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SIRT7 affects the proliferation @
and apoptosis of papillary thyroid cancer cells
by desuccinylation of LATST

Qinghua Li' and Gang Pu""

Abstract

Background Papillary thyroid cancer (PTC) is one of the malignant tumors with rapidly increasing morbidity

and mortality. Sirtuin 7 (SIRT7) is a desuccinylase that is involved in tumorigenesis. The activation of large tumor
suppressor 1 (LATS1) can effectively suppress tumorigenesis in multiple tumors and can be affected by SIRT7. This
study aimed to explore the role and mechanism of SIRT7 in PTC progression.

Methods The RNA and protein levels were detected by quantitative real-time PCR (gPCR) and western blot,
respectively. Cell proliferation was measured by cell counting kit-8 and colony formation. The apoptosis of PTC cells
was analyzed by flow cytometry and Live/dead cell staining. The interaction between proteins was detected by
co-immunoprecipitation.

Results The results showed that SIRT7 was highly expressed in PTC tissues and cells. Functional studies showed
that knockdown of SIRT7 inhibited the proliferation and induced apoptosis of PTC cells. Mechanistically, SIRT7 could
directly interact with LATS1 and reduce the stability of the LATS1 protein. Later, rescue experiments suggested

that LATS1 silencing reversed the effect of SIRT7 knockdown on PTC cell growth and apoptosis. In addition, SIRT7
promoted tumor growth in vivo.

Conclusion Taken together, silencing of SIRT7 promotes the succinylation of LATST to enhance LATS1 stability, thus
inhibiting the progression of PTC. Therefore, SIRT7 and LATST may become novel and potential therapeutic targets for
PTC.
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Introduction

Papillary thyroid cancer (PTC) is one of the most com-
mon malignant tumors of the endocrine system,
accounting for about 90% of all follicular-derived well-
differentiated thyroid cancers (TC) [1]. Although PTC
growth is slow and the overall prognosis is good, most
patients with PTC have cervical lymph node metastasis
at the time of diagnosis [2]. In addition, a small percent-
age of tumors exhibit more aggressive heterogeneity with
higher rates of recurrence and metastasis [3]. Therefore,
it is of great significance to further explore the func-
tional genes related to the occurrence and development
of PTC and find new potential diagnostic and therapeutic
targets.

Succinylation is a post-translational modification of
proteins that is the process by which succinyl donors
covalently bind succinyl groups to lysine residues by
enzymatic or non-enzymatic methods [4]. It is usually
regulated by desuccinylases such as sirtuin 5 (SIRT5) and
sirtuin 7 (SIRT7) in eukaryotes [5]. Abnormal succinyl-
ation can affect the development of several diseases, such
as tumors, cardiometabolic diseases, liver metabolic dis-
eases, and nervous system diseases [6]. Growing evidence
has demonstrated that various cancers can be promoted
or inhibited by modulating the level of succinylation at
substrate targets [7-9]. Succinylation can promote the
occurrence of gastric cancer, breast cancer, renal clear
cell carcinoma, and glioma, and has a tumor-suppressive
effect on lung cancer, liver cancer, and osteosarcoma [10].
However, relatively few studies have investigated the role
of succinylation in PTC. Existing research shows that
succinylation can affect thyroid hormone synthesis, and
regulation of this post-translational modification can
inhibit apoptosis and migration of TC cells [11]. How-
ever, the specific regulatory mechanism of succinylation
in PTC is still unclear.

SIRT7, as an NAD-+-dependent histone desuccinyl-
ase, is a member of the sirtuin (SIRT) family, which is
involved in gene regulation, genome stabilization, aging,
tumorigenesis, and other processes [12]. The dysregula-
tion in SIRT7 disrupts metabolic homeostasis, acceler-
ates aging, and increases the risk of age-related diseases,
including cardiovascular, neurodegenerative, kidney,
lung, and inflammatory diseases, and cancers [13]. Evi-
dence suggests that SIRT7 is highly expressed in differ-
ent types of cancer [14]. It is worth noting that SIRT7
promotes the proliferation and migration of anaplastic
TC cells by regulating the desuccinylation of KIF23 [15].
SIRT7 promotes thyroid tumorigenesis through phos-
phorylation and activation of Akt and p70S6K1 via the
modulation of the DBC1/SIRT1 axis [16]. However, the
molecular mechanism of SIRT7-mediated succinylation
in PTC remains not fully elucidated and requires further
study.
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Large tumor suppressor 1 (LATS1) has the function
of modulating many carcinogenic or tumor suppressor
effectors, including the Aurora mitotic kinase family, the
canonical Hippo effectors YAP/TAZ, and the tumor sup-
pressive transcription factor p53 [17]. A study has shown
that overexpression of LATS1 inhibits nuclear transloca-
tion of YAP in TC cell lines, thereby activating the Hippo
signaling pathway to inhibit proliferation, migration, and
invasion and promote apoptosis of TC cells [18]. Inter-
estingly, SIRT7 promotes deacetylation of DNA dam-
age-binding protein 1, leading to the accumulation or
activation of LATS1 and p73, which contribute to actino-
bacillin-D and 5-fluorouracil-induced apoptosis [19].

Given the relationship between SIRT7 and LATS], in
this study, we aimed to investigate the effect of SIRT7
on PTC progression and whether LATS1 was involved
in SIRT7-mediated succinylation in the PTC. This study
may provide a new strategy and research direction for the
treatment of PTC.

Materials and methods
Bioinformatic analysis
The association genes of SIRT7 in PTC were predicted by
the LinkedOmics database (https://www.linkedomics.org
/login.php).

The succinylation modification sites in LATS1 were
predicted by the GPSuc website (http://kuratal4.bio.kyu
tech.ac.jp/GPSuc/).

Clinical sample collection

Thirty-two PTC tissue specimens and correspond-
ing adjacent non-tumor tissues from patients with PTC
were collected and stored in liquid nitrogen for use. All
tissue samples were verified by pathological examina-
tion. Patients were enrolled in this study after signing
written informed consent, and this study was approved
by the Ethics Committee of Affiliated Hospital of Beihua
University.

Cell culture

Human normal thyroid cell lines Nthyori-3 and PTC
cell lines (TPC-1 and KTC-1) were purchased from the
Chinese Academy of Sciences (Shanghai, China). All
cell lines were routinely cultured in Dulbecco’s modified
Eagle’s medium (DMEM; ThermoFisher, Waltham, MA,
USA) containing 10% fetal bovine serum (FBS; Biosera,
Nuaille, France), 100 U/mL penicillin, and 100 mg/mL
streptomycin at 37°C with 5% CO,. The culture medium
was changed every 2 ~ 3 days. The cells in the logarithmic
growth phase were used.

Cell transfection
Short hairpin (sh) RNA targeting SIRT7 (shSIRT?7),
shRNA targeting LATS1 (sh LATS1), and shRNA
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negative control (shNC) were synthesized by Geneph-
arma (Shanghai, China). LATS1 site-directed mutant
plasmids (K6R, K589R, and K652R) were generated
using the QuickChange II site-directed mutagenesis kit
(Applied BioSystems, Carlsbad, CA, USA) according to
the manufacturer’s instructions. The cells (6 x 10* cells/
mL) in the logarithmic growth stage were collected and
seeded in six-well plates at the density of 2 mL/well.
Transfection was conducted in PTC cells using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) when
the cell confluence reached 85%.

Quantitative real-time PCR (q-PCR)

Total RNA was separated and extracted from tissues and
cell lines using Trizol reagent (Invitrogen) according to
the manufacturer’s instructions, and RNA concentration
was measured. The Hi-Fi cDNA synthesis kit (Abcam,
Cambridge, MA, UK) reversely transcribed 1 pg of total
RNA into ¢cDNA. Primers were synthesized by Sangon
Biotech (Shanghai, China). The mRNA levels were mea-
sured by q-PCR in a 20 pl reaction system containing
specific primers and SYBR Green Master Mix (Takara,
Dalian, China) according to the manufacturer’s protocols
on the CFX96 Real-Time PCR detection system (Bio-Rad,
Hercules, CA, USA). The amplification process was per-
formed as follows: pre-denaturation at 95°C for 5 min,
denaturation at 95°C for 10 s, annealing at 60°C for 20 s,
and then extension at 72°C for 30 s, for 40 cycles. A melt-
ing curve of each amplicon was determined to verify its
specificity. With GAPDH as the internal control, the rela-
tive mRNA levels were measured by a 2724 method in
each group.

Cell viability

Cell viability was assessed using a cell-counting kit-8
(CCK-8; Solarbio, Beijing, China) after transfection for
48 h. PTC cells were seeded to 96-well plates at the den-
sity of 1x 10° cells/well and cultured in 200 pl 10% FBS/
DMEM. After 0, 24, 48, and 72 h of inoculation, CCK-8
reagent was added to the medium and continued to cul-
ture for 2 h. The absorbance at 450 nm in each period
was measured by a microplate reader (BMG Labtech,
Offenburg, Germany).

Colony formation assay

PTC cells (2x10° cells/well) were digested and seeded
into 6-well plates and transfected with plasmids after
adherence. After 48 h, the cells of the logarithmic growth
phase were collected and counted using cell counting
plates, and about 400 cells were inoculated per well. After
14 days, the cells were fixed in 4% paraformaldehyde,
stained with crystal violet (Beyotime Biotechnology,
Shanghai, China), and counted.
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Flow cytometry assay

The apoptosis levels of PTC cells were evaluated using
the FITC-Annexin V/ propidium iodide (PI) apoptosis
detection kit (Keygen Biotech, Jiangsu, China) according
to the manufacturer’s instructions. In short, 195 pl cell
suspension (5x 10° cells) was incubated with 5 pl FITC-
Annexin V and 10 ul PI at room temperature for 15 min
in the dark. After 3 times washing with PBS, a flow
cytometer (BD Biosciences, San Jose, CA, USA) was used
to evaluate the apoptosis percentage of PTC cells.

Live/dead cell staining

The live/dead cell staining assay using Calcein-AM (CA)
and Propidium Iodide (PI) was performed to visualize
apoptosis cells and live cells of PTC under various treat-
ment conditions. Briefly, PTC cells were incubated with a
staining solution containing 2 pM Calcein-AM and 5 uM
PI in PBS for 20 min at 37 °C in the dark. Following incu-
bation, cells were gently washed with PBS to eliminate
unbound dyes. The stained cells were immediately visu-
alized under a fluorescence microscope, where live cells
exhibited green fluorescence due to Calcein-AM stain-
ing, while dead cells displayed red fluorescence from PI
incorporation.

Co-immunoprecipitation (IP) assay

Transfected cells were harvested and lysed in ice-cold IP
lysis buffer (containing protease and phosphatase inhibi-
tors) using gentle agitation. Lysates were centrifuged to
remove debris. Next, cleared lysates were incubated over-
night at 4 °C with anti-Flag magnetic beads to pull down
Flag-SIRT7 along with any interacting proteins. Control
samples included beads incubated with lysate from cells
expressing HA-LATSI alone to assess nonspecific bind-
ing. Then, beads were washed extensively with lysis buffer
to remove unbound proteins. Finally, interacting proteins
were eluted using Flag peptide or denaturing conditions,
depending on downstream analysis requirements. Elu-
ates were subjected to SDS-PAGE and transferred to
PVDF membranes for western blot analysis. In IgG, the
light chain is one of the two smaller polypeptide chains
that make up an antibody.

Protein stability assessment

To explore the protein stability of LATS]1, the cells were
treated with cycloheximide (CHX, 100 pg/mL, MedChe-
mExpress, Monmouth Junction, NJ, USA), and the pro-
tein level of LATS] at different time points (0, 8, 16, and
24 h) was detected.

Western blot

The lysis buffer was used to extract the total protein from
PTC tissues or cells. After the protein concentration
was determined by the BCA protein assay kit (Abcam),
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50 pg of protein was separated by a 10% SDS-PAGE and
then transferred to the PVDF membrane. The PVDF
membrane was blocked with 5% skim milk at 37 °C for
2 h and then incubated overnight at 4 °C with the fol-
lowing primary antibodies: Anti-Succinyllysine (1: 500,
PTM-401, PTMBIO, Hangzhou, China), SIRT7 (1: 200,
ab259968, Abcam), LATS1 (1: 200, ab243656, Abcam),
and B-actin (1: 200, ab8226, Abcam). The membrane was
washed 3 times with TBST, 10 min each time. Then, the
secondary antibody (1: 1000, AF008, Novus, Shanghai,
China) was incubated for 2 h at room temperature, and
the membrane was washed by TBST for 3 times, 10 min
each time. Finally, band signals were visualized using an
enhanced chemiluminescence solution (Thermo Fisher
Scientific, Monmouth Junction, NJ, USA) and exposed in
a ChemiDocTM XRSC system (Bio-Rad).

Animal study

The BALB/c nude mice (male, 6-week-old) were pur-
chased from Charles River Experimental Animal Tech-
nology (Beijing, China) and were fed at 20-26 °C and
humidity of 40-60% in a 12 h light/dark cycles condition.
They were randomly divided into two groups, with six
mice in each group. shNC and shSIRT7 plasmids were
transfected into TPC-1 cells, respectively. The mice in
the shSIRT7 group were subcutaneously injected with
sh-SIRT7 transfected TPC-1 cells at the density of 5x 10°
cells, and the shNC group mice were injected with sh-NC
transfected TPC-1 cells in the same way and location as
the shSIRT7 group mice. Tumor volume was assessed
with vernier calipers a week after injection, measured
weekly for continuous four weeks, and calculated using
the formula: volume (mm?®)=0.5 x length x width?. After
four weeks, all mice were euthanized with an intraperi-
toneal injection of 3% pentobarbital sodium (Sigma,
Germany). The tumors were dislocated, collected, and
weighed. This study was approved by the Ethics Commit-
tee of Affiliated Hospital of Beihua University. All animal
experiments should comply with the ARRIVE guidelines.
All methods were carried out in accordance with relevant
guidelines and regulations.

Hematoxylin and Eosin (HE) staining

A small piece of tumor tissue was quickly taken from
the killed mice and was fixed with 4% paraformalde-
hyde for 24 h. The tissues were dehydrated with ethanol,
embedded in paraffin, and then cut into sections with a
thickness of 4 um for use. After routine dewaxing, sec-
tions were stained with hematoxylin staining solution
for 3 min and washed with water for 1 min. Then, the
sections were transferred to the color separation solu-
tion for about 1 min and washed with water for 1 min.
Sections were stained with eosin solution for 2 min and
then rinsed with tap water for 5 min. Next, the slices are
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dehydrated, dried, and sealed with neutral glue. Finally,
an optical microscope was used to photo, with 6 different
fields of view selected for each image.

Immunohistochemistry (IHC) analysis

Paraffin-embedded tumor tissues were cut into sections,
dewaxed, rehydrated, and treated with 3% H,O,. After
treating with 10 mM citrate buffer (pH 6.0) and heating
to 95°C, normal goat serum was used to block the sec-
tions at room temperature for 30 min. The sections were
incubated with the primary antibody against LATS1 at
4 °C overnight and incubated with the secondary anti-
body at 37 °C for 1 h. The results were observed under a
light microscope (Olympus, Tokyo, Japan).

Statistical analysis

Statistical analyses were conducted with GraphPad
Prism 8.3 software (GraphPad Software, USA). All data
obtained from at least three independent experiments
were shown using mean + standard deviation (SD). Stu-
dent’s t-test was employed to analyze the differences
between the two groups. Differences among multiple
groups were analyzed by one-way ANOVA followed
by Tukey’s post hoc test. The diagnosis value of SIRT7
was evaluated using the receiver operator characteris-
tic (ROC) curve. The correlation of SIRT7 and LATS1
expression was analyzed using the Pearson correlation
coefficient. P values < 0.05 were considered to be statisti-
cally significant.

Results

SIRT7 is highly expressed in PTC

To investigate the biological function of SIRT7 in PTC,
we detected SIRT7 expression in PTC tissues and corre-
sponding adjacent normal tissues. As shown in Fig. 1A,
the relative expression of SIRT7 was increased in PTC tis-
sues compared to the normal tissues by g-PCR. Likewise,
the results of western blotting show that SIRT7 expres-
sion was upregulated in PTC tissues (Fig. 1B). Next,
the diagnosis value of SIRT7 was evaluated using the
ROC curve. The area under the curve (AUC) value was
0.9507 (Fig. 1C), suggesting that SIRT7 serves as a valu-
able diagnostic biomarker of PTC. Next, SIRT7 expres-
sion was detected in normal thyroid cell line Nthyori-3
and PTC cell lines TPC-1 and KTC-1. It was disclosed by
q-PCR detection that the SIRT7 was overtly elevated in
TPC-1 and KTC-1 cells (Fig. 1D). Consistently, the pro-
tein expression level of SIRT7 in PTC cell lines was much
higher than that in the Nthyori-3 group (Fig. 1E). These
results indicated that SIRT7 is highly expressed in PTC.
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Fig. 1 SIRT7is highly expressed in PTC. (A) SIRT7 expression in PTC (n=32) and normal (n =32) tissues was measured using gPCR. (B) The protein levels of
SIRT7 were measured by western blot. (C) The diagnosis value of SIRT7 expression in PTC was determined using ROC curve analysis. (D) SIRT7 expression
in normal thyroid cell line Nthyori-3 and PTC cell lines (TPC-1 and KTC-1) was measured using gPCR. (E) The protein levels of SIRT7 in cells were measured
by western blot. All data are expressed as the means +SD. (n=3 independent experiments)

Silencing of SIRT7 inhibits proliferation and promotes
apoptosis of PTC cells

To further verify the role of SIRT7 in PTC, shSIRT7 and
shNC were transfected into TPC-1 and KTC-1 cells. The
results of q-PCR and western blot showed that SIRT7
expression was inhibited by transfecting three different
shRNA interference sequences targeting the SIRT7 gene
into PTC cell lines (Fig. 2A and B). Subsequently, we
selected the shSIRT7 1# plasmid for post-experiments.
Silencing of SIRT7 inhibited cell viability and colonies,
suggesting cell proliferation was suppressed by SIRT7
silence (Fig. 2C and D). Likewise, data obtained from
the flow cytometry suggested that the apoptosis rate of
TPC-1 and KTC-1 cells was increased by silencing of
OGT (Fig. 2E). The results of live/dead experiments fur-
ther supported the above results (Fig. 2F). These data
proved that SIRT7 knockdown significantly inhibits the
proliferation and induces apoptosis of PTC cells.

SIRT7 regulates LATS1 by succinylation modification

Next, to explore the regulatory mechanisms of SIRT7
in PTC, we used the LinkedOmics database to pre-
dict SIRT7-correlated genes in PTC (Fig. 3A). Then, we
screened the five most correlated genes, which were
ATE1l, WWTR1, PJA2, LATS1, and MID2. The q-PCR
analysis demonstrated a remarkable augment of LATS1
expression after SIRT7 silencing in both TPC-1 and
KTC-1 cells (Fig. 3B and C). After this, we found that the
mRNA level and protein expression of LATS1 in PTC tis-
sues was dramatically decreased compared with normal
para-cancerous tissues (Fig. 3D and E). Later, we did the
correlation analysis of SIRT7 and LATS1 and found that
the relationship between them was negative (Fig. 3F).
Consistently, the result of ¢-PCR and western blotting
showed that the expression of LATS1 was down-regu-
lated in PTC cell lines (Fig. 3G and H). Co-IP assay was
performed to verify that SIRT7 directly interacted with
LATSI in TPC-1 cells (Fig. 3I). Next, three succinylation
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Fig. 2 Silencing of SIRT7 inhibits apoptosis in PTC. (A-B) After shNC and three different shSIRT7 transfection, the expression of SIRT7 was measured using
gPCR and western blot. (C-D) CCK-8 and colony formation experiments were used to analyze cell proliferation. (E) The apoptosis rate of PTC cells was de-
tected with flow cytometry. (F) Calcein AM (CA) and Propidium lodide (Pl) co-staining images of PTC cells with various treatments. All data are expressed

as the means+SD. (n=3 independent experiments)

sites (K6, K589, and K652) with the highest possibility
were predicted in LATS]1 at the GPSuc website and were
selected for subsequent confirmation (Fig. 3]). Compared
with WT-LATS]1, the expression and the succinylation
levels of LATS1 were downregulated when K589 site was
mutated in TPC-1 cells (Fig. 3K). LATS1 levels were more
stable after SIRT7 knockdown than shNC in TPC-1 cells
(Fig. 3L). Based on the above data, we concluded that
SIRT7 regulates LATS1 by succinylation modification.

Silencing of LATS1 abolishes the Inhibition of proliferation
and the promotion of apoptosis of PTC cells by SIRT7
knockdown

Subsequently, this study continued to investigate the
effect of LATS1 on PTC cells. For functional detection,
LATS1 expression was suppressed when three differ-
ent shRNA interference sequences targeting the LATS1
gene were transfected into TPC-1 and KTC-1 cells com-
pared to the shNC group (Fig. 4A and B). The viability of
PTC cells was inhibited by silencing of SIRT7 and then
restored after co-transfecting with shLATS1 (Fig. 4C).
Likewise, according to data from colony formation
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analysis, repressing LATS1 abolished the inhibition of
colonies triggered by SIRT7 silencing (Fig. 4D). The
apoptosis of TPC-1 and KTC-1 cells was increased by
SIRT7 knockdown, which was recovered by LATSI1
silencing (Figure E and F). These observations indicated
that silencing of LATS1 abolishes the effects of SIRT7
knockdown on PTC cells.

SIRT7 promotes tumor growth in vivo

Finally, we evaluated the effect of SIRT7 on tumorigenic
capacity in nude mice. The size and average weight in
the SIRT7 silencing group were significantly decreased
compared to the shNC group (Fig. 5A and B). Addition-
ally, inhibiting SIRT7 expression significantly suppressed
tumor growth compared with the shNC group (Fig. 5C).
Meanwhile, HE pathological staining results show that
compared with the control group, tumor tissues of mice
in the shSIRT7 group had slight necrosis and a small
amount of cell infiltration. (Fig. 5D). To further validate
the regulatory effect of SIRT7 on LATSI in vivo, an IHC
assay was performed in the sections of the above xeno-
graft tumors using the corresponding antibodies. The
results indicated that LATS1 expression was significantly
upregulated in the SIRT7 silencing tumors relative to the
shNC group (Fig. 5E). Given the above observations, we
concluded that SIRT7 promotes tumor growth in vivo.

Discussion

PTC is a multifactorial disease, the incidence of which
increases year by year. Aggressive PTC with local or dis-
tant metastasis, structural recurrence, and even progres-
sion to high-grade cancer can be life-threatening, which
poses a serious public health challenge to society [20].
Therefore, exploring the potential molecular mechanism
of PTC is of great significance for discovering new thera-
peutic targets.

SIRT7 has been shown to play an important role in car-
cinogenesis, accelerating the development and progres-
sion of several tumors. For example, SIRT7 promotes
abnormal activation of YAP in the Hippo pathway and
proliferation of cancer cells in hepatocellular carcinoma
via suppressing MST1 [21]. SIRT7 facilitates the develop-
ment of ovarian cancer by suppressing GATA4 and acti-
vating the Wnt signaling pathway [22]. Besides, SIRT7
promotes autophagy and inhibits oxidative stress in cer-
vical squamous cell carcinoma cells by regulating the
USP39/FOXMI1 axis [23]. However, our current under-
standing of the biological function of SIRT7 in PTC is still
very limited. A previous study has indicated that SIRT7
expression is upregulated in PTC and demonstrates that
SIRT7 knockdown significantly inhibits the prolifera-
tion and colony formation and induces cycle arrest and
apoptosis of TC cells [16]. Consistent with this finding,
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we also confirmed that SIRT7 expression was elevated in
PTC tissues and two PTC cell lines. Interestingly, subse-
quent functional experiments showed that silencing of
SIRT7 could inhibit the proliferation and promote the
apoptosis of PTC cells, suggesting that SIRT7 has a pro-
tumor effect in PTC.

Succinylation, which is regulated by SIRT7, has been
implicated in the onset and development of cancer.
SIRT7 catalyzes the desuccinylation of protein arginine
methyltransferase 5 to participate in lipid reprogram-
ming and promote tumor growth and metastasis [24].
Succinate dehydrogenase (SDH) participates in the reg-
ulation process of succinylation. In PTC and follicular
carcinoma cell lines, the SDH subunit impaired the func-
tion of PTEN, which resulted in the inhibition of apopto-
sis and the promotion of the migration of TC cells [25].
Thyroglobulin (TG) is used as a potential biomarker for
the diagnosis of TC, which can predict tumor recurrence
and metastasis [26]. Extensive succinylation can induce
cleavage of 12 S TG and thereby affect the synthesis of
thyroxine [27]. In a previous study, SIRT7 promotes the
proliferation and migration of TC cells by regulating the
desuccinylation of KIF23 [15]. Therefore, we attempted
to investigate the effect of SIRT7 on protein succinylation
in PTC. We found that SIRT7 directly bound to LATS1
and negatively regulated LATS1 expression. In addition,
silencing of SIRT7 enhanced the stability of LATS1 pro-
tein by suppressing the desuccinylation at K589 site. It is
suggested that LATS1 may be involved in the develop-
ment of PTC.

As a tumor suppressor, LATSI is involved in the pro-
gression of many types of cancer, including PTC. It
has been found that the overexpression of LINC01186
inhibits the proliferation and invasion of TPC-1 cells
via increasing the expression of LATS1 [28]. In addition,
the upregulation of STK4 can increase the expression of
LATS1, which inhibits the proliferation of TC cells and
promotes apoptosis and autophagy through the hippo
signaling pathway [29]. In the present study, the expres-
sion of LATS1 was decreased in PTC tissues and two
PTC cell lines. Of note, silencing LATS1 can eliminate
the inhibitory effect on PTC cell proliferation and induc-
tion of apoptosis caused by SIRT7 knockdown. These
results suggest that the silencing of SIRT7 inhibits the
carcinogenesis of PTC by promoting the succinylation of
LATS]. Finally, we established a mouse xenograft tumor
model to further investigate the role of SIRT7 in vivo. The
results showed that silencing of SIRT7 inhibited tumor
growth in mice and increased LATS1 protein levels, sug-
gesting that silencing SIRT7 inhibits tumor growth by
upregulating LATS1 expression.

The limitations of this study are the insufficient num-
ber and diversity of clinical samples used. The specific
molecular mechanism of how SIRT7 precisely regulates
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the succinylation level of LATS]1, including the enzymes
or factors involved, still needs to be further explored. The
study did not address specific effector molecules or sig-
naling pathways downstream of the SIRT7-LATS1 axis,
which limits the full understanding of the mechanism of
action of SIRT7. Overall, these limitations do not affect
the importance and innovation of this study, but provide
a clear direction and room for improvement for future
research.

In conclusion, in this study, the tumor-supporting role
and underlying mechanisms of SIRT7 were characterized
in PTC. SIRT7 interacts with LATSI1, and silencing of
SIRT7 promotes the expression and succinylation modi-
fication of LATSI1, which can inhibit tumor cell prolif-
eration and induce apoptosis, thereby slowing down the
progression of PTC. This study may provide a possible
strategy and target for the treatment of PTC.
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