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Abstract: Lymph node metastasis (LNM) is a key factor in the recurrence and progression of papillary thyroid carci-
noma (PTC). Phosphodiesterase 4C (PDE4C) serves as a crucial regulator in cancer development and metastasis,
its functional role and mechanism in LNM of PTC need further elucidation. PDE4C and embryonic lethal abnormal
vision like 1 (ELAVL1) expression in PTC and adjacent normal tissues were assessed using bioinformatic analysis
and immunohistochemistry (IHC). We found that PDE4C and ELAVL1 were upregulated in PTC tissues. Cell viability
in BCPAP and TPC-1 cell lines was assessed via cell counting kit-8 (CCK-8) assay, while Transwell assays were em-
ployed to determine their migratory and invasive capacities. Our data revealed that silencing of PDE4C remarkably
suppressed BCPAP and TPC-1 cell proliferation, migration and invasion. Besides, the association between ELAVL1
and PDE4C was predicted and verified by ENCORI, RNA pull down and RNA immunoprecipitation (RIP) assay. The
mRNA of ELAVL1 and PDE4C were evaluated via quantitative real-time PCR (qRT-PCR). ELAVL1 and PDE4C expres-
sion was examined using Western blot analysis. The number of metastatic tumors in the lymph nodes was assessed
by hematoxylin-eosin (HE) staining. Ki-67 level in tumor tissues were determined by IHC. ELAVL1 interacts with
PDEA4C, resulting in an increase in PDE4C mRNA stability, which contributes to the aforementioned malignant phe-
notypes. Consistently, the knockdown of PDE4C or ELAVL1 inhibited LNM of PTC cells, PTC growth, and Ki-67 expres-
sion in vivo. In summary, ELAVL1 promotes LNM in PTC by stabilising PDE4C. Our study elucidates the molecular
mechanisms driving PTC metastasis, offering new therapeutic avenues for PTC treatment.
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tasis, papillary thyroid cancer

Introduction

Thyroid cancer is the most prevalent endocrine
malignancy, with a persistently rising global
incidence rate [1]. Papillary thyroid carcinoma
(PTC), accounting for approximately 85% of all
thyroid cancer cases, represents the predomi-
nant histological subtype [2]. Although multi-
modal approaches combining surgery with
radioactive iodine therapy have yielded favour-
able outcomes for most patients with PTC [3,
4], approximately 40% of adult patients devel-
op lymph node metastases (LNM) [5]. Some
cases even exhibit extrathyroidal invasion or
distant organ metastases, substantially in-
creasing the risk of tumor recurrence [6, 7].
Therefore, elucidating the molecular mecha-

nisms underlying PTC metastasis is crucial for
achieving early diagnosis of lymph node spread
and developing novel targeted therapies.

The phosphodiesterase (PDE) family serves
as a key regulatory enzyme in the cAMP signal-
ing pathway, critically influencing cellular func-
tions including proliferation and migration [8].
Phosphodiesterase 4C (PDE4C), a member of
the PDE family, has been increasingly recog-
nized for its involvement in oncogenesis [9].
Researches have shown that PDE4C is signifi-
cantly upregulated in thyroid cancer, suggest-
ing its potential as a poor prognostic mar-
ker [10]. In addition, M2 macrophage-derived
PDEA4C facilitates osteosarcoma progression by
enhancing collagen-mediated proliferation and
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migration [11]. A study by Pan et al. suggested
that PDE4C promotes osteosarcoma cell prolif-
eration and migratory capacity through upregu-
lation of intracellular collagen expression [11].
It is worth noting that the function of PDE4C in
thyroid cancer and other tumors has been par-
tially supported by experimental evidence; how-
ever, the specific molecular mechanism of
PDEA4C in PTC remain to be fully elucidated.

Embryonic lethal abnormal vision like 1 (EL-
AVL1), an essential RNA-binding protein, plays
a pivotal role in regulating fundamental cellular
processes, including proliferation, stress, and
apoptosis [12]. ELAVL1 has been demonstrat-
ed to facilitate tumor progression and metasta-
sis in malignancies through enhancing the sta-
bility of downstream target mRNAs, including
gastric cancer [13], breast cancer, and prostate
cancer [14, 15]. In addition, ELAVL1 was evi-
denced to be involved in the regulation of pro-
liferation, migration, and invasion of PTC cells
[16]. ENCORI database prediction revealed the
potential binding interaction between ELAVL1
and PDE4C mRNA. Nevertheless, the role and
detailed mechanism of ELAVL1 in LNM of PTC
still need to be explored.

Thus, we propose that ELAVL1 upregulates
PDE4C expression by stabilizing its mRNA,
thereby facilitating LNM in PTC. Our study elu-
cidates the functional roles of PDE4C and
ELAVL1 in PTC cell lines, and in vivo tumor
metastasis models, providing new perspec-
tives for the diagnosis and treatment of PTC.

Materials and methods
Clinical specimens

A total of 20 untreated PTC patients under-
going surgery at Taizhou Traditional Chinese
Medicine Hospital provided matched tumor
and paratumoral tissue samples. These speci-
mens were rapidly frozen and stored at -80°C
until further analysis. The research project
was sanctioned by the Institutional Ethics
Committee (Taizhou Traditional Chinese Me-
dicine Hospital Ethics Committee; Protocol No.:
LL2025-LW-023), and all participants provided
written informed consent prior to participation.

Bioinformatics database

To explore the expression pattern of PDE4C in
thyroid carcinoma, we employed two indepen-
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dent bioinformatics platforms. GEPIA2 (http://
gepia2.cancer-pku.cn/) was employed to ex-
amine the differential expression of PDE4C
and ELAVL1 between malignant and non-malig-
nant thyroid tissues. Furthermore, PDE4C and
ELAVL1 expression in tumor tissues and cor-
responding normal tissues was evaluated
through the UALCAN database (http://ualcan.
path.uab.edu/index.html). ENCORI (http://star-
base.sysu.edu.cn/) was conducted to assess
the binding potential of ELAVL1 to PDE4C
MRNA.

Cell culture

Human PTC cell lines BCPAP (RRID: CVCL_
0153; SCSP-543, Chinese Academy of Sci-
ences, Shanghai, China) and TPC-1 (RRID:
CVCL_6298; JNO-H0390, Guangzhou Jennio
Biotech Co., Ltd., China), both derived from the
thyroid glands of female PTC patients, were
maintained in RPMI-1640 medium (11875093,
Invitrogen) containing 10% fetal bovine serum
(FBS; C9500, New Cell & Molecular Biotech
Co., Ltd., Suzhou, China), 1% streptomycin/pen-
icillin (C0222, Beyotime, Shanghai, China) at
37°C under 5% CO,. All cell lines underwent
STR authentication and were confirmed to be
free of mycoplasma contamination.

Cell transfection

The overexpression plasmid pcDNA3.1-PDE4C
(oe-PDE4C), shRNA sequences targeting EL-
AVL1 (sh-ELAVL1-1/2) or PDE4C (sh-PDE4C-
1/2), and their respective negative control vec-
tors (0oe-NC and sh-NC) were provided by
Genechem (Shanghai, China). Lipofectamine
3000 (Invitrogen) was employed for cell trans-
fection. To achieve PDE4C overexpression, the
coding sequence was PCR-amplified from
PDE4AC cDNA and then cloned into the
pcDNA3.1 vector at the BamHI/EcoRI restric-
tion sites. For gene silencing experiments,
shRNA sequences designed to target ELAVL1
or PDE4C were inserted into pLKO.1 vector.

Cell Counting Kit-8 (CCK-8) assay

Cell Counting Kit-8 (C6050, New Cell &
Molecular Biotech) was utilized to test the cells
proliferation ability. PTC cell lines (4000 cells/
well) were plated in 96-well plates. After treat-
ment, 10 uL of the CCK-8 solution was added
to the wells, and incubated for 2 h. Next, the
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Table 1. Primer sequences used in this study

Gene Forward primer Reverse primer

ELAVL1 5 -TGTTCTCTCGGTTTGGGCGGAT-3’ 5-TCTTCTGCCTCCGACCGTTTGT-3’
PDE4C 5’-AGGTCACTACCACGCCAATGTG-3’ 5’-CAGCCAGGATTTCCAAGTCTGTG-3’
B-actin 5’-CACCATTGGCAATGAGCGGTTC-3’ 5-AGGTCTTTGCGGATGTCCACGT-3’

OD,,, ... Was assessed on a microplate reader
(BMG LABTECH, Germany).

Cell migration and invasion assays

Cell migratory and invasive capacities were
assessed using Transwell chambers (CLS3428,
Corning). For invasion assay, the Transwell
membranes were pre-coated with Matrigel
(Corning), diluted in serum-free medium, and
cultivated overnight at 37°C. In both migration
and invasion assays, we seeded 2 x 10° cells
into the upper chamber and suspended cells in
200 uL of serum-free medium. Moreover, the
lower chamber was added with 600 uL of com-
plete medium containing 10% FBS. After 24-48
h incubation, the migrated or invaded cells to
the lower surface were fixed with 4% parafor-
maldehyde for 30 min, stained with 0.1% crys-
tal violet for 20 min, and visualized under an
inverted microscope (Zeiss, Germany).

RNA pull-down assay

The connection between PDE4C mRNA and
ELAVL1 was confirmed via the The Pierce™
Magnetic RNA-Protein Pull-Down Kit (20164,
Thermo Scientific). In short, cells were subject-
ed to lysis using Lysis Buffer, and the lysates
were centrifuged at 13,000xg for 10 min at
4°C, and the resulting supernatant was ob-
tained. Next, the supernatant was incubated
with a biotin-labeled PDE4C RNA probe for 4 h
to form RNA-protein complex. The mixture was
subjected to magnetic bead capture using
Streptavidin Magnetic Beads to isolate the
RNA-bound protein complexes. After 3 washes
with wash buffer, the captured proteins were
eluted using an elution buffer. Finally, Western
blotting was performed to detect ELAVL1 level.

RNA immunoprecipitation (RIP)

Magna RIP Immunoprecipitation Kit (17-700,
Millipore) was applied for evaluating the inter-
action between ELAVL1 and PDE4C mRNA. In
short, RIP Lysis Buffer was employed to lyse the
PTC cell lines and cell lysates were acquired by
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centrifugation. Subsequently, the cell lysates
were incubated with Protein A/G magnetic
beads coated with the ELAVL1 antibody
(11910-1-AP, Proteintech, Wuhan, China) or
rabbit IgG antibody (30000-0-AP, Proteintech),
at 4°C overnight. Following the incubation, to-
tal RNA was extracted, and the level of PDE4C
MRNA was quantitatively measured via quanti-
tative real-time PCR (qRT-PCR).

mMRNA stability assay

PTC cell lines were incubated with 5 yg/mL of
actinomycin D (HY-17559, Medchem Express)
to assess PDE4AC mRNA stability. Cells were
seeded in 6-well plates and treated with sh-
ELAVL1-1/2. Next, cells were stimulated by
actinomycin D for 0, 3 and 6 h, and the remain-
ing PDE4AC mRNA was measured by gqRT-PCR
analysis.

gRT-PCR analysis

Total RNA from PTC cell lines was isolated by
TRIzol reagent (15596026CN, Invitrogen) refer-
ring to the manufacturer’s manual. First Strand
cDNA Synthesis Kit (P118-100, GeneBetter,
Beijing, China) was conducted for reverse tran-
scription. Next, qRT-PCR was conducted by
SYBR Green qPCR Mix (P611-500, GeneBetter)
on a Real-Time PCR System (ABI7300, Applied
Biosystems). The amplification conditions were
as follows: initial denaturation at 94°C for 2
min, followed by 40 cycles of denaturation at
94°C for 10 sec and annealing/extension at
60°C for 30 sec. The relative mRNA expression
were described via the 224°t method. Primers
are listed in Table 1.

Western blot assay

RIPA Lysis Buffer (P0013, Beyotime, Shanghai,
China) was employed to extract the total pro-
tein from PTC cell lines. Subsequently, the BCA
Protein Quantification Kit (23225, Thermo
Scientific) was applied for quantifying protein
concentration. Equal samples (30 ug) under-
went electrophoresis in SDS-PAGE and trans-
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ferred to PVDF membranes (IPVHO0010,
Millipore). Then the membranes were blocked
and incubated overnight at 4°C with primary
antibodies, including anti-ELAVL1 (11910-1-
AP, Proteintech, 1:2000), PDE4C (21754-1-AP,
Proteintech, 1:500), and GAPDH (60004-1-Ig,
Proteintech, 1:50000). Finally, the membranes
were stimulated by secondary antibody (S0001
or SO002, Affinity Biosciences, 1:5000) and
visualization was achieved using ECL reagent
(32209, Thermo Scientific).

Animal experiments

Four-week-old female BALB/c nude mice
(Shanghai SLAC Laboratory Animal Co., Ltd.,
China) were randomly allocated into three
groups (n = 6 per group): sh-ELAVL1-2 group,
sh-PDE4C-2 group, and sh-NC group. BCPAP
cells (1 x 10° cells) treated with sh-ELAVL1-2 or
sh-PDE4C-2 lentiviral vectors (HanBio, Shang-
hai, China) were injected into the footpads or
subcutaneously into the mice, respectively, to
observe in vivo LNM and tumor formation in
PTC. The tumor sizes of the mice were gauged
and recorded every 7 days, and the tumor vol-
ume was calculated following the formula vol-
ume (mm3) = 0.5 x (length x width?). Following
the 6-week experimental period, all mice were
subjected to terminal anesthesia with an over-
dose of sodium pentobarbital (100 mg/kg, i.p.)
and subsequently euthanized via cervical dislo-
cation to ensure humane endpoints. Samples
of the primary tumor tissues and inguinal lymph
nodes were collected for following experiments.
Animal study was approved by the Institutional
Animal Care and Use Committee of Zhejiang
Provincial Laboratory Animal Center (Approval
No.: ZJCLA-IACUC-20011158).

Immunohistochemistry (IHC)

Tissues from human PTC and subcutaneous
tumor tissues of nude mice were subjected to
fixation in 4% paraformaldehyde. After dehydra-
tion, the tissues were embedded in paraffin
and cut into a thickness of 5 ym. Following
deparaffinization and rehydration, the sections
were treated with bovine serum albumin for
30 min and incubated with primary antibodies,
including PDE4C (DF3872, Affinity Biosciences,
1:50), ELAVL1 (DF6496, Affinity Biosciences,
1:50), and Ki-67 (AF0198, Affinity Biosciences,
1:50), at 4°C throughout the night. Next, the
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sections were exposed to the corresponding
secondary antibodies, stained with diamino-
benzidine (DAB; AR1027, Boster, Wuhan,
China), and counterstained with hematoxylin
staining solution (G1080, Solarbio, Beijing,
China). Images were acquired on a microscope
(Zeiss, Germany).

Hematoxylin-eosin (HE) staining

The HE Stain Kit (G1120, Solarbio) was used to
assess the number of metastatic tumors in the
lymph nodes. Briefly, sections were deparaf-
finized with xylene, followed by a rehydration
process through a series of graded ethanol
solutions. Subsequently, the tissues were
rinsed with distilled water, stained with hema-
toxylin solution, and counterstained with eosin
in accordance with ptotocal. After staining, the
sections were dehydrated through an ascend-
ing ethanol series, and mounted with neutral
gum (G8590, Solarbio). Finally, metastatic
tumor foci in the lymph nodes were examined
under a light microscope (Zeiss, Germany).

Statistical analysis

The experimental data are presented as mean
+ standard deviation. Statistical comparisons
were performed using Student’s t-test or one-
way ANOVA followed by Tukey’s post-hoc test.
For comparisons across multiple time points,
ANOVA with Tukey’s post-hoc test was conduct-
ed using data from each group at the final time
point. Every experiment was replicated a mini-
mum of three times. GraphPad Prism 10.2.3
software (La Jolla, CA, USA) was used for statis-
tical analysis. Statistical significance was set at
P < 0.05.

Results
PDEA4C is highly expressed in PTC

First, we assessed the expression level of
PDE4C in thyroid cancer. UALCAN database
analysis displayed that PDE4C expression was
remarkably elevated in thyroid cancer tissues
compared to adjacent normal tissues (Figure
1A). Furthermore, PDE4C was highly expressed
in thyroid cancer tissues relative to normal tis-
sues, as confirmed by GEPIA2 database analy-
sis (Figure 1B). Results in Figure 1C further
demonstrated that PDE4C was notably upregu-
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Figure 1. Phosphodiesterase 4C (PDE4C) is highly expressed in papillary thy-
roid carcinoma (PTC). A. PDE4C expression in thyroid carcinoma was statisti-
cally significant in UALCAN database. B. GEPIA2 database analysis of PDE4C
expression in thyroid carcinoma. C. PDE4C expression in adjacent tumor tis-
sues and PTC tissues were evaluated by immunohistochemistry (IHC) stain-
ing; scale bar: 100 um, magnification: 40x. *P < 0.05, ***P < 0.001.

lated in PTC tissues compared with adjacent
normal tissues. These data collectively indicate
that PDE4C may be a potential regulator of PTC
biological behaviour.

PDE4C knockdown inhibits the malignant phe-
notype of PTC cells

Given the high expression of PDE4C in PTC, this
study employed sh-PDE4C-1 and sh-PDE4C-2
transfection techniques to establish PDE4C
knockdown models in BCPAP and TPC-1 cell
lines. Western blot and gRT-PCR analyses con-
firmed significant reductions in both PDE4C
MmRNA and protein levels (Figure 2A, 2B).
Functional assays revealed that PDE4C knock-
down markedly inhibited cellular proliferation
activity as assessed by CCK-8 assays, com-
pared with the sh-NC group (Figure 2C).
Transwell assays further demonstrated that
PDE4C interference effectively suppressed
cell migration and invasion capabilities (Figure
2D, 2E). Collectively, these findings indicate
that PDE4C promotes the proliferation, migra-
tion, and invasion of thyroid carcinoma cells in
vitro.
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<O group (Figure 3C). gRT-PCR
and Western blot analyses
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expression was markedly re-
duced at both mRNA and pro-
tein levels following ELAVL1
knockdown (Figure 3D, 3E).
We also observed that ELAV-
L1 depletion markedly decre-
ased PDE4C mRNA stability (Figure 3F), sug-
gesting that ELAVL1 binds to PDE4C mRNA and
enhances its stability.
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ELAVL1 is highly expressed in PTC

Next, we examined the expression level of
ELAVL1 in PTC. UALCAN analysis revealed sig-
nificantly elevated ELAVL1 levels in thyroid can-
cer tissues as opposed to adjacent normal tis-
sues (Figure 4A). We also performed GEPIA2
analysis to compare the ELAVL1 expression in
thyroid cancer tissues and normal tissues. As
presented in Figure 4B, ELAVL1 was upregu-
lated in thyroid cancer tissues relative to nor-
mal tissues. Further validation via IHC con-
firmed stronger ELAVL1 staining in PTC tissues
relative to adjacent normal controls (Figure
4C). These results revealed that ELAVL1 is
overexpressed in PTC, suggesting its potential
oncogenic role.

ELAVL1/PDE4C axis regulates the prolifera-
tion, migration, and invasion of PTC cells

Western blot and gRT-PCR suggested that
PDEA4C overexpression remarkably upregulated
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Figure 2. Effects of PDE4C on PTC cell proliferation, migration, and invasion. A, B. The expression of PDE4C was
verified by quantitative real-time PCR (qRT-PCR) and Western blot. C. Proliferation of PTC cells was determined using
cell counting kit-8 (CCK-8) assay. D. Representative images and histogram analysis of migrated cells after PDE4C
knockdown; scale bar: 200 pm, magnification: 10x. E. The number of invaded cells was determined using Transwell
assay; scale bar: 200 ym, magnification: 10x. **P < 0.01, ***P < 0.001.

both PDE4C mRNA and protein levels (Figure
5A, 5B). Next, BCPAP and TPC-1 cells were co-
transfected with sh-ELAVL1 and/or oe-PDE4C
to investigate whether PDE4C could abolish
the effects of ELAVL1 knockdown on malignant
phenotypes of PTC cells. Results in Figure 5C
revealed that ELAVL1 knockdown notably
attenuated PTC cell proliferation, whereas
PDE4C overexpression partially restored prolif-
erative capacity. Besides, ELAVL1 knockdown
markedly inhibited PTC cell migration and inva-
sion, as revealed by Transwell assays. However,
these effects were partially counteracted by
PDE4C overexpression (Figure 5D, 5E). These
observations suggested that ELAVL1 enhances
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PTC cell proliferation, migration, and invasion
by upregulating PDE4C.

Silencing of PDE4C or ELAVL1 inhibits PTC
growth and LNM

To illustrate the function of ELAVL1/PDE4C axis
in lymphatic metastasis of PTC, BCPAP cells
were injected into the tissues surrounding the
footpads of mice to construct LNM models
(Figure 6A). The knockdown of ELAVL1 or
PDE4C obviously decreased the number of
tumor cells in lymph nodes compared with the
sh-NC treated mice (Figure 6B). Moreover, the
functional role of ELAVL1/PDE4C in PTC tumor
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growth was evaluated, BCPAP
cells treated with sh-NC, sh-
ELAVL or sh-PDE4C were
injected subcutaneously into
the mice (Figure 6A). Results
in Figure 6C-E revealed that
knockdown of ELAVL1 or
PDE4AC remarkably inhibited
PTC tumor growth, reduced
tumor volume, and decreased
tumor weight. Immunohisto-
chemical analysis further con-
firmed these findings, show-
ing a significant decrease in
Ki-67 expression after knock-
down of ELAVL1 or PDE4C
(Figure 6F). These data dem-
onstrated that knockdown of
ELAVL1 or PDE4C inhibits PTC
growth and LNM.

Discussion

PTC represents the most
common endocrine malignan-
cy, with a persistent global
increase in incidence in re-
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Figure 5. ELAVL1 silence suppresses PTC cell proliferation, migration, and invasion by regulating PDE4C. A. gqRT-
PCR analysis of the PDE4C expression in oe-PDE4C/0e-NC transfected PTC cells. B. Western blot for PDE4C levels.
C. CCK-8 revealed proliferation after transfection with oe-PDE4C and/or sh-ELAVL1 in PTC cells. D. Representative
images and histogram analysis of migrated cells; scale bar: 200 ym, magnification: 10x. E. The number of invaded
cells was determined using Transwell assay; scale bar: 200 uym, maghnification: 10x. *P < 0.05, **P < 0.01, ***P
< 0.001.

cent years [17]. Although most patients with that PDE4AC may represent a key regulatory
PTC exhibit favourable outcomes following molecule involved in the initiation and progres-
standardised treatment, the occurrence of sion of PTC.

LNM significantly impacts survival outcomes

and recurrence risk [18]. Thus, elucidating the PDEs, as a key family of enzymes hydrolysing
molecular pathogenesis of PTC is essential for intracellular second messengers cAMP and
developing effective therapeutic strategies. cGMP, play a crucial regulatory role in maintain-
This study focuses on the functional role and ing the dynamic equilibrium of cyclic nucleotide
regulatory mechanisms of PDE4C in PTC pro- signalling pathways [19]. Recent studies have
gression. We discovered that PDE4C expres- revealed that PDEs may contribute to tumor
sion is markedly elevated in PTC tissues and is progression and metastasis by modulating the
positively regulated by the RNA-binding protein tumor microenvironment, cellular metabolism,
ELAVL1 through mRNA stabilisation. ELAVL1 and intracellular signaling. For example, PDE4A
enhances PTC cell proliferation, migration, enhances tumor cell activities by promoting
invasion, tumor growth, and LNM by stabilizing proliferation, migration, invasion, and stem-
PDE4C mRNA. In summary, this study suggests ness characteristics of esophageal squamous
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Figure 6. PDE4C or ELAVL1 enhances tumor growth and lymphatic metastatic potential of PTC in vivo. A. Schematic
representation of in vivo lymphatic metastasis (upper panel) and subcutaneous injection (lower panel) models. B.
Hematoxylin-eosin (HE) staining was performed to evaluate lymph node tumors; scale bar: 200 ym, magnification:
40x and 200x. C. Representative tumors formed by BCPAP cells in each group. D. The effect of ELAVL1 or PDE4C
silence on the tumor volumes in each groups. E. The effect of ELAVL1 or PDE4C silence on the tumor weights in
each groups. F. The representative images of Ki-67 staining; scale bar: 100 ym, magnification: 40x. **P < 0.01,

**%*p < 0.001.

cell carcinoma cells, while also suppressing
apoptosis [20]; PDE4B facilitats cell prolifera-
tion, migration/invasion, and epithelial-to-mes-
enchymal transition in urinary bladder cancer
[241]; Pancreatic cancer is characterized by an
upregulation of PDE4D expression, and elevat-
ed levels of PDE4D are linked to poor overall
survival of patients [22]. As an important mem-
ber of the PDE family, PDE4C was evidenced
to be involved in the progression of many can-
cers. PDE4C was confirmed to be overex-
pressed in thyroid carcinoma [23], osteosarco-
ma [11], and adenomyosis [24]. Furthermore,
elevated PDE4C expression has been identified
as a candidate diagnostic biomarker and is
linked to poor survival in diseases. For instance,
Su et al. revealed that knockdown of PDE4C in
PTC cells induces the inhibitory roles in prolif-
eration, migration, and invasion, highlighting its
possibility of being a treatment target [10]. Our
study revealed that PDE4C was notably overex-
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pressed in PTC tissues, suggesting its potential
as a biomarker. Moreover, knockdown of PDE4C
markedly inhibited the proliferation, migration,
and invasion of PTC cells, suggesting its role in
promoting tumor metastasis [11, 25]. Notably,
in vivo experiments confirmed that silencing
PDEAC effectively suppresses tumor growth
and LNM, thereby corroborating its pivotal func-
tion as a metastasis driver at the systemic
level.

ELAVL1 is a crucial RNA-binding protein that
has been demonstrated to participate in the
initiation and progression of multiple tumors
[26]. Previous studies indicate that ELAVL1
can specifically bind target RNAs, thereby regu-
lating key cellular processes such as prolifera-
tion, differentiation, and apoptosis [27, 28].
Additionally, ELAVL1 is highly expressed in PTC
and exerts oncogenic effects by stabilising tar-
get transcripts [16]. Knockdown of ELAVL1 has
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Figure 7. The mechanism of PDE4C regulatory roles
in lymph node metastasis of PTC. Schematic illus-
tration revealing that ELAVL1 enhances the PDE4C
mMRNA stability by interacting with PDE4C. This inter-
action promotes PTC growth and lymph node metas-
tasis.

been shown to enhance PTC cell viability and
decrease migratory capacity [29]. This study
predicts and identifies PDE4C as a novel bind-
ing target for ELAVL1. Subsequent experi-
ments confirmed that ELAVL1 directly binds to
PDE4C mRNA, thereby enhancing its stability
and upregulating its expression. To our knowl-
edge, this is the first report establishing a
functional relationship between PDE4C and
ELAVL1, highlighting their roles in PTC patho-
genesis. We further discovered that silencing
ELAVL1 significantly suppressed the malignant
phenotype of tumor cells and in vivo tumor pro-
gression, whereas PDE4C overexpression par-
tially reversed this inhibitory effect, consistent
with prior studies [16]. Notably, the ELAVL1/
PDE4C regulatory axis was found to regulate
the malignant cellular behaviors of PTC cells
and modulate tumor growth and LNM. These
results suggested that the axis may promote
PTC invasiveness by augmenting tumor cell pro-
liferation and metastatic potential.

Collectively, we identified the ELAVL1/PDE4C
axis as a critical promoter of PTC progression
and lymph node metastasis (Figure 7), confirm-
ing that ELAVL1 promotes tumor growth and
invasion by stabilising PDE4AC mRNA. PDE4C
may serve as a predictive biomarker and thera-
peutic target for PTC. However, our study has
several limitations. Firstly, the downstream sig-
naling mechanism of PDE4C in PTC remain

648

incompletely elucidated, and its interaction
with the cAMP/cGMP-dependent pathway
needs to be further investigated. Secondly,
although in vivo experiments consistently dem-
onstrate that knocking down ELAVL1 or PDE4C
alone suppresses tumor growth, the lack of res-
cue experiments limits functional validation.
Further studies are needed to confirm the role
of this axis in more physiologically relevant
models.
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