tumorigenicity in poorly
differentiated cells [25]. Similarly, KDM5B expression
in leukemia promotes differentiation by suppressing
stemness-associated transcriptional programs [26].
Our previous work revealed that the histone
methyltransferase SETMAR, identified as the
top-ranked candidate in a correlation analysis
between histone methyltransferase expression and the
Thyroid Differentiation Score (TDS) in TCGA
patients, promotes thyroid cancer differentiation via
SMARCA2-mediated chromatin remodeling [27]. The
second-ranked candidate, PRDM16, however,
remains uncharacterized. Here, we aimed to elucidate
the role of PRDM16 in thyroid cancer differentiation.
PRDM16, a member of the PR-domain-
containing protein family, harbors a conserved
N-terminal PR domain and multiple zinc finger motifs
[28]. Its PR domain shares homology with the SET
domain, a characteristic of histone methyltransferases.

PRDM16 possesses intrinsic histone
methyltransferase  activity, = catalyzing  H3K9
monomethylation (H3K9mel) [29]. Beyond its

chromatin-modifying activity, PRDM16 can function
as a transcriptional regulator by forming complexes
with histone-modifying enzymes. Notably, PRDM16
has been reported to act as a tumor suppressor in
several malignancies [30-32].

In this study, we demonstrate for the first time
that PRDM16 acts as a histone methyltransferase to
maintain thyroid cancer cell differentiation. PRDM16
catalyzes H3K9mel modification, thereby promoting
the transcriptional activation of TRIMS58. As an E3
ubiquitin ligase, TRIM58 mediates the ubiquitination
and degradation of MVP, leading to suppression of
both MAPK and PI3K/AKT signaling pathways. This
PRDM16-TRIM58-MVP axis regulates
differentiation, proliferation, epithelial-mesenchymal
transition (EMT), and RAI uptake. Furthermore,
PRDM16 overexpression enhances sensitivity to
MAPK inhibitor-induced redifferentiation therapy.
These findings establish PRDM16 as a novel tumor
suppressor and a promising therapeutic target,
highlighting its potential in developing new
redifferentiation strategies for advanced thyroid
cancer.

Materials and Methods

Clinical Data and Tissue Samples

The study involved tumor tissue sections from
113 patients with complete medical records at Tianjin
Medical University Cancer Institute and Hospital,
including diagnosed cases of PTC, PDTC, and ATC.
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Matched fresh PTC tissues and adjacent normal
thyroid tissues were obtained from 26 patients. Total
RNA was isolated from 18 paired samples, and total
protein was extracted from 8 paired samples. This
study was approved by the Ethics Committee of
Tianjin Medical University Cancer Institute and
Hospital (Approval ID: bc20251044), and informed
consent was obtained for the experimental use of
human tissues.

Database and Data Analysis

Transcriptome data and clinical information of
THCA patients were obtained from The Cancer
Genome Atlas (TCGA-THCA) database. RNA-seq
expression data were normalized to transcripts per
million  (TPM)  values  through  log2(x+1)
transformation. GES33630, GSE29265, and GSE76039
were obtained from the Gene Expression Omnibus
(GEO). Gene expression and genomic data were
obtained from the Cancer Cell Line Encyclopedia
(CCLE) database. The batch effects across datasets
were adjusted using the removeBatchEffect function
from the limma package (version 3.54.0) in R 4.1.1,
followed by integration of the harmonized datasets.
Single-cell RNA sequencing (scRNA-seq) data were
analyzed from the GSE193581, GSE250521,
GSE148673, and GSE182416 datasets. The Markov
Affinity-based Graph Imputation of Cells (MAGIC)
algorithm was applied to correct the "drop-out"
phenomenon commonly observed in scRNA-seq data
[33]. The Harmony algorithm was then used to
integrate out the batch effects. Subsequently, 3,000
hypervariable genes were selected for principal
component analysis (PCA) to reduce dimensionality.
The SNN algorithm was used for clustering and the
t-SNE algorithm is used for visualization. The
AddModuleScore algorithm was used to visualize cell
classification based on TDS scores.

Total RNA Extraction and Quantitative
Real-time PCR

Total RNA was extracted from thyroid cancer
cell lines and fresh clinical tissues using RNA
Extraction Reagent (G3013; Servicebio, China).
Complementary DNA (cDNA) was synthesized from
mRNA using the HiScript II 1st Strand cDNA
Synthesis Kit (R212-01; Vazyme, China). Quantitative
real-time PCR (qRT-PCR) was performed with
HiScript I Q RT SuperMix (R223-01; Vazyme, China)
and  gene-specific  primers  following  the
manufacturer's  instructions.  Relative = mRNA
expression levels were calculated using the 2-2ACt
method with p-actin as the internal control for
normalization. Primer sequences are provided in
Additional File 1.1.

Immunohistochemistry (IHC)

Clinical tumor tissue and xenograft tumor tissue
were fixed in 10% neutral buffered formalin and then
embedded in paraffin. Sections were stained with the
indicated antibodies according to the
immunohistochemistry ~ protocol.  Signals  were
visualized using a DAB Substrate Kit (ZLI-9017;
ZSBIO, China). Histochemical scoring was
independently performed by two pathologists using
the following methodology: Histoscore = Staining
intensity x Percentage of positive tumor cells. Staining
intensity was graded as 0 (no staining), 1 (weak, light
yellow), 2 (moderate, light brown), or 3 (intense,
brown). The percentage of positive cells was
categorized as 0 (<5%), 1 (5-25%), 2 (26-50%), 3
(51-75%), or 4 (> 75%).

RNA-Seq

PRDM16-overexpressing or control CAL-62 cells
were lysed using an RNA extraction solution (G3013;
Servicebio, China) and the mRNA was extracted
according to the manufacturer’s protocol. The global
gene expression profiles were determined by mRNA
sequencing, which was performed at TIANGEN
Biotechnology (Beijing, China) Co., Ltd.

Chromatin Immunoprecipitation (ChlP)

For each ChIP sample, 1 x 10°¢ cells were fixed
with 1% formaldehyde, and the cross-linked
chromatin was sonicated to generate 200-800 bp DNA
fragments for subsequent immunoprecipitation. The
protein/ DNA complexes were then
immunoprecipitated, separated, and purified.
Purified DNA was used for qPCR analysis or to
generate a second-generation sequencing library,
which was subsequently sequenced on a NovaSeq
PE150 by Novogene (Beijing, China). The sequences of
the primers that were used for ChIP-qPCR are listed
in Additional file 1.2.

Cell Transfection and Lentiviruses Infection

The PRDM16 and PRDM16-APRD
overexpression lentiviruses were purchased from
GENECHEM Co., Ltd. (Shanghai, China), and the
GV492 vector was used as a negative control. Small
interfering RNAs (siRNAs), the overexpression
plasmid TRIM58, pcDNA3.1-MVP-Myc, MVP
truncation mutants, and MVP ubiquitin mutants were
all purchased from Hanbio Biotechnology (Shanghai,
China) Co., Ltd. The sequences of siRNAs are listed in
Additional File 1.3. siRNAs or plasmids were
transfected into cells using Lipofectamine 3000
(L3000075, Thermo Fisher Scientific,c USA). For
lentiviral infection, cancer cells were selected in the
presence of 1 pg/mL puromycin to establish stable
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cell lines.

In Vitro 1311 Uptake Assay

Thyroid cancer cells (5 x 105 cells/well) were
seeded in triplicate into 12-well plates. Cells were
incubated in serum-free medium supplemented withl
pCi Na®l and 10 pM Nal at 37°C for 30 minutes. For
the control group, cells were pretreated with the
competitive NIS inhibitor NaClO, (300 pM) for 30
minutes prior to Na®3ll exposure to assess non-specific
radioactive iodine uptake. Following treatment, cells
were washed twice with ice-cold PBS and lysed with
0.5 mL of 0.3 M NaOH. Radioactivity levels were
quantified using a PerkinElmer 2470 gamma counter.

In Vivo 131 Uptake Assay

Prior to Na®@ uptake assays mice received
drinking water supplemented with 0.05% potassium
iodide (Sangon, A100512) for 7 d. In vivo imaging was
performed using a multi-modal preclinical
PET/SPECT/CT system (InliView-3000B, Novel
Medical, China). Each animal was intravenously
injected with 300 pCi of Na®!I via the tail vein, and
SPECT acquisitions were initiated 10 min
post-injection. Reconstruction and export of the
datasets were performed in NMSoft-AIWS (Novel
Medical). Radioactivity in subcutaneous tumors and
thyroids was measured as counts per minute using a
gamma counter.

Immunoprecipitation (IP) and
Co-immunoprecipitation (Co-IP)

Cell samples were lysed with 1% NP-40 buffer
(50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1% NP-40),
which was supplemented with a protease inhibitor
cocktail (Solarbio, China) at 4 °C for 30 min. The cell
lysates were subjected to overnight incubation at 4 °C
with primary antibodies, followed by a 4 h incubation
at 4 °C with Protein A/G-agarose beads (Beyotime,
China). Immunoprecipitates were subsequently
washed with 0.05% NP-40 buffer and detected by
western blotting analysis.

Mass Spectrometry Analysis

The cell lysate was obtained as described in the
aforementioned IP steps. Flag magnetic beads
(2C387750, Thermo Fisher Scientific, USA) were then
added to the lysate to isolate the IP products. The IP
products were separated by SDS-PAGE. The gel was
subsequently stained with a commercial silver
staining kit (Beyotime, China) according to the
manufacturer’s instructions to verify the success of
immunoprecipitation. For mass spectrometry (MS)
analysis, parallel IP products were resolved by
SDS-PAGE and stained with Coomassie Brilliant Blue.

Gel regions without visible protein bands were
excised and processed as background controls. Mass
spectrometric analysis was performed by Beijing
Qinglian Biotechnology Co., Ltd.

Antibodies and Drugs

The antibodies used in this study are listed in
Additional file 1.4. Cycloheximide (CHX), MG132 and
Selumetinib were all purchased from Selleck
Chemicals (Houston, TX, USA).

Animal Studies

Six-week-old female BALB/c nude mice were
purchased from SPF Biotechnology Co., Ltd (Beijing,
China) and maintained under specific pathogen-free
conditions. Tumor xenograft models were established
by subcutaneously injecting 2 x 106 cells into the
flanks of mice. Tumor growth was monitored every
5-7 d after tumors reached an average volume of 50
mm?, and tumor volume was calculated using the
formula: volume = length x width? / 2. For
experiments without drug intervention, mice were
monitored until the indicated endpoints. For drug
treatment experiments, when tumors reached
approximately 50 mm?3 mice were treated with
selumetinib (10 mg/kg) once daily by intragastric
gavage, as described previously [27], while control
mice received vehicle following the same schedule.

Statistical Analysis

All data were analyzed using GraphPad Prism
9.0.0 software. Each experiment was conducted at
least 3 times and the data were presented as mean *
standard deviation (SD). Kaplan-Meier analysis was
used to evaluate survival curves, and the differences
in the survival probabilities were assessed using the
log-rank test. Paired Student's t-test was performed to
analyze matched PTC and corresponding normal
thyroid tissue samples. Pearson correlation analysis
was employed to assess correlations between gene
expression levels. The two-tailed Student’s t-test was
used to compare two independent groups, and
one-way or two-way ANOVA was wused for
multi-group comparisons. Statistical significance was
defined as P < 0.05 (***P < 0.001, **P < 0.01, *P < 0.05).

Results

PRDMI1 6 is a Key Regulatory Factor in Thyroid
Cancer Differentiation

To evaluate the expression of PRDM16 in
thyroid cancer patients, we first analyzed the gene
expression dataset of thyroid cancer. According to the
analysis of the TCGA database, we found that
PRDM16 is lowly expressed in thyroid cancer
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compared to normal tissues and leads to poorer
Progression Free Survival (PFS) (Figure 1A, B).
Through the analysis of GEO datasets including
GSE33630, GSE29265, and GSE76039, we found that
PRDM16 expression shows a declining trend in
thyroid cancer with reduced differentiation (Figure
1C, D). Based on the analysis of TCGA and GEO
datasets, we observed a significant positive
correlation between PRDM16 expression and most
TDS-related genes (Figure 1E, S1A), as well as a direct
positive association with the TDS score (Figure S1B).
Analysis of publicly available CCLE data showed that
PRDM16 mRNA expression was significantly higher
in well-differentiated thyroid cancer cell lines than in
poorly differentiated and anaplastic thyroid cancer
cell lines (Figure S1C). Moreover, PRDM16 expression
levels were significantly associated with various
clinical characteristics of thyroid cancer, including T
stage, N stage, and clinical stage (Figure S1D).

Subsequently, we analyzed single-cell RNA
sequencing datasets to investigate the impact of
PRDM16 expression patterns on thyroid cancer
differentiation at the single-cell level. We integrated
single-cell RNA sequencing data from multiple
samples in the GSE148673 and GSE184362 datasets,
including normal thyroid tissues, PTC, and ATC.
Through data integration, dimensionality reduction,
and clustering analysis, we classified distinct cell
populations  (Figure 1F-]). Furthermore, we
specifically isolated normal thyroid follicular cells,
PTC cells, and ATC cells to determine the differences
in TDS level and PRDM16 expression levels among
these three cell types (Figure 1K, L). The results
indicated that the TDS level and PRDM16 expression
were lower in tumor cells, particularly in ATC cells
(Figure 1M, N).

Finally, we validated the expression of PRDM16
in the collected clinical samples. We extracted and
analyzed RNA and proteins from paired PTC samples
and adjacent normal tissues. The results
demonstrated significantly lower PRDM16 expression
in PTC compared to normal tissues (Figure S1 E-G).
Next, we examined PRDM16 protein expression using
IHC staining in normal thyroid tissues (n = 15), PTC,
(n=72), PDTC (n =30), and ATC (n = 11) (Figure 10).
The results demonstrated that PRDMI16 was
downregulated in tumor tissues, with its expression
level  progressively = decreasing as  tumor
differentiation declined (Figure 1P). In PTC samples,
PRDM16 expression was significantly associated with
clinicopathological features. Its levels decreased with
advancing T stage, were lower in tumors with lymph
node metastasis (N1) than in those without (NO), and
were markedly reduced in advanced clinical stages

(II-IV) compared with early stages (I-1I) (Figure 1Q).
Furthermore, we analyzed PRDM16 expression in
human normal thyroid, PTC, and ATC cell lines.
Compared with normal thyroid cell, PRDM16 was
downregulated in thyroid cancer cells, particularly in
ATC cells (Figure S1 H, I).

PRDMI16 Facilitates Thyroid Cancer
Differentiation

To further investigate the regulatory role of
PRDM16 in thyroid cancer differentiation, we
overexpressed PRDM16 in three thyroid cancer cell
lines (CAL-62, BCPAP, and ACT-1) with relatively
low endogenous PRDM16 expression levels (Figure
2A). Additionally, we knocked down PRDM16 using
siRNA in two thyroid cancer cell lines (TPC-1 and
KTC-1) that exhibit relatively high endogenous
PRDM16 expression levels (Figure 2B). The results
demonstrated  that PRDM16  overexpression
promoted the expression of thyroid cancer
differentiation markers (Figure 2A, Figure S2A),
inhibited  tumor cell proliferation, reduced
colony-forming capacity (Figure 2C, Figure S2G), and
enhanced radioactive iodine uptake (Figure 2E).
Conversely, PRDM16 knockdown suppressed the
expression of thyroid cancer differentiation markers
(Figure 2B, Figure S2B), while promoting tumor cell
proliferation and colony-forming capacity (Figure 2D,
Figure S2H). PRDM16 has been shown to possess
intrinsic histone methyltransferase activity that
catalyzes monomethylation of histone H3 lysine 9. We
therefore examined how PRDM16 knockdown or
overexpression affects global H3K9mel abundance.
Our findings demonstrate that changes in PRDM16
expression levels directly modulate global H3K9mel
abundance in thyroid cancer cells (Figure S2C, D).

Given the critical role of tumor differentiation in
regulating epithelial-mesenchymal transition (EMT),
we  measured EMT  markers in  both
PRDM16-overexpressing and PRDM16-knockdown
thyroid cancer cells. The results demonstrated that

PRDM16 overexpression upregulated epithelial
differentiation =~ markers (E-cadherin) while
downregulating mesenchymal differentiation

markers (N-cadherin, Snail, and Slug) (Figure S2C),
reducing thyroid cancer cell migration and invasion
capabilities (Figure S2E, Figure S2I). Conversely,
PRDM16  knockdown elevated mesenchymal
differentiation =~ marker  expression,  decreased
epithelial differentiation markers (Figure S2D), and
enhanced tumor cell migratory and invasive potential
(Figure S2F, Figure S2J).
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Figure 1. PRDMI6 plays a critical role in promoting the differentiation of thyroid cancer. (A) Analysis of PRDM16 mRNA expression in PTC and normal thyroid
tissues in the TCGA dataset. (B) Kaplan—Meier analysis of PFS according to PRDM16 expression in the TCGA dataset. (C, D) Analysis of PRDM16 expression in different types
of thyroid carcinoma and normal thyroid tissue in the GSE33630 and GSE29265 (C), and GSE76039 (D) databases. (E) Heatmap showing the correlation between PRDM16 and
TDS-related genes in the GSE33630 and GSE29265 databases. (F-H) Single-cell RNA-seq analysis of thyroid samples: including t-SNE clustering of thyroid cells (F), marker gene
expression across clusters (G), and distribution of major cell types(H). (I) Proportions of thyroid follicular and tumor cell subsets in NT, PTC, and ATC samples. (J) t-SNE
visualization comparing thyroid follicular cells and tumor cells. (K, L) Clustering of thyroid follicular and tumor cells validated by TDS differences. (M, N) Comparison of PRDM16
expression among thyroid follicular cells, PTC cells, and ATC cells. (O) IHC staining of PRDM16 in normal thyroid (NT) tissue, PTC tissue, PDTC tissue, and ATC tissue. (P)
Quantification of PRDM16 expression in different thyroid cancer subtypes. (Q) Correlation of PRDM16 immunohistochemical staining with tumor size, lymph node metastasis,
and clinical stage in PTC patients. All data represent mean * SD. Statistical significance was determined by unpaired Student's t-test (A, C, D, L, N, P, Q).
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Figure 2. PRDM16 facilitates the differentiation of thyroid cancer in vitro and in vivo. (A, B) Western blotting analysis of thyroid differentiation marker expression
following PRDM16 overexpression (A) or knockdown (B) in thyroid cancer cells. (C, D) CCK-8 assays assessing the proliferation of thyroid cancer cells with PRDM16
overexpression (C) or knockdown (D). (E) Radioactive iodine uptake assays determining the effect of PRDM16 overexpression on the iodine uptake capacity of thyroid cancer
cells. (F) Image of subcutaneous xenografts derived from PRDM16-overexpressing or control CAL-62 cells (n = 5 per group). (G) Tumor growth curves of xenografts in
PRDMI1 6-overexpressing and control groups. (H) Comparison of tumor weights between PRDM1 6-overexpressing and control groups. All data represent mean * SD. Statistical

significance was determined by unpaired Student's t-test (C-E, G, and H).

To investigate the ability of PRDM16 to facilitate
the differentiation of thyroid cancer cells in vivo, we
established  tumor  xenograft = models by
subcutaneously injecting CAL-62 cells into nude mice
(Figure 2F). Compared to the control group, xenograft
tumors derived from PRDMIl6-overexpressing
CAL-62 cells exhibited significantly slower growth

rates, along with markedly reduced tumor volume
and weight (Figure 2G, H). We next performed IHC
staining of the xenograft tumors to confirm PRDM16
overexpression in vivo. Compared with controls,
PRDM16 overexpression resulted in decreased
expression of the proliferation marker Ki67 and
increased expression of differentiation markers (NIS,
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PAX8) (Figure S2K, L). In summary, PRDMI16
promotes thyroid cancer cell differentiation and
participates in regulating various biological behaviors
of thyroid carcinoma.

PRDMI6-Mediated H3K9mel Promotes
TRIM58 Expression

To further elucidate the intrinsic mechanism by
which PRDM16 promotes differentiation in thyroid
cancer, we performed RNA sequencing on both
control cells and PRDMI16-overexpressing cells to
identify differentially expressed genes. PRDM16
overexpression upregulated 920 genes while
downregulating 1461 genes (Figure 3A). Gene Set
Enrichment Analysis (GSEA) revealed that PRDM16
overexpression was significantly associated with
downregulated gene sets in thyroid cancer and
showed a strong correlation with the cell
differentiation index (Figure 3B). We performed Gene
Ontology (GO) enrichment analysis on the
differentially expressed genes. The results revealed
that PRDM16 is involved in regulating multiple
critical biological processes, including regulation of
signaling, cell development, and cell differentiation,
indicating its essential role in thyroid cancer
differentiation (Figure 3C). To investigate the
mechanism by which PRDMI16 regulates gene
expression, we performed ChIP sequencing
(ChIP-seq) to identify direct target genes of PRDM16
in thyroid cancer (Figure S3A). We subsequently
identified 11 key genes by intersecting differentially
expressed genes, PRDM16 ChlIP-seq targets, and the
top 2000 genes most strongly correlated with TDS
(Figure 3D). RNA-seq results demonstrated that
TRIM58  was  significantly = upregulated in
PRDM16-overexpressing cells among these 11
candidate genes, with clustering analysis further
confirming its marked differential expression between
the control and PRDM1l6-overexpressing groups
(Figure 3E). Subsequent qPCR analysis of the 11
candidate genes verified that TRIM58 was
significantly upregulated in PRDM16-overexpressing
cells (Figure S3B). ChlIP-seq analysis further revealed
distinct peaks at the TRIM58 promoter region in the
PRDM16-overexpressing  group  (Figure  3F).
Correlation analysis revealed that the expression of
TRIM58 was positively correlated with PRDM16
expression (Figure S3C). Moreover, TRIM58
expression was also positively correlated with the
TDS in TCGA-THCA samples, indicating that higher
TRIM58 levels are associated with a more
differentiated tumor phenotype (Figure S3D). We
speculate that PRDM16 may promote thyroid cancer
differentiation by upregulating TRIM58 expression at
the transcriptional level.

Then, we verified whether PRDM16 has a
regulatory effect on TRIMS58. The results showed that
in thyroid cancer cells, overexpression of PRDM16
promoted TRIMS58 expression (Figure 3G, Figure S3E),
while knockdown of PRDM16 suppressed TRIMS58
expression (Figure 3H, Figure S3F). We designed
primers spanning the proximal promoter region of
TRIMb58 (Figure 3I). ChIP-qPCR results demonstrated
that PRDM16 binds to the promoter region of TRIM58
and leads to increased enrichment of H3K9mel at this
specific region (Figure 3], K). Considering that
PRDM16 has been reported as a transcriptional
regulator [34], we hypothesized that PRDM16 directly
activates TRIM58 transcription. However,
dual-luciferase reporter assays revealed that PRDM16
does not increase TRIM58 promoter activity (Figure
S3G), thereby ruling out a direct transcriptional
activation mechanism. In summary, we demonstrate
that PRDM16 upregulates TRIM58 expression
through epigenetic regulation, specifically by
promoting H3K9mel enrichment at its promoter.

TRIMS58 Facilitates Thyroid Cancer
Differentiation

Given these observations, we next analyzed the
expression of TRIM58 in thyroid cancer. Analysis of
the TCGA database, CCLE database, and GEO
datasets revealed that TRIM5S is expressed at lower
levels in thyroid tumor cells (Figure S3H), and its
expression further decreases as tumor differentiation
declines (Figure 4A, B, Figure S3I). The expression
level of TRIMS5S is closely associated with the clinical
characteristics of thyroid cancer patients (Figure S3J).
Analysis of the single-cell dataset revealed that
compared to normal thyroid follicular epithelial cells,
the expression of TRIM58 was significantly decreased
in thyroid cancer, with the lowest expression
observed particularly in ATC (Figure 4C, D).
Moreover, we examined the expression pattern of
TRIM58 in normal tissues (n = 15), PTC tissues (n =
59), PDTC tissues (n = 25), and ATC tissues (n = 11)
using IHC staining (Figure 4E). The results showed
that TRIMS58 expression decreases with the reduction
in tumor differentiation (Figure 4F), and is closely
associated with T stage, N stage, and clinical stage
(Figure 4G). Additionally, paired analysis of IHC
scoring revealed a strong positive correlation between
TRIM58 and PRDM16 expression (Figure 4H).

To further explore how TRIM58 regulates
thyroid cancer differentiation, we overexpressed
TRIM5S in thyroid cancer cells. The results showed
that overexpression of TRIM58 promoted the
expression of thyroid differentiation markers (Figure
41, Figure S4A). Additionally, TRIM58 overexpression
suppressed the proliferation, colony formation,
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migration, and invasion of thyroid cancer cells (Figure = corresponding EMT markers (Figure S4E), and
4], Figure S4B-D), altered the expression of enhanced radioactive iodine uptake (Figure 4K).
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Figure 3. TRIM58 was identified as a downstream molecule regulated by PRDM16. (A) Volcano plot showing the differentially expressed genes identified by RNA-seq
analysis in PRDMI6-overexpressing CAL-62 cells. (B) GSEA indicating that the differentially expressed genes between PRDMIé-overexpressing and control cells were
significantly enriched in gene sets associated with thyroid cancer and thyroid dedifferentiation. (C) Representative GO term enrichment analyses of upregulated and
downregulated genes following PRDM16 overexpression. (D) Venn diagram showing 11 overlapping genes identified among the RNA-seq—derived differentially expressed genes
under PRDM16 overexpression, the ChIP-seq—identified PRDM1 6-binding genes, and the top 2000 genes most strongly correlated with the TDS. (E) Heatmap of RNA-seq data
displaying the expression profiles of the 11 overlapping genes in PRDM16-overexpressing and control CAL-62 cells. (F) IGV analysis showing Flag enrichment near the TRIM58
promoter region in CAL-62 cells expressing PRDM16-3xFlag, compared with Input controls. (G, H) Western blot analysis showing changes in TRIM58 expression upon PRDM16
overexpression (G) or knockdown (H). (1) Schematic illustration of the ChIP-qPCR primer locations designed to target TRIM58 promoter regions. (], K) ChIP-gPCR showing the
enrichment levels of Flag (J) and H3K9mel (K) in different regions of the TRIM58 promoter in PRDM16-3xFlag-overexpressing and control CAL-62 cells. All data represent mean
+ SD. Statistical significance was determined by unpaired Student's t-test (J and K).
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Figure 4. TRIM58 facilitates the differentiation of thyroid cancer in vitro and in vivo. (A, B) Expression analysis of TRIM58 in normal thyroid tissue and thyroid
carcinoma samples from the GSE33630 + GSE29265 (A) and GSE76039 (B) datasets. (C) Uniform manifold approximation and projection (UMAP) plot displaying TRIM58
expression across thyroid carcinoma single-cell clusters. (D) Boxplot showing TRIM58 mRNA levels in NT, PTC, PDTC, and ATC tissues. (E) Representative IHC staining of
TRIM58in NT, PTC, PDTC, and ATC tissues. Scale bars =200 um. (F) Quantitative analysis of TRIM58 IHC histoscores across different thyroid cancer subtypes. (G) Correlation
of TRIM58 immunohistochemical staining with tumor size, lymph node metastasis, and clinical stage in PTC patients. (H) Pearson’s correlation analysis between PRDM16 and
TRIM58 immunohistochemical histoscores. (I) Western blotting analysis of TRIM58 and thyroid differentiation markers following TRIM58 overexpression in CAL-62, BCPAP, and
ACT-1 cells. (J) CCK-8 assay showing the effect of TRIM58 overexpression on the proliferation of CAL-62, BCPAP, and ACT-1 cells. (K) Radioactive iodine uptake assays
evaluating the effect of TRIM58 overexpression on iodine uptake capacity in thyroid cancer cells. (L) Image of subcutaneous xenografts in nude mice derived from
TRIM58-overexpressing or control CAL-62 cells (n = 5 for each group). (M) Growth curves of the subcutaneous xenografts in the TRIM58-overexpressing group and control
group. (N) Analysis of the tumor weights of xenografts in the TRIM58-overexpressing group and control group. All data represent mean + SD. Statistical significance was
determined by unpaired Student's t-test (A, B, D, F, G, J-K, M, and N) or Pearson’s correlation (H).

Finally, to validate the ability of TRIM58 to
promote differentiation of thyroid cancer cells in vivo,
we established tumor xenograft models by
subcutaneously injecting CAL-62 cells overexpressing
TRIM58 into nude mice. Compared with the control
group, the xenograft tumors derived from
TRIM58-overexpressing thyroid cancer cells exhibited
weaker proliferation capacity (Figure 4L), as
evidenced by reduced tumor volume and weight
(Figure 4M, N). The IHC staining of xenograft tissues
confirmed TRIM58 overexpression in vivo, resulting in
decreased proliferation markers and increased
differentiation markers (Figure S4F, G).

PRDMI16 Promotes Thyroid Cancer
Differentiation by Upregulating TRIM58
through Its Methyltransferase Activity

To verify that PRDM16 promotes thyroid cancer
differentiation through regulating TRIM58, we
transfected TRIM58 siRNA into
PRDM16-overexpressing thyroid cancer cells. The
results showed that knockdown of TRIMS58 could
reverse the upregulation of thyroid differentiation
markers, the upregulation of epithelial differentiation

markers, and downregulation of mesenchymal
differentiation markers induced by PRDMI16
overexpression (Figure 5A, Figure S5A, B). Moreover,
it concurrently reversed the suppression of
proliferation, colony formation, migration, and
invasion (Figure 5B, Figure S5C-E), as well as the
enhanced radioiodine uptake capacity caused by
PRDM16 overexpression (Figure 5C).

To further evaluate the role of PRDM16's
methyltransferase  activity in thyroid cancer
differentiation, we overexpressed the
methyltransferase-deficient mutant PRDM16 APRD in
thyroid cancer cells (Figure 5D). Compared to
overexpression of wild-type PRDM16, overexpression
of PRDM16 APRD failed to promote the expression of
TRIM58 and thyroid differentiation markers (Figure
5E, Figure S5F), and could not inhibit thyroid cancer
cell proliferation, colony formation, migration, and
invasion or enhance radioactive iodine uptake
capacity (Figure 5F, G, Figure S5G, H). Furthermore,
ChIP-gPCR results showed that, compared with
wild-type PRDM16, PRDM16APRD overexpression
led to markedly reduced binding of PRDM16 to the
TRIM58  promoter and decreased H3K9mel
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enrichment at this locus (Figure 5H, I).
TRIM58 Promotes Thyroid Cancer
Differentiation by Ubiquitinating MVP

As a TRIM family member, TRIM58 possesses E3
ubiquitin ligase activity. To investigate its potential
role in thyroid cancer differentiation, we performed

mass spectrometry (LC-MS/MS) to identify
TRIMb58-associated proteins. MVP was identified in
the Flag-tagged TRIM58 immunoprecipitates (Figure
6A-C). MVP, a primary component of the
ribonucleoprotein particles known as vaults, is
recognized for its role in regulating a variety of
cellular processes, including signal transduction, cell

Co-IP followed by liquid chromatography-tandem  differentiation, and immune responses [35,36].
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Figure 5. PRDM16 promotes thyroid cancer differentiation by regulating TRIM58 through its methyltransferase activity. (A) Western blotting analysis of
thyroid differentiation marker expression levels in PRDMI6-overexpressing cells with or without TRIM58 knockdown. (B) CCK-8 assays showing the effects of TRIM58
knockdown on cell proliferation in PRDM1 6-overexpressing thyroid cancer cells. (C) Radioactive iodine uptake assays determining the effect of TRIM58 knockdown on the iodine
uptake capacity of PRDMI 6-overexpressing thyroid cancer cells. (D) Schematic diagram showing the location of the PR domain within the PRDM16 protein structure. (E)
Western blotting analysis of thyroid differentiation marker and TRIM58 expression in thyroid cancer cells overexpressing wild-type PRDM16 or PR domain-deficient mutant
PRDMI16. (F) CCK-8 assay showing the effect of wild-type PRDM16 (WT) and PR domain-deficient PRDM16 overexpression on the proliferation of thyroid cancer cells. (G)
Radioactive iodine uptake assay evaluating the effect of wild-type PRDM16 and PR domain-deficient PRDM16 overexpression on the iodine uptake capacity of thyroid cancer cells.
(H, 1) ChIP—gPCR analysis of Flag (H) and H3K9mel (I) enrichment at different regions of the TRIM58 promoter in CAL-62 cells overexpressing wild-type PRDM16 or PR
domain-deficient PRDM16. All data represent mean * SD. Statistical significance was determined by unpaired Student's t-test (B, C, F-I).
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Studies have reported that MVP is associated with
various types of cancer and the development of
chemotherapy resistance [37-40]. Furthermore, MVP
functions as a key regulator of the MAPK and
PI3K/AKT signaling pathway in thyroid cancer. [41]
Analysis of the GEO database revealed that MVP
exhibits higher expression in poorly differentiated
thyroid cancers, particularly in ATC (Figure S6A).
Molecular docking predictions revealed a high
binding probability between TRIM58 and MVP
(Figure 6D). Moreover, immunofluorescence (IF)
assays further demonstrated that TRIM58 and MVP
colocalize in the cytoplasm (Figure 6E). To further
characterize their subcellular distribution, nuclear and
cytoplasmic fractionation assays were performed.
Western blot analysis revealed that TRIM58 was
predominantly localized in the cytoplasm, whereas
MVP was detected in both the nucleus and cytoplasm.
These results further support the cytoplasmic
colocalization of TRIM58 and MVP (Figure S6B).
Subsequently, we validated the interaction between
TRIM58 and MVP using Co-IP assays. In thyroid
tumor cells overexpressing Flag-TRIM58, MVP was
co-immunoprecipitated with Flag-tagged TRIMS5S.
Conversely, in cells overexpressing MVP, TRIM58
was co-immunoprecipitated with Myc-tagged MVP
(Figure 6F), confirming a protein-protein interaction
between TRIM58 and MVP.

We found that overexpression of TRIMS58 in
thyroid cancer cells led to a decrease in MVP protein
levels but did not affect MVP transcriptional levels
(Figure S6C-E). To further investigate whether
TRIM58 regulates MVP through the proteasomal
pathway, we first treated thyroid cancer cells from
both the control and TRIM58-overexpressing groups
with MG132. MG132 treatment markedly attenuated
the TRIM58-induced reduction in MVP protein levels
(Figure 6G). We next assessed the impact of TRIM58
overexpression on the stability of endogenous MVP.
Following cycloheximide (CHX) treatment, TRIMS58
overexpression significantly shortened the half-life of
MVP compared with the control (Figure 6H). Finally,
ubiquitination assays revealed that TRIMS5S8
overexpression increased MVP ubiquitination,
leading to decreased MVP protein levels (Figure 6I).

To map the TRIM58-MVP interaction domains,
we constructed three Myc-tagged MVP truncation
mutants and performed co-transfection with
Flag-tagged TRIM58 (Figure 6]).
Co-immunoprecipitation assays showed that TRIM58
specifically interacts with the AMVP Repeat fragment
(Figure 6K). Having defined the MVP domain
responsible for TRIM58 binding, we next sought to
determine the specific ubiquitination sites on MVP
targeted by TRIMSS. PhosphoSitePlus analysis

predicted four candidate lysine residues (K440, K444,
K674, K747), which are highly conserved across
species (Figure 6L). Site-directed mutagenesis
demonstrated that substitution of K444 with arginine
markedly reduced MVP ubiquitination (Figure 6M).
Together, these results demonstrate that TRIMS5S8
binds the AMVP Repeat domain of MVP and
promotes its  ubiquitin-mediated degradation
primarily through K444, thereby facilitating thyroid
cancer cell differentiation.

PRDMI16 Reinforces the Redifferentiation
Effects of MAPK Inhibition

Considering that MVP regulates both MAPK
and PI3K/AKT signaling pathways [41], we sought to
determine whether PRDM16 promotes thyroid cancer
cell differentiation by suppressing the activity of these
two pathways. To this end, we re-analyzed the
RNA-seq data from PRDMI16-overexpressing cells.
KEGG enrichment analysis of differentially expressed
genes revealed that the downregulated genes were
significantly enriched in both the MAPK and
PI3K/AKT signaling pathways (Figure 7A). To
investigate whether PRDM16 suppresses the MAPK
and PI3K/AKT pathways through TRIM58-mediated
ubiquitination and degradation of MVP, we first
assessed the activity of both pathways following
PRDM16 overexpression or knockdown. PRDM16
overexpression markedly suppressed both MAPK
and PI3K/AKT signaling, whereas PRDM16
knockdown enhanced their activity (Figure 7B, C).
Consistently, TRIMS58 overexpression produced a
similar inhibitory effect on both pathways (Figure
7D). Moreover, TRIM58 knockdown in
PRDM16-overexpressing cells reversed the inhibitory
effect of PRDM16 on MAPK and PI3K/AKT signaling
(Figure 7E). To further verify the effect of MVP on
thyroid cancer cell differentiation and the activation
of these two signaling pathways in the
PRDM16-TRIMS58 regulatory axis, rescue experiments
were conducted in PRDM16-overexpressing cells by
restoring MVP expression. The results showed that
MVP restoration reversed the upregulation of
differentiation markers induced by PRDM16
overexpression and significantly activated the two
signaling pathways (Figure S7A). Additionally, MVP
restoration also reversed the inhibitory effects of
PRDM16 overexpression on cell proliferation,
migration, and invasion (Figure S7B, C).

Given that MAPK inhibitors can promote the
redifferentiation capacity of thyroid cancer but often
exhibit low therapeutic sensitivity, we further
investigated whether PRDM16 influences the
sensitivity of thyroid cancer to MAPK inhibitor-based
redifferentiation therapy. Our study revealed that
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PRDM16 overexpression potently enhanced the formation (Figure 7G, Figure S7D), migration, and
therapeutic redifferentiation effect of the MAPK invasion capabilities of thyroid cancer cells (Figure
inhibitor selumetinib, which suppressed the MAPK  S7E). Furthermore, PRDM16 overexpression potently
pathway and promoted the expression of thyroid amplified the MAPK inhibitor-induced radioactive
differentiation markers (Figure 7F). Moreover, it iodine uptake capacity (Figure 7H).
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Figure 6. TRIM58 mediates the ubiquitination and degradation of MVP protein. (A) Immunoprecipitation combined with mass spectrometry (IP-MS) analysis of
TRIM58-interacting proteins. (B) Peptide fragment mass spectrum of MVP protein. (C) Silver staining of proteins co-immunoprecipitated with Flag-tagged TRIM58. The band
corresponding to MVP is indicated by a red box. (D) Molecular docking for predicting the interaction between TRIM58 and MVP. (E) Immunofluorescence staining showing
colocalization of Flag-TRIM58 and MVP in thyroid cancer cells. Nuclei were counterstained with DAPI. Scale bars = 20 pm. (F) Co-IP assays confirming the interaction between
TRIM58 and MVP. (G) Western blotting analysis of the effect of TRIM58 on MVP protein expression in thyroid cancer cells under the treatment of the proteasome inhibitor
MG132. Cells were pretreated with 10 uM MG132 for 6 h before harvest. (H) Western blotting analysis of MVP protein expression in thyroid cancer cells treated with 10 uM
cycloheximide (CHX) for varying time periods to assess the effect of TRIM58 on MVP protein stability. (I) Western blotting analysis validating the effect of TRIM58 on the
ubiquitination level of MVP protein in thyroid cancer cells. Cells were pretreated with 10 uM MG132 for 6 h before harvest. (J) Schematic diagram of the full-length and truncated
MVP structures. (K) Western blotting analysis of Co-IP results following co-transfection of Myc-tagged MVP or its truncated mutants with Flag-tagged TRIM58 into HEK293T
cells. (L) Multiple sequence alignment of MVP protein sequences across diverse species; the predicted ubiquitination lysine residues are marked by red boxes. (M) Western
blotting analysis assessing the ubiquitination of MVP in HEK293T cells co-transfected with Flag-TRIM58 and Myc-tagged MVP or its ubiquitination site mutants.
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Figure 7. PRDMI1 6 reinforces the redifferentiation effects of MAPK inhibition. (A) Representative KEGG term analysis of upregulated and downregulated genes was
performed following PRDM16 overexpression. (B, C) Western blotting analysis of the effects of PRDM16 overexpression (B) or knockdown (C) on MAPK and PI3K/AKT
pathway activity in thyroid cancer cells. (D) Western blotting analysis of the effects of TRIM58 overexpression on MAPK and PI3K/AKT pathway activity in thyroid cancer cells.
(E) Western blotting analysis of MAPK and PI3K/AKT pathway activity following TRIM58 knockdown in PRDMI6-overexpressing thyroid cancer cells. (F) Western blotting
analysis of p-ERK, total ERK, and thyroid differentiation marker expression in PRDM16-overexpressing thyroid cancer cells with or without | uM selumetinib treatment for 24
h. (G) CCK-8 assays showing the effects of | uM selumetinib treatment on cell proliferation in PRDM16-overexpressing thyroid cancer cells. (H) Radioactive iodine uptake assays
showing the effects of | M selumetinib treatment for 24 h on iodine uptake in thyroid cancer cells with or without PRDM16 overexpression. (I) Subcutaneous nude mouse
xenografts formed by PRDM16-overexpressing or control CAL-62 cells were photographed after treatment with or without selumetinib. When the average tumor volume
reached 50 mm3, selumetinib was intragastrically administered at a dose of 10 mg/kg once daily. n = 5 animals per group. Subcutaneous xenografts were dissected on Day 20 and
analyzed. (J) Growth curves of the subcutaneous xenografts in each group. (K) Tumor weights of each group. (L) Representative in vivo SPECT/CT images showing '*'l distribution
in tumor xenografts (red dashed circles) and thyroid glands after radioiodine administration. (M) Normalized radioiodine uptake in xenograft tumors. Uptake was expressed as
%ID/g. All data represent mean * SD. Statistical significance was determined by unpaired Student's t-test (G, H, J, K, and M).
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Next, we evaluated the impact of PRDM16 on
the redifferentiation function of MAPK inhibitors in
vivo. We established tumor xenograft models by
subcutaneously injecting CAL-62 control cells and
PRDM16-overexpressing cells into nude mice. When
the average tumor volume reached 50 mmb3, the mice
were administered 10 mg/kg selumetinib once daily
via intragastric gavage. The subcutaneous xenografts
were dissected on Day 20. The results demonstrated
that PRDM16 overexpression significantly enhanced
the antiproliferative efficacy of MAPK inhibitors
(Figure 71), as evidenced by reduced tumor volume
and weight (Figure 7], K). IHC staining of the
xenograft  tumors revealed that PRDM16
overexpression promoted a reduction in tumor
proliferation markers and an increase in thyroid
differentiation markers induced by MAPK inhibitors
in vivo (Figure S7F, G). Finally, we evaluated the effect
of PRDM16 on the MAPK inhibitor-induced
radioiodine uptake ability in vivo. A tumor xenograft
model was established by subcutaneously injecting
CAL-62 control cells and PRDMI16-overexpressing
cells into nude mice. Following selumetinib
administration, in wvivo SPECT/CT imaging and
subsequent y-counting demonstrated that PRDM16
overexpression significantly enhanced
selumetinib-induced iodine uptake capacity in
tumors, as evidenced by a significant increase in
normalized tumor radioiodine uptake compared with
the control group (Figure 7L, M). In summary,
PRDM16 enhances the therapeutic efficacy of MAPK
inhibitor redifferentiation therapy in thyroid cancer,
suggesting its potential as a novel therapeutic target
for patients with advanced thyroid cancer.

Discussion

Thyroid cancer represents a paradigmatic model
for studying lineage plasticity in epithelial
malignancies, where the progressive loss of
differentiation is closely linked to treatment resistance
and poor prognosis. Although the genetic landscape
of thyroid cancer has been well defined,
encompassing  canonical  drivers such as
BRAFAV600E, RAS, and TERT promoter mutations
[42-45], the epigenetic and post-translational
regulatory frameworks that maintain or disrupt
thyroid cell identity remain poorly understood. In this
study, we identified PRDM16 as a
differentiation-associated histone methylation
regulator that preserves thyroid lineage identity
through a TRIM58-MVP/MAPK and PI3K/AKT
signaling axis, providing a new conceptual model that
integrates chromatin modification, ubiquitination,
and signaling regulation in thyroid tumor
dedifferentiation.

Epigenetic dysregulation has emerged as a
critical driver of tumor dedifferentiation and therapy
resistance across multiple cancer types. PRDM16, a
PR domain-containing histone methyltransferase,
modulates chromatin states through site-specific
histone  methylation to  regulate  cellular
differentiation. Although previous studies have
primarily characterized PRDM16 as a transcriptional
regulator in processes such as brown adipogenesis
and hematopoiesis [46,47], subsequent work has also
demonstrated its role in shaping chromatin
architecture and enhancer activity to establish lineage
identity [48,49]. In contrast, our findings revealed
that, in thyroid cancer, PRDM16 exerts its function
predominantly  through its intrinsic  histone
methyltransferase activity, highlighting a distinct
epigenetic mechanism underlying its regulatory role.
PRDM16 expression is progressively reduced during
thyroid cancer dedifferentiation and correlates
positively ~ with thyroid differentiation scores,
suggesting that PRDM16 functions as a lineage
fidelity factor that preserves the differentiated state of
thyroid cells. Mechanistically, PRDM16 catalyzes
H3K9mel within the TRIM58 promoter, facilitating an
active chromatin state and enhancing its transcription.
Although H3K9mel has traditionally been regarded
as a repressive histone mark associated with
transcriptional ~ silencing  [29,50,51], emerging
evidence indicates that it can also function as a
permissive or even activating modification depending
on the genomic context, chromatin environment, and
interacting cofactors [52-56]. In this light,
PRDM16-mediated H3K9mel at the TRIMS58
promoter likely represents such a context-dependent
activating configuration, promoting chromatin
accessibility and transcriptional activation. This
observation underscores the nuanced regulatory roles
of H3K9mel in gene expression and highlights the
epigenetic function of PRDMI16 in maintaining
thyroid cell differentiation.

The tripartite motif (TRIM) proteins function as
important  regulators in innate  immunity,
tumorigenesis, cell differentiation, and ontogenetic
development [57]. TRIM proteins, most of which
possess E3 ubiquitin ligase activity, may regulate
numerous oncogenes and tumor suppressors through
ubiquitination and protein degradation, thereby
influencing cancer progression [58]. Previous studies
have demonstrated that TRIM58 functions as a tumor
suppressor in the majority of cancers, inhibiting
tumor proliferation and invasion [59,60], and
promotes the differentiation of breast cancer stem
cells through ubiquitination [61]. In thyroid cancer,
however, its biological role has not been elucidated.
Our study demonstrated that PRDM16 induces
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TRIMS58 expression through H3K9mel-mediated
epigenetic activation, establishing TRIM58 as a key
effector of PRDM16-dependent differentiation. We
showed that TRIM58 suppresses MAPK and
PI3BK/AKT pathway activity by promoting the
ubiquitination and degradation of MVP, a scaffold
known to facilitate sustained MAPK and PI3K/AKT
signaling [41,62]. TRIM58-mediated degradation of
MVP results in attenuation of MAPK and PI3K/AKT
signaling, thereby resulting in the restoration of
thyroid-specific gene expression including NIS,
PAX8, NKX2-1 and FOXE1l, and reactivation of
radioiodine uptake. This finding establishes a direct
molecular bridge between PRDM16-dependent
chromatin remodeling and post-translational control
of oncogenic signaling, providing mechanistic clarity
to how differentiation can be reinstated in otherwise
refractory thyroid cancer cells.

Redifferentiation therapy aims to restore RAI
sensitivity in refractory thyroid cancers by
reactivating thyroid-specific gene expression [12,63].
Our findings expand this model by revealing that
PRDM16-driven histone methylation creates a
chromatin-permissive environment that sustains
redifferentiation. In this context, PRDM16 functions
synergistically with MAPK inhibition, as its
reactivation enhances the efficacy of MAPK inhibitors.
Thus, the PRDM16-TRIM58-MVP axis represents an
integrated mechanism that couples epigenetic
stability with signaling plasticity, providing a more
comprehensive  framework for understanding
redifferentiation therapy.

Conclusions

In summary, our study demonstrates the crucial
role of the PRDM16-TRIM58-MVP signaling axis in
thyroid carcinoma differentiation. Each component of
this axis may serve as a potential biomarker for
thyroid cancer, and targeted intervention on these
genes could potentially induce the redifferentiation of
thyroid carcinoma. Furthermore, this research
provides an important strategic framework for
differentiation therapy in thyroid cancer treatment.

Supplementary Material

Supplementary methods, figures and tables.
https:/ /www ijbs.com/v22p4747s1.pdf
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