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Globally, ovarian cancer remains a leading cause of gynecologic cancer death.
This poor prognosis is primarily attributed to advanced disease at diagnosis, a
high propensity for recurrence, and the inadequate therapeutic ef cacy of
current standard regimens. Emerging evidence has established the functional
signi cance of transfer RNA-derived small RNAs (tsRNAs) in tumor biology.
Nevertheless, their exact mechanisms and roles in ovarian cancer pathogenesis
are not yet fully understood. Our research was designed to pro le tsRNA
expression, verify its presence in ovarian cancer tissues and established cell
lines, and leverage cellular and animal models to decipher the functional roles
and molecular mechanisms of these molecules. Our analysis revealed that
tsRNA-Ala-3—0030 is signi cantly upregulated in ovarian cancer models.
Higher expression levels of this tsRNA were associated with enhanced
malignant behaviors, including proliferation, migration, and invasion. The
suppression of tsRNA-Ala-3—0030 expression attenuated these malignant
phenotypes, whereas its overexpression promoted tumor progression in both
cellular cultures and xenograft models. Mechanistically, tsSRNA-Ala-3—0030
directly targeted the tumor suppressor ZNF70, leading to its downregulation
and consequent promotion of ovarian cancer growth and metastasis.
Restoration of ZNF70 expression reversed the oncogenic effects of tsRNA-Ala-
3-0030, con rming its pivotal role in mediating this pathway. Collectively, our
ndings reveal tsRNA-Ala-3—0030 as a previously unrecognized oncogenic
regulator that promotes ovarian cancer progression through ZNF70
downregulation. This study elucidates a tsRNA-dependent tumorigenic
mechanism and positions tsRNA-Ala-3—0030 as a dual-purpose prognostic
indicator and therapeutic target, advancing personalized treatment strategies.
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Introduction

Ovarian cancer’s aggressive biology and propensity for late-stage
diagnosis together maintain its standing as a major cause of cancer
death in women globally (1). The characteristically indolent early
presentation of ovarian cancer contributes to its prevalent late-stage
detection, which in turn sustains a poor clinical outcome with only
incremental improvements attributed to current therapeutic
strategies (1). Worldwide, ovarian cancer represents the eighth
most common cancer in women, accounting for approximately
3.7% of incident cancer cases and 4.7% of cancer-associated deaths
in 2020 (2). The cornerstone of ovarian cancer management
integrates cytoreductive surgery with platinum-taxane doublet
chemotherapy. However, a high incidence of disease recurrence
commonly follows this therapeutic approach, constituting a major
factor underlying adverse long-term survival (3). Ovarian cancer
pathogenesis is driven by a combination of genetic alterations—
including mutations in oncogenes like KRAS and tumor suppressor
genes such as BRCA1/2—alongside dysregulated epigenetic
mechanisms (4). However, the molecular mechanisms that drive
tumor initiation and progression remain incompletely understood.
For the rst time, research has systematically delineated the evolving
miRNA landscape throughout the malignant transition from
endometriosis to ovarian carcinoma. This work establishes that
increasing expression of critical miRNAs, particularly within the
miR-200 family, correlates strongly with tumor development (5).
The ndings offer a new molecular framework for developing early
diagnostic biomarkers and targeted therapies, reinforcing the
necessity to innovate both biomarkers and therapeutic agents to
advance personalized treatment strategies (6).

tsRNAs are a newly recognized category of SncRNAs, de ned by
their length of approximately 15 to 40 nucleotides (7). Rather than
arising from stochastic degradation, tsSRNAs originate from highly
controlled processing of tRNA precursors or mature tRNAs at
speci ¢ cleavage sites (7). The speci ¢ cleavage sites determine
the classi cation of tsRNAs into two subtypes: tRNA-derived
fragments (tRFs) and tRNA halves (tiRNAs) (7). Depending on
retention of the 5 or 3 anticodon loop sequence, tiRNAs are
categorized as either 5 -tiRNAs or 3 -tiRNAs (8, 9). Originating
from both precursor and mature tRNAs, tRFs are categorized
according to cleavage location into tRF-1, tRF-3, tRF-5, tRF-2,
and i-tRF subtypes (10). Beyond their biogenesis, tsSRNAs exhibit
diverse biological functions. tSRNAs execute their functions via
mMRNA binding or protein interactions, thereby regulating signal
transduction pathways, controlling gene expression, modulating
cell cycle progression, and in uencing epigenetic regulation and
chromatin modi cations (7). Accumulating data associate tsSRNAs
with various cancer types (11), the exact mechanistic contributions
of tsRNAs to ovarian cancer biology are still largely unde ned.

In this study, we identi ed tsRNA-Ala-3-0030 as a previously
uncharacterized tsSRNA signi cantly upregulated in ovarian cancer.
Through a combination of bioinformatics, molecular assays, and
functional experiments in vitro and in vivo, we investigated its
oncogenic properties and underlying mechanism. Our work
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establishes that tsRNA-Ala-3-0030 promotes ovarian tumorigenesis
through direct inhibition of ZNF70. This reveals novel tsSRNA
functions in ovarian cancer and positions tsSRNA-Ala-3-0030 as a
dual-purpose candidate biomarker and therapeutic target.

Materials and methods
Sample collection

Clinical ovarian cancer samples were acquired from patients
managed at the Department of Obstetrics and Gynecology, First
Af liated Hospital of Soochow University (Ethics Approval No. 027
(2021)). Fresh tumor tissues were processed in two ways: xation in
paraformaldehyde for immunohistochemistry or rapid freezing in
liquid nitrogen for RNA extraction. Clinical data were collected
from 24 patients diagnosed with ovarian cancer and 8 healthy
ovarian tissue specimens. (All diagnoses were con rmed according
to current International Federation of Gynecology and Obstetrics
(FIGO) staging criteria.), as detailed in Supplementary Table S1.

Cell culture and small RNA transfection

HEY cells were acquired from Wuhan Pricella Biotechnology
Co., Ltd. (China). The HO8910 and IOSE80 cell lines were
generously provided by the Department of Obstetrics and
Gynecology at the First Af liated Hospital of Soochow University.
Cells were grown in their respective media: HEY in High-glucose
DMEM, and HO8910 and IOSE80 in RPMI-1640. All media were
supplemented with 10% FBS (TransGen Biotech, China), and cells
were incubated under standard conditions (37 C, 5% CO5).

tsSRNA mimics, inhibitors, agomirs, and antagomirs were
obtained from RiboBio (Guangzhou, China), with sequences
listed in Supplementary Table S3. Small interfering RNAs (100
nM) targeting human ZNF70 were purchased from Biotend
(Shanghai, China), as detailed in Supplementary Table S4.
Plasmids were supplied by Genomeditech (Shanghai, China). Cell
transfection was carried out employing Lipofectamine 3000
(Invitrogen, USA) as per the vendor’s protocol.

Analysis of gene expression by quantitative
RT-PCR

Total RNA was isolated from cells using TRIzol reagent
(Vazyme, China). According to the manufacturer’'s protocol,
cDNA was synthesized from RNA samples using a stem-loop
method-based miRNA 1st Strand cDNA Synthesis Kit (Vazyme,
China). Quantitative reverse transcription PCR was performed in
triplicate with SYBR Green master mix (TransGen Biotech, China)
using a LightCycIer® 96 platform (Roche). The amplicon size for
tsRNA-Ala-3-0030 is 68 bp and the PCR ampli cation was carried
out for 50 cycles. The primer sequences used are listed in
Supplementary Table S5.
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Cell viability, migration, and invasion assays

To assess cell viability, the CCK-8 assay (Life-iLab, China) was
employed. Hey cells were seeded at a density of 3 10 cells per well
in 96-well plates. To evaluate proliferative activity, the EAU DNA
Proliferation Kit (Beyotime Biotechnology, China) was used
according to the supplied protocol. Hey cells were seeded at a
density of 3 10 cells per well in 96-well plates. Fluorescence
images of EdU-positive cells were acquired with an Olympus
microscope. Cell invasion was evaluated by transwell chambers
pre-coated with Matrigel (Corning, USA). To assess migration, after
Hey cells reaching 70-80% con uence, cell concentration was
determined and adjusted to 2.5  10° cells/mL and were
suspended in serum-free medium and added to the 24-well
transwell upper insert (8-nm pore size, Corning, USA), with the
lower compartment lled with High-glucose DMEM containing
10% FBS serving as a chemoattractant. Following a 48-hour
incubation, the membranes were xed and subsequently stained
with 0.1% crystal violet. The stained cells were then imaged under
an Olympus microscope. Cell migratory ability was determined
using a wound healing assay. HEY cells were plated in 6-well plates
(2.5 10° cells/well) and incubated for 24 hours to reach full
con uence. To initiate the wound healing assay, a uniform
scratch was made with a sterile 200-ni pipette tip and the serum
concentration was adjusted to 1% FBS. Cell migration into the
wound area was monitored at 0 and 24-hour time points under a
phase-contrast microscope. Quanti cation of the wound healing
distance was performed with ImageJ software.

Western blot analysis and
immunohistochemistry

Cellular proteins were harvested in RIPA buffer, separated via
SDS-PAGE, and were electrophoretically transferred to PVDF
membranes. To reduce background, the membranes were treated
with 5% BSA for 1 hour at room temperature. Subsequently, they
were incubated with an anti-ZNF70 primary antibody (Invitrogen,
USA) and GAPDH (ABclonal, China) at and 4 C overnight. For
detection, the washed membranes were incubated with HRP-
conjugated secondary antibodies (1 h, room temperature)
(ABclonal, China). Blots were developed using working solution
prepared by mixing ECL reagent (Af nity, China) and NcmECL
Ultra (New Cell & Molecular Biotech, China) according to the
manufacturer’s instructions, followed by imaging with a Tanon
Science & Technology Co., Ltd. (Shanghai, China). For IHC, tumor
tissues were xed, sectioned into 5-nm slices, and stained for
ZNF70 using standard immunohistochemistry protocols.

RNA uorescence in situ hybridization
5 FAM-labeled tsRNA-Ala-3-0030 probes were synthesized by

BersinBio (Guangzhou, China). HEY cells were cultured on 20-mm
confocal dishes and transfected with tsSRNA mimics, tsRNA
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inhibitors, or corresponding controls. For subsequent staining,
48-hour cultured cells were subjected to xation in 4%
paraformaldehyde (20 min), followed by permeabilization using
0.5% Triton X-100 (10 min) and a second xation step with 1%
paraformaldehyde (10 min). After being subjected to graded
ethanol dehydration, samples were incubated with the probe
mixture (1.25 pmol/mL) for overnight hybridization at 42 C.
Following washes, nuclear counterstaining was carried out
with DAPI, and uorescence images were acquired using
confocal microscopy.

Luciferase reporter assay

Cloning of the ZNF70 3 UTR into the pmirGLO-basic vector
yielded the luciferase reporter construct. Co-transfection assays
were performed in HEY cells using tsSRNA-Ala-3-0030 mimics/
controls in combination with wild-type or mutant ZNF70 3'UTR
reporter plasmids. To determine the effect, the relative re y
luciferase activity was quanti ed 48 hours post-transfection with a
Dual-Luciferase Reporter Assay Kit (Promega, USA) on a FLUOstar
Omega system (BMG LABTECH, Germany), with Renilla luciferase
serving as the normalization control.

Tumor xenograft assay

All animal experiments utilized female BALB/c nude mice (nu/
nu, 5-6 weeks old) supplied by Gem Pharmatech (China). The
Institutional Animal Care and Use Committee (IACUC) of
Soochow University reviewed and approved the animal study
protocol. For subcutaneous tumor formation, a suspension of
HEY cells (4 10°) in 50 ni of 1:1 diluted Matrigel was prepared
and administered into the dorsal ank region of mice. When
tumors reached approximately 100 mm , mice were randomized
into four groups (n =5 per group) and treated intratumorally every
3 days with agomir-NC, agomir (5 nmol per injection, RiboBio),
antagomir-NC, or antagomir (20 nmol per injection, RiboBio).
Following four treatment cycles, mice were euthanized and
tumors were excised for subsequent volume and tumor
weight measurements.

Public data and bioinformatics analysis

The RNA-sequencing and clinical data for ovarian cancer
patients (TCGA-OV) were downloaded from the TCGA portal
(https://portal.gdc.cancer.gov/) and normalized using TPM. Based
on median gene expression, patients were categorized into high-
and low-expression groups, and survival analysis was implemented
with the survival and survminer packages in R, as detailed in
Supplementary Table S2. The tsRNA-Ala-3-0030 sequence (tRF-
24-7SHRIFWRE?2) was retrieved from MINTbase. Potential target
genes were predicted using miRanda, TargetScan, and RNAhybrid.
To identify differentially expressed genes, we employed the LIMMA
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package for statistical analysis. Hallmark gene sets were
downloaded from MSigDB, and pathway enrichment analysis was
conducted using clusterPro ler (v4.12.6), with a FDR P-value of less
than 0.05 considered statistically signi cant.

Statistical analysis

All experiments were independently repeated three times, with
data presented as mean — SD. For comparisons between two groups,
a two-tailed Student’s t-test was applied, whereas the Wilcoxon
rank-sum test was used for tumor versus normal tissue expression
analysis. Kaplan-Meier survival curves were constructed, and
intergroup comparisons were evaluated via log-rank testing,
adopting a signi cance threshold of P < 0.05.

Results

tsRNA-Ala-3—-0030 is highly expressed in
ovarian cancer

To decipher tsRNA functions in ovarian tumorigenesis, we
conducted tsRNA expression pro ling through the tsRFun
database platform (8). Three tsRNAs—tsRNA-Ala-3-0030,
tsSRNA-GIly-5-0010, and tsRNA-Glu-5-0010—were signi cantly
upregulated in ovarian cancer tissues (Figure 1A). These
candidates were further validated by qPCR in six paired ovarian
cancer and adjacent normal tissues. Both tsRNA-Ala-3-0030 and
tsSRNA-GIly-5-0010 were notably overexpressed in tumor samples
(Figure 1B; Supplementary Figure S1A), while tsSRNA-Glu-5-0010
showed no signi cant difference between ovarian cancer and
adjacent normal tissues (Supplementary Figure S1B).
Additionally, data from the tRFinder pan-cancer database
revealed speci ¢ enrichment of tsRNA-Ala-3-0030 in ovarian
cancer (Figure 1C). Thus, tsRNA-Ala-3-0030 was selected for
further study. tsRNA-Ala-3-0030’s secondary structure formed a
typical cloverleaf pattern, yielding the functional 24-nucleotide
fragment through speci ¢ processing (Figure 1D). Fluorescence in
situ hybridization (FISH) con rmed the elevated expression of
tsSRNA-Ala-3-0030 in ovarian cancer tissues, where it was
predominantly localized in the cytoplasm (Figure 1E).
Furthermore, tsRNA-Ala-3—-0030 demonstrated elevated
expression in ovarian cancer cells and was predominantly
detected in the cytoplasmic compartment (Figures 1F, G).

tsRNA-Ala-3—-0030 promote ovarian
cancer cell progression

Inhibition of tsSRNA-Ala-3-0030 signi cantly suppressed its
expression, while mimic administration resulted in pronounced
overexpression (Figures 2A, B). As shown in Figures 2C-E, the
tsSRNA-Ala-3-0030 inhibitor markedly reduced cell proliferation,
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whereas the mimic promoted cell proliferation, as assessed by the
CCK-8 (Figure 2C) and EdU assays (Figures 2D, E). Transwell and
wound healing analyses con rmed that tsSRNA-Ala-3-0030
inhibition signi cantly impaired cellular invasion (Figure 2F) and
migration (Figure 2G), whereas its overexpression markedly
enhanced migratory (Figure 2F) and invasive (Figure 2G) capacities.

An in vivo xenograft model was created in nude mice using
HEY cells to investigate tsSRNA-Ala-3-0030's biological role.
Treatment involved every three days administration of tsSRNA-
Ala-3-0030 inhibitor or mimic. No signi cant differences in body
weight were observed among the experimental cohorts. However,
treatment with the tsRNA-Ala-3-0030 inhibitor reduced tumor
growth, while the mimic promoted tumor growth (Figures 3A-E).
Additionally, the tsRNA-Ala-3-0030 inhibitor decreased Ki67
expression in tumor tissues, whereas the mimic increased Ki67
expression (Figure 3F; Supplementary Figure S1C). H&E staining
demonstrated reduced tumor cellularity and expanded necrotic
regions in the tsSRNA-Ala-3-0030 inhibitor group relative to
controls (Figure 3E), suggesting an inhibition of tumor
aggressiveness. Ki67 immunohistochemical quanti cation revealed
signi cantly elevated proportions of Ki67-positive cells in tumors
overexpressing tsSRNA-Ala-3-0030 (Figure 3F), con rming its role
in markedly promoting tumor cell proliferation in vivo.

ZNF70 is a direct target of tsRNA-Ala-3-
0030

To investigate the mechanism underlying the function of tsSRNA-
Ala-3-0030, we utilized TargetScan, miRanda, and RNAhybrid to
predict its target genes, identifying 18 potential candidates (Figure 4A;
Supplementary Table S6). Given the functional similarities between
tsSRNAs and miRNAs, tsSRNAs are generally presumed to possess
gene-silencing capabilities. To explore their potential roles in ovarian
cancer, we analyzed the expression of 18 candidate target genes using
TCGA data. Among these, 9 genes were upregulated, 7 were
downregulated, and 2 showed no signi cant change (Supplementary
Figure S2-S5). Notably, the upregulation of potential target genes
appears inconsistent with the canonical gene-silencing function of
tsSRNAs. The data indicate that tsSRNA-mediated regulation potentially
operates through mechanisms that transcend immediate mRNA
destabilization or translation blockade, possibly engaging indirect
pathways or network-based modulatory effects. Focusing on the 4
downregulated genes, survival analysis revealed that low expression of
ZNF70, ATP11C, COLGALT2, and ZNF784 was signi cantly
associated with poor patient prognosis (Supplementary Figure S3).
This correlation supports the hypothesis that these particular genes
may be functionally relevant downstream targets of tsSRNAs in ovarian
cancer, where their silencing could contribute to disease progression.
In order to further verify, in HEY cells transfected with tsSRNA-Ala-3—
0030 mimics, only ZNF70 mRNA was signi cantly reduced
(Figure 4B). Experimental validation using Western blot analysis
showed that overexpression of tSRNA-Ala-3-0030 mimics in HEY
and OVCAR-8 cells led to a pronounced downregulation of ZNF70
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FIGURE 1

tsRNA-Ala-3—0030 is highly expressed in ovarian cancer. (A) Identi cation of the top three dysregulated tsRNAs in ovarian cancer versus normal
tissues. A volcano plot was generated based on data sourced from the tsRFun database. (B) gPCR analysis of the expression of tsRNA-Ala-3—0030 in
ovarian cancer tissues. (C) The average expression value of tsSRNA-Ala-3-0030 in multiple cancers according to the tRF nder pan-cancer database.
(D) The secondary structure of tRNA-Ala that was the origin of tsRNA-Ala-3-0030. (E) FISH assay for detecting the expression of tsRNA-Ala-3—0030
in ovarian cancer tissues. (F) The gure depicts the expression pro le of tsRNA-Ala-3-0030, as measured by quantitative real-time PCR (qRT-PCR),
in various ovarian cancer cell lines. (G) FISH assay for detecting the location of tsRNA-Ala-3—0030 in HEY cells (GAPDH was used as the
endogenous reference gene for normalizing mRNA expression levels and U6 snRNA was used as the endogenous reference for normalizing small
non-coding RNA expression levels in gRT-PCR assays. 18S rRNA was used as the loading control). *P < 0.05, **P < 0.01.

protein. These results align with the proposed model in which ZNF70
functions as a target gene of tsSRNA-Ala-3-0030 (Figure 4C).
Conversely, in HEY and OVCAR-8 cells transfected with tsRNA-
Ala-3-0030 inhibitors, ZNF70 protein levels were signi cantly
upregulated (Figure 4C). RNAhybrid analysis predicted a binding
site for tsSRNA-Ala-3-0030 within the 3 -UTR of ZNF70 (Figure 4D),
and dual-luciferase assays con rmed direct binding, as tsSRNA-Ala-3—
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0030 signi cantly suppressed the luciferase activity of the ZNF70
3'UTR reporter construct (Figure 4E). Furthermore, ZNF70
expression was signi cantly reduced in ovarian cancer tissues
(Figures 4F, G), and its expression negatively correlated with the
levels of tsRNA-Ala-3-0030 in these tissues. In vivo, intratumoral
administration of tsSRNA-Ala-3-0030 antagomir resulted in elevated
ZNF70 protein levels in xenograft tumors (Figure 4H), whereas
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