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Abstract: Varicose veins are a prevalent vascular disorder
affecting millions of individuals worldwide, and we pre-
viously reported transfer RNA-derived fragment (tRF)
involvement in varicose veins. This study investigated
the role of tRF-36 in varicose vein pathogenesis. Varicose
veins and adjacent normal vascular tissues were collected
to measure the expression of Notch 1, 2, and 3 and the
smooth muscle cell (SMC) markers SMA-α, and SM22α.
Human vascular SMCs (HVSMCs) were transfected to alter
tRF-36 levels and examine the effects on Notch 1–3, tRF-36,
SMA-α, and SM22α expression. Notch 1–3 and tRF-36 levels
were higher in varicose veins than in adjacent normal
vascular tissues. tRF-36 knockdown decreased HVSMC via-
bility, downregulated Notch 1, 2, and 3 expression, and
upregulated SMC markers (SMA-α and SM22α) compared
with control HVSMCs. When the Notch pathway was inhib-
ited, the expression of tRF-36 was significantly reduced.
Additionally, Notch pathway inhibition showed similar
effects to tRF-36 knockdown on HVSMC viability and the
expression of SMA-α and SM22α. Furthermore, a Notch
pathway inhibitor reversed the effects of the tRF-36 mimic
on HVSMCs. Our study suggests a critical role for tRF-36 in
varicose veins and demonstrates that tRF-36 knockdown
may suppress varicose vein progression by inhibiting the
Notch signaling pathway.
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1 Introduction

Varicose veins, characterized by the dilation and tortuosity
of superficial veins, are prevalent vascular disorders
affecting millions of individuals worldwide [1]. This condi-
tion not only leads to aesthetic concerns but also poses
significant health risks, including chronic venous insuffi-
ciency, skin ulcers, and deep vein thrombosis [2–4]. Treat-
ment options for varicose veins include conservativemanage-
ment and surgery, depending on the clinical presentation and
patient preferences [5–7]. Despite the availability of various
treatment options, the pathogenesis of varicose veins remains
unknown, and current therapies frequently do not target the
underlying molecular mechanisms, resulting in high recur-
rence rates and limited long-term effectiveness [8]. Therefore,
in-depth research into the molecular mechanisms underlying
varicose veins is necessary to develop more effective treat-
ment strategies.

In recent years, the role of non-coding RNAs in the
regulation of gene expression and disease pathogenesis
has gained considerable attention [9]. Transfer RNA-
derived fragments (tRFs) are members of the small RNA
family that have diverse biological functions, such as reg-
ulating mRNA stability, epigenetic modifications, cell pro-
liferation, and apoptosis [10]. tRFs are reported to partici-
pate in many human diseases, such as neurodegenerative
diseases [11], infectious diseases [12], and cancer [13]. Our
previous study demonstrated the involvement of tRFs in
varicose veins using small RNA sequencing [14]. Moreover,
three differentially expressed tRFs (tRF-36 [upregulated],
tRF-23 [upregulated], and tRF-40 [downregulated]) were
shortlisted according to their high abundance and fold
changes, and their expression levels were validated by
real-time quantitative polymerase chain reaction (RT-
qPCR) (P < 0.01 for tRF-36; P < 0.05 for tRF-23 and tRF-40).
Based on these significant differences, we selected tRF-36
for further analysis. To the best of our knowledge, tRF-36
has only been reported in acute pancreatitis [15]. That
report revealed that tRF-36 was upregulated in the serum
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of patients with acute pancreatitis and may act as a pro-
spective target for acute pancreatitis. However, the exact
mechanism of action of tRF-36 in varicose veins has not
been elucidated.

The Notch pathway, a highly conserved intercellular
communication system, plays a critical role in the decision
of cell fate, tissue homeostasis, and disease progression
[16,17]. In mammals, there are four Notch family receptors
(Notch 1, 2, 3, and 4) and five ligands (delta-like [DLL]-1, -3,
-4, Jagged-1, and -2) [18]. During angiogenesis, the Notch
pathway not only regulates the proliferation and differen-
tiation of endothelial cells, the formation of vascular
branches, and the morphogenesis of blood vessels but
also helps maintain the integrity of vascular endothelial
cells and regulates the proliferation, migration, and con-
traction of vascular smooth muscle cells (VSMCs) [19].
Dysregulation of the Notch pathway has been implicated
in various pathological conditions, including vascular
diseases [20]. Zhao et al. [21] demonstrated that PM2.5

exposure could induce and aggravate atherosclerosis
in rats by disrupting lipid metabolism, in which the
Notch signaling pathway may play an important role.
Another study showed that linarin improved restenosis
after vascular injury in type 2 diabetes by modulating the
disintegrin and metalloproteinase domain-containing
protein 10-mediated Notch signaling pathway [22]. In
addition, a recent investigation reported that in the
arterial system, a transcriptional activator of endothelial
Notch causes endothelial dysfunction in varicose veins
through Notch4/DLL-4 signaling [23], which suggests
a function of the Notch pathway in varicose veins.
However, the interplay between tRF-36 and the Notch
pathway in varicose veins has not yet been thoroughly
investigated.

Smooth muscle cells (SMCs) play a role in vascular
homeostasis in vein walls. Any alteration in the SMCs can
alter the structure and function of other venous layers,
resulting in increased endothelial permeability and sub-
stance release [25]. The development of varicose veins is
closely related to phenotypic switching of VSMCs [24]. SMA-
α and SM22α are SMC markers and are closely associated
with the phenotypic switching of VSMCs, thereby playing
important roles in varicose veins. Therefore, in this study,
human VSMCs (HVSMCs) were used to elucidate the role of
tRF-36 in varicose veins and explore its potential mechan-
isms of action via the Notch pathway. Understanding the
molecular underpinnings of varicose veins may facilitate
the development of more effective and targeted treatment
strategies, ultimately improving patient outcomes and
quality of life.

2 Materials and methods

2.1 Patient recruitment and sample
collection

Between March and June 2021, three patients diagnosed
with varicose veins were recruited at Shanghai East
Hospital, Tongji University School of Medicine. Varicose
vein tissues and their corresponding adjacent normal vas-
cular tissues were collected from all patients. Collected
tissues were fixed in 4% paraformaldehyde for 24 h.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations
and institutional policies and in accordance with the tenets
of the Helsinki Declaration and has been approved by the
Institutional Ethics Committee of Shanghai East Hospital,
Tongji University School of Medicine.

2.2 Immunofluorescence (IF)

The fixed tissue samples were decalcified in ethylenedia-
minetetraacetic acid for 72 h, dehydrated with graded
ethanol solutions, and embedded in paraffin. After blocks
were cut into 4–5 μm thick slices, dewaxing, rehydration,
antigen retrieval, and blocking with goat serum and for endo-
genous peroxidases were performed. Then, the tissue sections
were incubated with anti-Notch 1 antibody (1:50, Notch 1#
AF5307; Affinity, USA), anti-Notch 2 antibody (1:20, Notch 1#
AF5296; Affinity), anti-Notch 3 antibody (1:20, Notch 1# DF7193),
anti-SMA-α (1:20, SMA-α# AF1032; Affinity), or anti-SM22α (1:20,
SM22α# AF9266; Affinity) at 4°C overnight. After washing, the
sections were incubated with a secondary antibody at 37°C for
35min. After washing, 4,6-diaminidine 2-phenylindole was used
to stain the sections, which were then sealed with anti-fluores-
cence quenching sealing tablets. Images were acquired using a
confocal microscope (Leica, Heidelberg, Germany).

2.3 Cell culture and transfection

HVSMCs were purchased from the Cell Bank, Chinese
Academy of Sciences (Shanghai, China) and maintained in
Dulbecco’s modified Eagle’s medium (Corning, Manassas,
VA, USA; Cat # 10-013-CVR) containing 10% fetal bovine serum
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(Gibco, Gaithersburg, MD, USA) and 1% penicillin/strepto-
mycin (E607011; Sangon, Shanghai, China). Then, the
HVSMCs were cultured at 37°C and were passaged upon
reaching 80–90% confluence.

For cell transfection, the mimics/inhibitor negative con-
trol (NC), and tRF-36 mimics/inhibitor were prepared and
purchased from General Biology (Anhui, China), and cell
transfection was performed as described previously [26].
Briefly, HVSMCs were seeded in 6-well plates at a density of
3 × 105 cells/well. After the cell confluency reached 80–90%,
the medium was changed into serum-free medium, and the
HVSMCs were transfected with 5 μL mimics/inhibitor NC or
tRF-36 mimics/inhibitor using Lipofectamine™ 2000 (Invi-
trogen, USA). After 6 h, the serum-free medium was replaced
with a complete medium. Transfection efficacy was evaluated
by determining the expression of tRF-36 using RT-qPCR.

2.4 Cell treatment

HVSMCs were seeded in 6-well plates at a density of 3 × 105

cells/well. To select the optimal concentration of a kind of
γ-secretase inhibitor GSI-IX (DAPT) (Notch signaling
pathway inhibitor; Selleck, Houston, TX, USA; # S2215), dif-
ferent concentrations of DAPT (0, 2.5, 5, 10, or 20 μM) were
used to treat the HVSMCs with 0 μM DAPT as the control,
and the expression of Notch 1, 2, and 3 were measured
using RT-qPCR. To investigate the role of tRF-36 in
HVSMC growth, cells were transfected with tRF-36 mimic
or inhibitor, with HVSMCs transfected with mimic NC or
inhibitor NC as controls. To further explore the effects of
Notch signaling pathway inhibitors, HVMSCs were divided
into four groups: DMSO (control), DAPT, tRF-36 inhibitor,
and DAPT + tRF-36 inhibitor.

2.5 Cell viability assay

The viability of HVSMCs was determined using cell counting
kit-8 (CCK-8; Beyotime, Shanghai, China). HVSMCs were incu-
bated with different treatments for 24, 48, 72, and 96 h. Then,
10 μL of CCK-8 reagent was added to cells and incubated for
2 h. The absorbance at 450 nm was determined by a micro-
plate reader (Infinite M1000; Tecan, Switzerland).

2.6 RT-qPCR

Total RNA was extracted from HVSMCs after different
treatments by TRIzol (Invitrogen) and reverse transcribed
into cDNA with PrimeScript™ II 1st Strand cDNA synthesis

kit (Takara Biomedical Technology (Beijing) Co., Ltd). The
RT-qPCR reaction was carried out using SYBR green PCR
master mix on an ABI Q6 system (Applied Biosystems, USA)
and was initiated at 50°C for 3 min, 95°C for 3 min, followed
by 40 cycles at 95°C for 10 s and 60°C for 30 s. The relative
expression levels of tRF-36, Notch 1, 2, 3, and 4, SMA-α, and
SM22α were calculated using the 2−△△Ct method. The pri-
mers are listed in Table 1.

2.7 Western blot

Total protein was isolated from HVSMCs after different
treatments and quantified using a BCA protein assay kit
(Boster Biological Technology Co., Ltd, Wuhan, China).
Subsequently, the total protein (20 μg) was separated and
transferred onto polyvinylidene fluoride membranes.
After blocking with 5% skim milk, the membranes were
incubated with the anti-Notch 1 antibody (1:1,000), anti-
Notch 2 antibody (1:1,000), anti-Notch 3 antibody (1:500),
or anti-GAPDH antibody (1:5,000) at 4°C overnight.
Afterward, the membranes were incubated with an HRP-
conjugated secondary antibody (1:1,000; Beyotime) at 37°C
for 2 h. After washing, the bands were visualized using an
enhanced chemiluminescence assay kit (Thermo).

Table 1: The sequences of all primers used in this study

Primers Primer sequence (5′–3′)

Actin-F AGCACAGAGCCTCGCCTTTG
Actin-R CTTCTGACCCATGCCCACCA
U6-F CGATACAGAGAAGATTAGCATGGC
U6-R AACGCTTCACGAATTTGCGT
Notch1-F CTCATCAACTCACACGCCGA
Notch1-R GGTGTCTCCTCCCTGTTGTTCT
Notch2-F GTATTGGCTCCCTGTTCCCC
Notch2-R AATGGTACACCGCTGACCTTG
Notch3-F AGGTGATCGGCTCGGTAGTAAT
Notch3-R CTGACAACGCTCCCAGGTAGT
Notch4-F GCCCCTCCCACTCTCGGT
Notch4-R TCACAGTCGTAGCCATCAAACAG
SMAα-F CCAGCTATGTGTGAAGAAGAGGAC
SMAα-R CTTTTTGTCCCATTCCCACCA
SM22α-F AATGGCGTGATTCTGAGCAAG
SM22α-R CCATAGTCCTCAGCCGCCT
tRF-36-RT GTCGTATCCAGTGCGTGTCGTGGAGTCGG

CAATTGCACTGGATACGACGGGTGAA
tRF-36-F ACATGGTCTAGCGGTTAGGATTC
Downstream universal
primer

AGTGCGTGTCGTGGAGTCG

tRF36 in HVSMCs  3



2.8 Statistical analysis

Data are shown as mean ± standard deviation. Data were
compared using Student’s t-test (for two groups) or one-
way analysis of variance followed by Dunnett’s multiple
comparison post hoc tests (for more than two groups) using
GraphPad Prism software. Statistical significance was set at
P < 0.05.

3 Results

3.1 Expression of Notch 1, 2, and 3 in
varicose vein tissues

Varicose veins and adjacent normal vascular tissues were
collected from participants to detect the expression of

Figure 1: The expression of Notch 1, 2, and 3 in varicose vein (VV) tissues and adjacent normal vein (ANV) samples. (a) The fluorescence intensity of
Notch 1, 2, and 3 detected by IF. (b) The mRNA expression of Notch 1, 2, and 3 measured by real-time quantitative PCR (RT-qPCR). *P < 0.05 compared
to ANV.
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Notch 1, 2, and 3 by IF and RT-qPCR. IF showed that Notch 1
fluorescence intensity was significantly elevated in vari-
cose vein tissues compared to adjacent normal tissues
(P < 0.05); similar results were also observed for Notch
2 and 3 expressions (Figure 1a). In addition, the trend of
Notch1/2/3 mRNA expression in varicose vein tissues and
adjacent normal vascular tissues determined by RT-qPCR
was consistent with that of Notch 1/2/3 fluorescence intensity
detected by IF (Figure 1b). These results indicate that Notch
1/2/3 could be expressed at higher levels in varicose veins.

3.2 Expression of SMA-α and SM22α in
varicose vein tissues

To further explore the varicose vein phenotype in human
tissue samples, the expression of smooth muscle markers
(SMA-α and SM22α) in varicose vein tissues and adjacent

normal vascular tissues was measured by IF and RT-qPCR.
Thefluorescence intensity of SMA-α and SM22αwas significantly
reduced in the varicose vein tissues in comparison with the
adjacent normal vascular tissues (P < 0.05; Figure 2a). Further-
more, RT-qPCR demonstrated similar reductions in the SMA-α
and SM22α expression in varicose vein tissues compared with
adjacent normal vasculature (Figure 2b).

3.3 Cell transfection efficiency and selection
of the optimal DAPT concentration

Compared with adjacent normal vascular tissues, the level
of tRF-36 was significantly higher in varicose vein tissues
(P < 0.05; Figure 3a). Therefore, to study the effects of tRF-
36 on the growth of HVSMCs, HVSMCs with tRF-36 over-
expression and knockdown were established, and their
transfection efficiency was confirmed by RT-qPCR. There

Figure 2: Expression of SMA-α and SM22α in varicose vein tissues. (a) The fluorescence intensity of SMA-α and SM22α detected by IF. (b) The mRNA
expression of SMA-α and SM22α measured by RT-qPCR. *P < 0.05 compared to ANV.
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was no significant difference in tRF-36 expression between
the mimic NC and inhibitor NC groups (P > 0.05), and tRF-36
expression increased significantly after transfection with
tRF-36 mimics (P < 0.05) but was decreased after transfec-
tion with the tRF-36 inhibitor (P < 0.05; Figure 3b). These
results suggested that HVSMCs with tRF-36 overexpression
and knockdown were successfully established.

To determine the optimal concentration of DAPT,
HVSMCs were treated with different concentrations of
DAPT, and the expression of Notch 1, 2, and 3 was mea-
sured. When the DAPT concentration was 20 μM, the
expressions of Notch 1, 2, and 3 were significantly down-
regulated compared to the control cells (P < 0.05; Figure
3c–e) and showed an optimal inhibition effect on the Notch
signaling pathway. Therefore, we selected 20 μM DAPT to
treat HVSMCs in the subsequent experiments.

3.4 Effects of tRF-36 on the growth of
HVSMCs

Subsequently, we examined the effects of tRF-36 on HVSMC
growth. There was no significant difference in HVSMC via-
bility between the inhibitor NC and tRF-36 inhibitor groups

or the mimic NC and tRF-36 mimic groups after 24 h of
culture (P > 0.05; Figure 4a). However, after culturing for
48, 72, and 96 h, the viability of HVSMCs was significantly
inhibited in the tRF-36-knockdownHVSMCs compared to the
cells transfected with inhibitor NC (P < 0.05), whereas via-
bility was markedly enhanced in the tRF-36-overexpressed
HVSMCs in comparison to the NC group (P < 0.05; Figure 4a).
Next, the expression levels of Notch pathway-related genes
(Notch 1, 2, 3, and 4) were measured. Compared to the cor-
responding NC group, the mRNA expression of Notch 1,
2, and 3 was significantly upregulated after tRF-36 overex-
pression (P < 0.05), whereas they were markedly downregu-
lated after tRF-36 knockdown (P < 0.05; Figure 4b–d). Notch
4 mRNA expression was not significantly changed after
transfection with the tRF-36 inhibitor (P > 0.05) but was
upregulated after transfection with tRF-36 mimics (P <

0.05; Figure 4e). Smooth muscle marker (SMA-α and
SM22α) expression was significantly higher in the HVSMCs
with tRF-36 knockdown than that in the inhibitor NC group
(P < 0.05) but was lower in the HVSMCs with tRF-36 over-
expression than that in the mimics NC group (P < 0.05;
Figure 4f and g). In addition, the tendencies of Notch 1, 2,
and 3 protein levels were consistent with their mRNA levels
(P < 0.05; Figure 4h).

Figure 3: Cell transfection efficiency and selection of the optimal DAPT concentration. (a) The level of tRF-36 in the varicose vein tissues measured by
RT-qPCR. *P < 0.05 compared to ANV. (b) The expression level of tRF-36 after cell transfection detected by RT-qPCR. *P < 0.05 compared to mimic NC
and #P < 0.05 compared to inhibitor NC. The expression of Notch 1 (c), 2 (d), and 3 (e) after cells treated with different concentrations of DAPT. *P < 0.05
compared to control, #P < 0.05 compared to DAPT 2.5, and $P < 0.05 compared to DAPT 5.
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Figure 4: Effects of tRF-36 on the growth of HVSMCs. (a) The cell viability in the HVSMCs after transfection with tRF-36 inhibitor or tRF-36 mimic
detected by CCK-8. The mRNA expression levels of Notch 1 (b), 2 (c), 3 (d), and 4 (e) after cell transfection detected by RT-qPCR. The mRNA levels of SMA-
α (f) and SM22α (g) after cell transfection detected by RT-qPCR. (h) The protein levels of Notch 1, 2, and 3 after cell transfection detected by western
blot. *P < 0.05 compared to inhibitor NC and #P < 0.05 compared to mimics NC.
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3.5 Effects of the Notch pathway on the
growth of HVSMCs

To further investigate whether tRF-36 regulates varicose
vein progression through the Notch pathway, we inhibited
the Notch pathway with DAPT and detected the expression
of tRF-36. As expected, after HVSMCs were treated with
DAPT, the expression of tRF-36 was significantly reduced
compared to that in cells treated with DMSO (P < 0.05;
Figure 5a). After 48, 72, and 96 h of culture, the viability
of HVSMCs was significantly reduced after DAPT treatment
compared to the DMSO group (P < 0.05), while viability was
increased after transfection with tRF-36 mimics (P < 0.05).
In the DAPT + tRF-36 mimics group, the viability was
restored to a level similar to that in the DMSO group (P >

0.05; Figure 5b). Furthermore, the mRNA expression of
SMA-α and SM22α was significantly upregulated after
DAPT treatment compared with the DMSO group (P <

0.05), while they were downregulated after transfected

with tRF-36 mimics (P < 0.05; Figure 5c and d). No signifi-
cant difference in the SMA-α and SM22α mRNA expression
was observed between the DMSO and DAPT + tRF-36
mimics groups (P > 0.05; Figure 5c and d). These outcomes
implied that DAPT reversed the effects of tRF-36 mimics on
the viability of HVSMCs and the expression of SMA-α and
SM22α.

4 Discussion

Varicose veins can damage blood vessels, cause painful
swelling, lead to thrombosis, increase in prevalence with
age, and affect a person’s productivity and quality of life
[27,28]. The global prevalence of varicose veins remains
high, occurring in 1–73% of women and 2–56% of men
[29,30]. However, the pathogenesis of varicose veins
remains unclear and the pathogenic mechanisms remain

Figure 5: Effects of Notch pathway on the growth of HVSMCs. (a) The mRNA expression of tRF-36 after cells treated with DAPT detected by RT-qPCR. (b)
The viability of HVSMCs after cell transfection or DAPT treatment detected by CCK-8. The mRNA expression of SMA-α (c) and SM22α (d) after cell
transfection or DAPT treatment detected by RT-qPCR. *P < 0.05 compared to the DMSO group, #P < 0.05 compared to the DAPT group, and $P < 0.05
compared to the tRF-36 mimics group.
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elusive preventing the development of new treatments
[31]. tRF-36 is upregulated in the vascular tissue of patients
with varicose veins [14] and the Notch signaling pathway
has been implicated in varicose veins [23]. However, the
interaction between tRF-36 and the Notch pathway in var-
icose veins had not previously been explored. Here, we
found that the Notch pathway was potentially activated
in varicose veins and that tRF-36 levels were significantly
higher in varicose vein tissues than in adjacent normal
vascular tissues. Compared with the NC groups, tRF-36
knockdown significantly decreased the viability of
HVSMCs, downregulated the expression of Notch 1, 2, and
3, and upregulated smooth muscle markers (SMA-α and
SM22α). In addition, DAPT (a Notch pathway inhibitor)
had similar effects to tRF-36 knockdown and could reverse
the effects of tRF-36 mimics on the viability of HVSMCs and
the expression of SMA-α and SM22α. Therefore, we specu-
lated that tRF-36 knockdown may suppress varicose vein
progression by inhibiting the Notch signaling pathway.

Varicose veins are associated with abnormal dilation
and dysfunction of blood vessel wall [29]. HVSMCs play a
central role in the normal functioning of blood vessels,
including vasoconstriction, vessel wall maintenance, and
repair [32]. Additionally, abnormal behavior of SMCs, such
as excessive proliferation, migration, or apoptosis, may be
related to the development of varicose veins [33,34]. Phe-
notypic abnormalities of SMCs in varicose veins have been
reported to cause functional disturbance [34]. Therefore, in
this study, we used HVSMCs to investigate the function of
tRF-36 in varicose veins.

Although the role of tRFs in many biological processes
has been extensively investigated, their role in varicose
veins has not been fully explored [35]. A previous study
suggested that tRFs, including tRF-36, tRF-23, and tRF-40,
are differentially expressed in varicose veins [14]. Recently,
Mahmutoglu et al. [36] investigated the correlation between
tRF-36, tRF-23, and tRF-40 and varicocele progression. The
results showed that tRF-36 may play a role in varicocele pro-
gression; however, the exact mechanism remained unclear.
This study showed that tRF-36 was highly expressed in the
varicose veins, and tRF-36 knockdown significantly decreased
the viability of HVSMCs and increased the expression of SMA-
α and SM22α. As non-terminally differentiated cells, VSMCs
have two characteristic phenotypes: contractile and synthetic
[37]. The VSMCs in adults are mainly of the contractile phe-
notype, and the SM22α is highly expressed in the cytoplasm.
When the intima of the vascular wall is damaged or the
vascular wall is stimulated by various factors, the VSMCs
transform from a contractile phenotype into a synthetic one
[38]. SMA-α is a vascular smooth muscle actin, which is
mainly synthesized and expressed in contractile phenotype

VSMCs [39]. Chen et al. [40] reported that SM22α and SMA-α
were downregulated in varicose veins, indicating that VSMCs
had transformed the contractile phenotype into a synthetic
phenotype. Phenotypic changes in VSMCs promote venous
wall remodeling, leading to the development of varicose
veins. Taken together, it can be inferred that tRF-36 knock-
down could upregulate the expression of α-SMA and SM22α.
Thus, tRF-36 knockdown may be conducive to the transfor-
mation of VSMCs into a contractile phenotype, indicating the
significance of tRF-36 in veins.

The Notch pathway is involved in many biological pro-
cesses, including cell proliferation, fate determination, dif-
ferentiation, and apoptosis. In the vascular system, the
Notch pathway is critical for normal development and
functional maintenance of blood vessels [41]. Notch sig-
naling regulates the proliferation and migration of VSMCs,
which play a critical role in the development of varicose
veins [42]. Aberrant Notch signaling may lead to excessive
proliferation and migration of VSMCs, resulting in abnormal
dilation of the vessel wall [43]. In the present study, Notch 1, 2,
and 3 were upregulated in varicose vein tissue samples, as
detected by IF, suggesting that the Notch signaling pathway is
potentially activated in varicose veins. The expression of tRF-
36 was significantly decreased when the Notch pathway was
inhibited. Additionally, inhibition of the Notch pathway
resulted in similar effects as tRF-36 knockdown on the viabi-
lity of HVSMCs and the expression of SMA-α and SM22α.
Further studies revealed that Notch pathway inhibition
reversed the effects of the tRF-36 mimic on the viability of
HVSMCs. A previous study by Sreelakshmi et al. [23] demon-
strated that Notch components are highly expressed in the
neointima of varicose veins, and in vitro experiments have
shown that even small changes in the venous flow pattern
can enhance the ETS1/Notch signaling pathway, indicating

Figure 6: The relationships between varicose vein, tRF-36, and Notch
signaling.
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that the Notch pathway plays an important role in the pro-
gression of varicose veins. Another study showed that fork-
head box C2 (FOXC2) and FOXC2 antisense RNA 1 (FOXC2-AS1)
were upregulated in varicose veins, and the overexpression
of FOXC2-AS1 promoted phenotypic transition, prolifera-
tion, and migration of human great saphenous vein
SMCs by activating the Notch pathway. However, both
FOXC2 silencing and the Notch signaling inhibitor FLI-06
could eliminate the effects of FOXC2-AS1 overexpression
[44]. Taken together with our results, these reports
suggest that tRF-36 knockdown may inhibit the growth
and phenotypic transition of HVSMCs by inhibiting
the Notch pathway, thereby suppressing varicose vein
development. However, it should be noted that the
specific roles and mechanisms of Notch signaling in var-
icose veins are quite complex and require further
exploration.

This study has some limitations. First, the sample size
of three patients was small, which limits the generaliz-
ability of the findings. Therefore, our conclusions need to
be further verified in a larger cohort. Second, the limita-
tions of the assays used, such as the potential cross-reac-
tivity of antibodies in IF and the efficiency and specificity
of transfection reagents, should be considered in the
future. In addition, our results must be verified through
in vivo experiments.

In conclusion, our study suggested the critical role of
tRF-36 in varicose veins. Importantly, we demonstrated for
the first time that tRF-36 knockdown suppressed varicose
vein development by inhibiting the Notch pathway (Figure 6).
Our study provides new evidence for the functional roles of
tRF-36 in varicose veins and lays the foundation for the devel-
opment of effective therapeutic strategies based on the knock-
down of tRF-36 and inhibition of the Notch pathway in var-
icose veins.
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