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a b s t r a c t

Sirtuin 2 (SIRT2) is one of the key members of sirtuins family that plays important role in regulating

many physiological processes. Recent evidences have revealed that SIRT2 is associated with the devel-

opment, progression and metastasis of ovarian cancer. In this study, guided by an in-depth analysis of

the clinical characteristics of the expression pattern of SIRT2 in ovarian cancer patients, the first SIRT2-

targeted hydrophobic tagging (HyT) degraders have been developed. These acyl thiourea degraders exhib-

ited remarkable anti-proliferative activity in several ovarian cancer cells. Among them, the most effective

compound II-6 exhibited excellent anti-tumor activity both in vitro and in vivo (half maximal inhibitory

concentration (IC50)=0.002±0.001μmol/L). In addition, II-6 was found to effectively suppress cancer cell

proliferation and migration, as well as cell cycle arrest and apoptosis. Moreover, further investigation re-

vealed that compound II-6 indirectly induced DNA damage through the H4K20me2/53BP1 pathway by

degradation of SIRT2. The study not only exemplifies the advantage of the novel HyT degradation strat-

egy but also prove the great potential of SIRT2 as a promising target for drug development of ovarian

cancer.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Ovarian cancer (OC) is one of the three major gynecological ma-

lignancies, accounting for 4% of all cancer cases in women. The

non-specific symptoms and the lack of effective screening strate-

gies result in 70%–75% of OC patients being diagnosed at stage

III or IV, making OC one of the most fatal gynecological cancers

globally [1]. According to the data released by the World Health

Organization (WHO), an estimated 12,740 women in United States

are threatened with death from OC in 2024. The 5-year relative

survival rate is still <47% among these patients even though the

screening, diagnosis, and therapy have made progress in recent

years [2,3].

OC is currently treated in a mainstream way with primary de-

bulking surgery followed by radiotherapy and chemotherapy [4].

The first-line treatment of advanced epithelial OC include an ad-
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juvant combination of carboplatin/cisplatin, paclitaxel, and beva-

cizumab, as well as maintenance therapies such as poly(ADP-

ribose) polymerase inhibitors (PARPis) [5]. Platinum compounds

cause antineoplastic activity, when they bind to DNA, creating in-

trastrand adducts and interstrand cross-link, that damage the ge-

netic material [6]. PARP inhibitors can inhibit key enzyme (PARP1,

PARP2) activities in DNA-damage response (DDR) [7]. Although

50%–81% of advanced OC patients initially show sensitivity to

chemotherapy, 70%–85% of OC patients experience recurrence af-

ter first-line treatment and gradually become increasingly resistant

to various treatment options [8]. Moreover, cisplatin and PARP in-

hibitors show significant toxicity to normal tissues, such as the kid-

neys, heart, and liver [9,10]. Thus, the existing treatment is not able

to meet clinical needs because of low survival rates, inevitable drug

resistance, delayed recurrence, and toxic side effects.

The sirtuin (SIRT) protein family is a group of nicotinamide-

adenine dinucleotide (NAD)-dependent histone deacetylases that

are widely distributed and have been preserved through evolution
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[11,12]. The sequence and length of the N- and C-terminal do-

mains of the SIRTs differ, which partly accounts for their distinct

localization and functionality [13]. According to the evidence, SIRTs

are responsible for regulating gene expression, energy metabolism,

DDR, cellular stress response in almost all cancer types [13,14].

Despite the important roles played by sirtuins in caloric restric-

tion, aging, apoptosis, transcription, and inflammation, our under-

standing of their functions remains limited. The mainstream view

is currently that sirtuin is as a double-edged sword in tumorigen-

esis. According to the genetic background, tumor type and stage,

sirtuin can be defined as either tumor suppressor or oncogene,

and the function of sirtuin subtypes is also significantly different

even in the same tissue [15]. In recent years, with the increas-

ing understanding of sirtuin, it has become a very potential tar-

get in cancer chemotherapy. Seven mammalian homologs of the

yeast Sir2 are referred to as SIRT1–7 in the sirtuin family [11,12].

SIRT1 functions in both the nucleus and the cytoplasm; SIRT3–5

are mitochondrial proteins; SIRT6 and SIRT7 are nuclear proteins;

SIRT2 is the only subtype that is predominantly present in the cy-

toplasm but shuttles between the nucleus and cytoplasm during

the G2 to mitosis phase [16]. The effects of SIRT2 on tumor growth

are complex, with multiple competing mechanisms involved. As a

tumor-promoting factor, SIRT2 can induce regulatory T cells, inhibit

tumor-associated macrophages, myeloid-derived cells, and tumor-

associated neutrophils in the tumor microenvironment, help tumor

cells evade immune surveillance, and limit the tumor immune re-

sponse, thereby promoting tumor development [17]. In addition,

SIRT2 has the potential to promote deacetylation-dependent lac-

tate dehydrogenase A (LDH-A) excitation, speed up glycolytic re-

actions, and promote tumor cell proliferation and migration [18].

Furthermore, SIRT2 interacts with various factors within the tumor

microenvironment to inhibit the growth and development of tu-

mor cells [15]. So far, several structurally distinct selective small-

molecule SIRT2 inhibitors have been developed, crystallographic

analyses showed that they bind to the unique hydrophobic site of

SIRT2, providing important clues for future application (Fig. S1 in

Supporting information). Nicotinamide acts as a non-competitive

inhibitor of SIRT diacylation, exhibiting the capability to reduce

the proliferation of human prostate cancer cells and leukemia cells

[19,20]. Sirtinol and cambinol have similar β-naphthol structures

[21,22]. GW5074 is an indole-based SIRT inhibitor [23]. Compounds

2–5 showed significant inhibitory activity towards the prolifera-

tion of breast cancer cells, non-small cell lung cancer cells, and so

on. Compound 6 exhibited moderate inhibitory effects specifically

against the PANC-1 cells [24]. Meanwhile, TM, tenovin-1, tenovin-

6, SirReal2, and AGK2 possessed broad-spectrum antitumor prop-

erties, displaying varying degrees of cytotoxicity against multiple

tumor cell lines [25–28].

Interestingly, a detailed mechanism study reveals that the

SIRT2-targeted inhibitors such as AGK2 (11), SirReal2 (8), and

TM (7) specifically hinder deacetylation activity, but not the de-

fattyacylation activity [25–30]. Surprisingly, TM-P4-Thal, the first

SIRT2-targeted proteolysis-targeting chimera (PROTAC) specifically

inhibits both the deacetylase and defattyacylase activities of SIRT2

in living cells, providing more options for the research of SIRT2-

targeted cancer treatment [29–32]. Despite the lack of clinically

useful SIRT2-targeted degraders at present, the potential of selec-

tive SIRT2 degradation has been validated in both in vitro and in

vivo. Since SIRT2 plays an important role in regulating OC pro-

gression, therefore, in order to correct the one-sided understanding

of SIRT2, an in-depth analysis of the clinical characteristics of the

OC patients bearing SIRT2, and development of a diversity-oriented

novel SIRT2-targeting small molecule degraders may provide useful

guidance for SIRT2-targeted OC therapy.

In recent years, targeted protein degradation (TPD) has emerged

from the chemical biology toolbox as one of the most exciting

areas for development of new therapeutics in the pharmaceu-

tical industry [30–32]. In contrast to small molecule inhibitors,

TPDs are able to catalyze the degradation of target proteins in an

“event-driven” manner, rather than the continuous occupation of

the binding pocket relying on high affinity [33]. Thus, TPD is capa-

ble of causing a complete function loss of protein of interest (POI),

even traditional "undruggable" targets at low concentrations. Hy-

drophobic tagging (HyT) degradation, as another extension of TPD,

harnesses the fact that exposure of hydrophobic residues on the

protein surface marks it as an unfolded protein, ultimately elim-

inating the protein through ubiquitin-proteasome system (UPS) or

autophagy [34]. HyT degrader usually consists of a hydrophobic tag

(such as adamantane) linked with the target binding ligand. The

binding of HyT to a POI, increases the hydrophobicity of the tar-

get protein, which results in the recruitment of heat shock pro-

teins, ultimately targeting it for proteasomal degradation. Just like

a precision-guided missile, hydrophobic tagging-protein degraders

(HyT-PDs) can adhere to target proteins, and swiftly activate the

protein quality control (PQC) machinery to eliminate these “dam-

aged” or “misfolded” proteins after being sensed to maintain cellu-

lar homeostasis [35–38]. So far, adamantane, fluorene, pyrene, nor-

bornene, etc. have been used as the hydrophobic group in HyT-PDs

and successfully induced the efficient degradation of POI targets,

such as human epidermal growth factor receptor 3 (HER3), en-

hancer of zeste homolog 2 (EZH2), and PAPR1 [39,40], and demon-

strated favorable anti-proliferative effects in various types of tu-

mors. Therefore, the HyT-PD technology offers a new way to tar-

get and degrade POI. Herein, guided by an in-depth analysis of

the clinical characteristics of the patients, we disclosed the design,

synthesis, and biological evaluation of a novel series of SIRT2 HyT

degraders based on the tenovin-6 for treating OC. The optimiza-

tion of the hydrophobic groups, linker and functional groups re-

sulted in series of SIRT2-targeted HyT degraders. The preferred de-

grader II-6 was highly effective in inhibiting the growth of various

OC cells at low concentrations in vitro. The biosafety of compound

II-6 was superior to tenovin-6 and cisplatin in normal ovarian cells.

More importantly, compound II-6 effectively suppressed cancer cell

proliferation by selectively inducing SIRT2 degradation and signif-

icantly inhibiting downstream protein kinase B-mammalian target

of rapamycin (AKT-mTOR) signaling pathways, which result in DNA

damage and ultimately causes cell apoptosis through the down

regulation of SET domain-containing protein 8 (SET8) and methy-

lated histone H4 lysine 20 (H4K20). To the best of our knowledge,

compound II-6 is the first HyT degrader targeting SIRT2. This study

highlights the potential for understanding of the underlying role

of SIRT2 in OC, as well as paving the way for the development of

anti-OC drugs.

Considering that OC is a highly aggressive form of cancer that

primarily affects women and has a poor prognosis, and studies

have shown that the expression of various SIRTs differs depend-

ing on the specific subtype, grade and stage of the tumor [41]. In

order to investigate the expression pattern of SIRT2 in OC tissues,

we conducted the study with 55 patients who had been diagnosed

with OC and were at various stages (I–IV) according to the staging

criteria by the International Federation of Gynecology and Obstet-

rics (FIGO 2014). The characteristics of the patients were detailed

in Table S1 (Supporting information). After conduction an in-depth

analysis of the comprehensive clinical data from 55 OC patients, it

was found that there was a correlation between SIRT2 mRNA levels

and certain clinical characteristics. The study utilized quantitative

real-time polymerase chain reaction (PCR) on 14 normal ovarian

epithelial tissue specimens and 55 OC tissue samples from Zhong-

nan Hospital of Wuhan University. As shown in Fig. S2 (Supporting

information), the mRNA expression of SIRT2 in OC tissues was sig-

nificantly higher than that in normal ovarian epithelial tissues (Fig.

S2A). In addition, compared with normal ovarian epithelium tis-
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sues, the brown staining areas in OC tissues significantly increased

in the immunohistochemical staining results of pathological sec-

tions (Fig. S2B). At the same time, the results from Western blot

also verified the high expression of SIRT2 protein in OC tissues

(Fig. S2C). In view of the above results, subsequent research was

carried out at the cellular level. The expression of SIRT2 protein in

different OC cells (SKOV3, A2780, and OVCAR3) and normal ovar-

ian epithelial cell (IOSE80) was investigated. As shown in Fig. S2D,

compared to normal ovarian epithelial cell, the expression of SIRT2

was increased in most OC cells.

The Gene Expression Omnibus Series (GSE) database was used

to analyze the expression of SIRT2 in OC. The results showed the

mRNA expression of SIRT2 is markedly up-regulated in OC tissues

compared to normal tissues (Fig. S2E). Furthermore, the Gene Ex-

pression Profiling Interactive Analysis (GEPIA) online database was

applied to analyze the SIRT2 expression and the prognostic sig-

nificance of patients diagnosed with OC. According to our data,

there was a correlation between SIRT2 expression and overall sur-

vival (OS) in OC (Fig. S2F). The data clearly showed that the group

with high SIRT2 expression (n=211) had significantly lower OS

rate compared to the group with low-expression (n=212), with a

hazard ratio (HR) of 1.4 for OS between the two groups (P=0.011).

While, significant difference was observed in disease-free survival

(DFS) in the short term (<110 months). Surprisingly, no statistically

difference in DFS was observed after 110 months (Fig. S2G). This

observation would be due to the effects of specific stages of OC

on the expression of SIRT2. In the early or intermediate stages of

the disease, high SIRT2 expression may accelerate disease progres-

sion by regulating relevant signaling pathways, thereby leading to

a shortened DFS. Nevertheless, multiple therapeutic interventions

(such as surgery, chemotherapy, and radiation therapy) might im-

pact disease progression and prognosis, leading to changes in the

trend of DFS [42].

Taken together, in most cases, a high expression of SIRT2 is

obviously correlated with an unfavorable prognosis for patients.

Therefore, the research may provide a potential approach on the

development of SIRT2-targeted drugs for treatment of OC. In this

study, novel small molecule degraders targeting SIRT2 were de-

signed and synthesized by means of HyT degradation technology

(Fig. 1A). The potential application of these degraders in OC was

evaluated. Tenovin-6, a SIRT2 inhibitor, was selected as the core

structure to construct the goal SIRT2-targeted degraders. Subse-

quently, series acyl thiourea-based HyT degraders containing differ-

ent linker and hydrophobic groups, such as amantadine, diphenyl-

methanamine, 9H-fluoren-9-amine, Boc1-Trp, Boc2-Lys, and Boc3-

Arg. were designed and synthesized accordingly (Fig. 1B). The de-

tailed synthetic procedures of all the desired acyl thiourea HyT de-

graders were outlined (Schemes S1–S3 in Supporting information).

The degraders were firstly evaluated for their anti-proliferative

activity against OC cells, including SKOV3, OVCAR3, A2780 and

ovarian epithelial cell (IOSE80 cell) as well using an in vitro cell

counting kit-8 (CCK-8) assay. As shown in Table S2 (Supporting

information), most of the compounds exhibited inhibitory activ-

ity in the nanomolar to submicromolar range against these OC

cells. However, there was lower inhibition observed in SKOV3 and

OVCAR3 cells. In particular, most of the compounds exhibit supe-

rior inhibitory effects in the A2780 cells compared to the OVCAR3

and SKOV3 cells. Particularly, the compounds I-1–I-6, tagged with

amantadine, were more effective to inhibit proliferation of can-

cer cells. Among them, compound I-6 containing ten carbon-atom

linker achieved an half maximal inhibitory concentration (IC50)

value of 0.008μmol/L which was much lower than that of cisplatin

(IC50 =1.28μmol/L). However, length of linker had no obvious ef-

fect on the anti-tumor activity of compounds I in vitro. We found

that the replacement of amantadine with Boc1-Trp such as II-6

increased potency accordingly (IC50 =0.002±0.001μmol/L). More-

over, in case of compounds II, the longer linker weakened the anti-

tumor activity in vitro (II-8, II-15). For example, when the com-

pounds II-7 and II-8 with twelve carbon atom alkyl linker was

used in this assay, the IC50 values went up to 0.13 and 0.04μmol/L,

respectively. In addition, among compounds II-10–16 comprising

Boc2-Lys as the hydrophobic group also displayed excellent in-

hibitory activity with an IC50 value up to 10nmol/L (II-16). It

was notable that compounds III-1–4 derived from the aromatic

diphenylmethanamine or 9H-fluoren-9-amine hydrophobic groups

displayed inferior anti-proliferation activity in OVCAR3 cells, while

no big difference was observed in A2780 cells. Altogether, II-6

exhibited the best inhibitory activity and the lowest cytotoxicity,

therefore, it was selected as a potential candidate for further stud-

ies.

To explore whether the synthesized degraders could degrade

the SIRT2 protein, we investigated the degradability of these acyl

thiourea in A2780 cells. As shown in Figs. 1C–F, we found that

some degraders, such as I-3, II-4, II-6, II-12, would able to signifi-

cantly decrease the protein level of SIRT2 when cancer cells were

treated with a concentration of 10 μmol/L for 36h. However, de-

graders II-7–8 and III-1–4 showed little to no effect on degrading

SIRT2 protein in A2780 OC cell. Of all the degraders tested, the II-6

exhibited the most promising degradation activity and was chosen

for further investigation.

In order to systematically evaluate the SIRT2 selective degra-

dation efficiency of the HyT degrader II-6, we checked the SIRT2

protein lever in A2780 OC cells after certain hours at various con-

centrations. The results were presented in Fig. 1. At first, we exam-

ined the time course of II-6-induced SIRT2 degradation in A2780

cells. As the incubation time increased, 10μmol/L of II-6 lowered

SIRT2 lever even further. With the treatment of 10 μmol/L of II-6,

the SIRT2 level decreased obviously at 36h (Fig. 1G). Thus, SIRT2

was degraded by II-6 in a time-dependent manner. Next, we fur-

ther tested the SIRT2 degradation at different concentrations. Even

at 0.1 μmol/L, the SIRT2 level was significantly decreased com-

pared to that of a vehicle-treated sample (Fig. 1H). Furthermore,

the high efficiency of II-6 induced SIRT2 degradation was achieved

at 10 μmol/L for 36h. While, at 20 μmol/L II-6, the SIRT2 level

slightly changed likely due to the hook effect. Moreover, to demon-

strate the selectivity of II-6 towards the localization of SIRT2 pro-

tein (nuclear and cytosolic), both confocal laser scanning micro-

scope (CLSM) and Western blot analyses were employed (Figs. S3A

and B in Supporting information). The experimental results indi-

cated that SIRT2 protein was distributed in the cytoplasm and the

nucleus of OC. Notably, the expression level of SIRT2 protein in the

nucleus was significantly reduced after treatment with 10 μmol/L

of II-6 for 36h.

To confirm the direct interaction between II-6 and SIRT2, the

cellular thermal shift assay (CETSA) was applied for further vali-

dation of their specific interactions, as displayed in Fig. 1I. Taking

DMSO as the blank control, the thermal stability of the SIRT2 pro-

tein decreased with a serial increase in temperatures ranging from

44 °C to 72 °C. However, with the addition of II-6, the stability of

SIRT2 improved significantly, indicating the possible formation of

an II-6/SIRT2 complex. Compared with the significant degradation

of SIRT2 protein observed at 63 °C in the control group, the re-

markable degradation of SIRT2 protein in the II-6 treatment group

occurred at an increased temperature of 72 °C, and the thermal

dissolution curve shifted significantly to the right, indicating that

its thermal stability was significantly improved in the presence of

II-6. These findings demonstrated that II-6 could selectively target

SIRT2 protein.

According to literature reports, HyT degradation agents can

directly recruit heat shock protein 70 (Hsp70) or 20S protea-

somes through hydrophobic fragments, mediating POI ubiquitina-

tion or degradation; or hydrophobic group can disrupt POI sta-
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Fig. 1. Degradation activity of these HyT degraders evaluated. A2780 cells were individually pretreated with 10μmol/L degraders for 36h before protein level analysis. (A)

The mechanism of SIRT2 degradation induced by HyT degraders. (B) Design of ultimate degraders based on acyl thiourea skeletons. (C) Western blot assay was performed

to examine the degradation activity of amantadine series degraders I-1–6. (D) Degradation activity of Boc1-Trp series degraders II-1–9. (E) Degradation activity of Boc2-

Lys series degraders II-10–16 and II-18. (F) Degradation activity of Boc3-Arg series degrader II-17 and III-1–4. (G) Western blot analysis showed that II-6 degraded SIRT2

protein in a time-dependent manner. (H) SIRT2 protein was degraded in a dose-dependent manner. (I) The CETSA assay of II-6. (J) II-6 induced SIRT2 degradation through

proteasome-mediated proteolysis and the autophagy lysosome pathway. Data are presented as mean ± standard deviation (SD) (n=3). GAPDH, glyceraldehyde-3-phosphate

dehydrogenase; CQ, chloroquine.

bility or mimic misfolded proteins to recruit endogenous partner

proteins, thereby mediating proteasome degradation (Fig. 1A) [43].

To further explore the intricate mechanism of II-6 induced SIRT2

degradation, the SIRT2 degradation was examined by blocking the

ubiquitin proteasome pathway and autophagolysosomal pathway

with l-tryptophanyl-l-alanine (H-TRP-ALA-OH), chloroquine, and

3-methyladenine (3-MA), respectively. The results showed that the

intervention of tenovin-6 can partly prevent the degradation of

SIRT2 (Fig. 1J), which suggests that the affinity with SIRT2 is es-

sential for the degradation. As expected, SIRT2 protein degradation

induced by II-6 could be effectively blocked and reversed with pro-

teasome inhibitors (H-TRP-ALA-OH) and autophagy inhibitors (3-

MA and chloroquine). The results indicated that II-6-induced SIRT2

protein degradation was not only UPS dependent, but autophagy-

lysosome pathway as well.

To investigate the effect of II-6 on SIRT2, Schrödinger Maestro

was used to model the conformation of the 16-SIRT2 complex and

II-6-SIRT2 complex [44]. The docking models with the lowest bind-

ing energy of 16 (green) and II-6 (yellow) for the SIRT2 complex

were shown in Fig. S4A (Supporting information). The molecular

docking results showed that the HyT degrader II-6 was able to bind

to the binding site of SIRT2 in the similar binding mode as the par-

ent compound 16. Based on the docking results, we found that the

aniline group of compound 16 could form a strong hydrogen-bond

with amino residue of Asp170. Compared with the 16-SIRT2 com-

plex, the II-6-SIRT2 complex was slightly different, the phenyl ring

of the acyl thiourea moiety could occupy the so-called “EC-Site” of

SIRT2 [45], and bind with amino residues of Phe96 and Phe119 via

hydrogen bond interaction. More importantly, the HyT group of II-

6 was preferred to be extended to the outer side of “EC-Site”, and

pointed towards the ADP ribose (ADPR) binding sites of SIRT2. The

Boc1-Trp group in II-6 formed strong hydrogen bonds with amino

residues Asn286 and Glu242, respectively.

To systematically and comprehensively verify the inhibitory ef-

fect of II-6 at the cellular level, 72-h CCK-8 proliferation assay

and colony formation assay were performed. OC A2780 cells were

pretreated with the degrader II-6, together with cisplatin as the

positive control. In agreement with its potency in vitro, II-6 re-

duced cell viability in a dose-dependent and time-dependent man-

ner, whereas cisplatin showed only weak effects (Figs. S4B and C in

Supporting information). Additionally, II-6 exhibited slightly toxic

effect on normal ovarian cells (IOSE80) (Fig. S4D in Supporting in-

formation), which indicated its potential as a promising agent for

OC therapy. Furthermore, we found that II-6 specifically inhibited

the colony formation in A2780 cell (Fig. S5A in Supporting infor-

mation) at lower concentration of 0.5 μmol/L, suggesting that II-6

was an anti-tumor compound for OC cells. Surprisingly, cisplatin

effectively inhibited colony production at 5 and 1 μmol/L, respec-

tively. The primary cause of death among OC patients is distant

metastasis [46]. In the complex process of tumor cell migration,
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epithelial cells gradually undergo a notable change. They not only

lose their inherent epithelial characteristics, such as tight inter cel-

lular connections and polarity, but also gradually acquire the prop-

erties of mesenchymal cells, which include an enhanced migratory

potential and invasiveness [47]. This process, namely epithelial-

mesenchymal transition (EMT), indicates that tumor epithelial cells

acquire high mobility, which is the key to the tumor metastasis.

EMT-targeted therapy can inhibit the migration and invasion of tu-

mor cells in primary tumors. Meanwhile, EMT can reduce the pro-

portion of cancer stem cells in tumors, prevent the colonization

of circulating tumor cells in primary tumors, and reduce the abil-

ity of circulating tumor cells to produce secondary tumors when

inoculated at a distance [48]. The migration of tumor cells is an

important factor of tumor metastasis and one of the main factors

for the failure of cancer treatment in the late stage. Degrader II-6

has been found to inhibit the migration of A2780 at a concentra-

tion of 0.05 μmol/L (Fig. S5B in Supporting information). Further-

more, the migration of tumor cells was almost completely blocked

within 48h after treated with 0.5 μmol/L of II-6. These results sub-

stantiate the potent anti-proliferative and anti-metastatic efficacy

of II-6.

The results of wound healing assay revealed that compared to

the control group, the migration distance in the II-6-treated group

was significantly shortened, and the migration inhibition effect was

inversely correlated in the presence of II-6, further illuminating

its anti-migratory potential. Within the tumor micro environment,

cancer cells and immune cells emit cytokines, growth factors, and

chemokines that surround the epithelial cells. This process triggers

the activation of EMT transcription factors (Snail, Slug, Twist, zinc

finger E-box binding homeobox 1 (ZEB1), and ZEB2), ultimately

initiating the EMT in those epithelial cells [49]. Snail, a crucial

transcription factor involved in driving EMT, exhibits its activa-

tion is related to tumor pathological grade, lymphatic metastasis,

and poor prognosis [50]. The level of snail was significantly inhib-

ited after treatment with II-6, leading to the blocking of EMT (Fig.

S5C in Supporting information), which manifested that the epithe-

lial marker E-cadherin was up-regulated while mesenchymal mark-

ers N-cadherin, ZEB1, matrix metalloproteinase-9 (MMP9), and vi-

mentin were down-regulated. All of the results robustly demon-

strating that II-6 inhibits the EMT process, thereby weakening the

migration and invasion capabilities of OC cells.

After thoroughly exploring the effectiveness of II-6 in inhibiting

the proliferation and migration of tumor cells, we further focused

on its regulation of critical life activities within tumor cells. The

disordered proliferation and migration of tumor cells are the two

core features of their malignancy, and the abnormal regulation of

the cell cycle and the evasion of apoptosis mechanisms are the key

molecular mechanisms behind these behaviors [51]. To compre-

hensively understand the anti-tumor mechanism of II-6, we further

explore whether II-6 can intervene in the cell cycle progression of

tumor cells and induce cell apoptosis. Flow cytometry analysis (Fig.

S5D in Supporting information) unveiled the unique mechanism of

II-6 inducing cell cycle arrest at the S phase in A2780 cells. Com-

pared to the control, II-6 inhibited cell proliferation by disrupting

the critical stage of DNA replication, the proportion of cells in the S

phase significantly increased, whereas that in the G2/M phase de-

creased. Subsequently, to validate the pro-apoptotic effect of II-6,

we conducted the Annexin V-fluorescein isothiocyanate/propidium

iodide (FITC/PI) staining which revealed a distinct dose-dependent

manner of apoptosis induction in A2780 cells (Fig. S5E in Support-

ing information). When tumor cells receive stimulation, some trig-

gers in the mitochondrial pathway are activated, subsequently acti-

vating the pro-apoptotic proteins (BAX, Bak) and the anti-apoptotic

proteins (Bcl-2, Bcl-XL and Mcl-1), leading to the disruption of

mitochondrial outer membrane permeability (MOMP). As a result,

proteins usually confined in the intermembrane space diffuse into

Fig. 2. Antitumor effect in xenograft model and mechanism of II-6 in A2780. (A)

Tumor volume change of mice during the antitumor treatment. Data are presented

as mean ± SD (n=5). (B) II-6 was associated with the SIRT2/AKT/mTOR signal-

ing pathway. (C) The alkaline comet assay image, which showed II-6 induced DNA

damage in A2780 cells exposed to 10 μmol/L concentration. Scale bar: 100 μm for

10× image and 20 μm for 40× image. (D) Western blot was used to analyze the lev-

els of SET8 and H4K20me1/H4K20me2 after SIRT2 degradation, as well as the levels

of DNA damage markers 53BP1 and γ -H2AX. (E) CLSM analysis for H4K20me2 and

53BP1. Scale bar: 3 μm. (F) The plot profiles show fluorescence intensity variations

along an oblique line, quantified by ImageJ. (G) Co-localization between two entities

is assessed using Pearson coefficients, calculated by JACoP in ImageJ.

the cytosol, bind to apoptosis protease activating factor-1 (Apaf-1),

and then trigger the formation of a complex named apoptosome.

This complex recruits the initiator pro-caspase-9 to its caspase re-

cruitment domain (CARD), which activates caspase cascade reac-

tion followed by proteolysis [52]. The balance between the regula-

tory factors of pro-apoptotic and anti-apoptotic proteins is the crit-

ical point to determine whether a cell undergoes apoptosis. The

imbalance of cell apoptosis is considered to be one of the hall-

marks of cancer. In this study, compound II-6 exerted its apoptotic

effect by significantly induced up-regulation of the pro-apoptotic

protein BAX and down-regulation of the anti-apoptotic proteins

Bcl-2 and Bcl-XL (Fig. S5F in Supporting information), thereby pro-

viding definitive evidence for the underlying mechanism of II-6-

induced apoptosis. Up to now, this study has elucidated the anti-

proliferation, migration and pro-apoptotic effects of compound II-

6 in OC cells from multiple dimensions, laying a solid cellular and

molecular foundation for its development as a potential therapeu-

tic drug for OC.

Given the remarkable anti-tumor activity and SIRT2 degradation

capability of compound II-6 observed in vitro, subsequently, we

implemented pharmacodynamic explorations to thoroughly eval-

uate the anti-tumor efficacy in xenograft mouse model. Pharma-

codynamics was explored based on the experimental flowchart

shown in Fig. S6A (Supporting information). When administered

at a dosage of 5mg/kg, the degrader II-6 significantly delayed the

tumor progression than the conventional chemotherapeutic agent

(cisplatin) and the small molecule SIRT2 inhibitor (tenovin-6) in

the ovarian tumor xenograft mouse model (Fig. 2A and Fig. S6B

in Supporting information). Additionally, compared to the control

group, there was no animal mortality and significant change in

mice body weight observed during the study period (Fig. S6C in
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Supporting information). This result emphasized the exceptional

safety of II-6 at the tested dosage.

To further analyze whether II-6 affects the organs of mice while

inhibiting tumor growth, we conducted histopathological analysis

on the important organs (heart, liver, spleen, lung, and kidney)

of nude mice through hematoxylin and eosin (H&E) staining (Fig.

S7 in Supporting information). The staining results in the heart,

liver, spleen, lung, and kidneys showed no significant difference

among all groups, indicating that II-6 treatment had no obvious

adverse effects on the organs of nude mice. In addition, the pres-

ence of Ki-67 within the nucleus serves as a proliferation indicator;

as its expression level increases, it signifies an elevated number of

cells undergoing the cell division phase, thereby accelerating tumor

growth [53]. Moreover, the II-6 induced tumor growth reduction in

mouse xenograft tumor models was also confirmed by the results

of Ki67 antibody staining (Fig. S7).

To assess the stability and safety of compound II-6, a prelimi-

nary evaluation of metabolism and toxicity was investigated by uti-

lizing the online ADMET software (https://admetmesh.scbdd.com).

As shown in Table S3 (Supporting information), II-6 was a poten-

tial inhibitor or substrate for cytochrome P450 family 2 subfam-

ily C member 9 (CYP2C9), CYP2D6 and CYP3A4. In addition, it re-

vealed that II-6 was safe with no potential toxic side effects against

multiple targets. Furthermore, the acute toxicity and the plasma

stability of compound II-6 were conducted accordingly. II-6 was

quite stable in the complex metabolic factors of plasma, and slight

acute toxicity (Figs. S8 and S9 in Supporting information). Taken

together, these findings suggested that II-6 was a good candidate

with low toxicity and could serve as a potential lead for an anti-

tumor drug to treat OC.

It was reported that SIRT2 promoted the migration and

invasion of gastric cancer through Rat sarcoma/extracellular

signal-regulated Kinase/c-Jun N-terminal kinase/MMP-9

(RAS/ERK/JNK/MMP-9) pathway [54], the SIRT2/myelocytomatosis

viral oncogene homolog (cMYC) pathway in cholangiocarcinoma

[55], and the SIRT2/AKT/p21 pathway in colon cancer [56]. So far,

there is no report on the signaling pathway mediated by SIRT2

in OC. Since, the phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR

signaling pathway plays an important role in the regulation of

OC cell survival, growth, proliferation, angiogenesis, transcription,

translation, and metabolism [57]. AKT, a serine/threonine kinase,

holds a pivotal position in the PI3K signaling pathway, upregula-

tion AKT activates mTOR, which is contributed to tumorigenesis.

As we know, AKT’s activity and phosphorylation state are regu-

lated by SIRT2. Thus, we proposed that SIRT2 might involve in the

AKT signaling pathway in OC. Therefore, the pathway enrichment

analysis was performed accordingly, the experimental result was

shown in Fig. 2. We observed significant inhibition of AKT and

p-AKT under the action of 100nmol/L II-6, which in turn leading

to the down-regulation of its downstream signaling molecule

mTOR (Fig. 2B). This results clearly demonstrated that the overall

activity of the SIRT2/AKT/mTOR signaling pathway was effectively

inhibited by degrader II-6.

Previous reports have demonstrated that SIRT2′s deacetylation

activity triggers the activation of DNA-dependent protein kinase

(DNA-PK), which subsequently enhances the efficiency of repair-

ing DNA double-strand breaks (DSBs) via the non-homologous end

joining (NHEJ) [58]. To further verify whether the degrader II-6

can induce DNA damage, we performed the comet assay. In the

comet assay, damaged cellular DNA (comprising fragments and

broken bonds) was segregated from intact DNA, forming a comet

tail shape visible under fluorescence microscopy, while undamaged

DNA appears as a round shape without a tail. Compared with con-

trol group, II-6 elicited a discernible level of DNA damage upon

interaction with A2780 cells (Fig. 2C). To further validate this con-

clusion, we systematically assessed the impact of II-6 on down-

stream DNA damage markers, γH2AX and 53BP1, using a combi-

nation of Western blot and fluorescence confocal microscopy. The

protein level of 53BP1 gradually decreased as the concentration

of II-6 increased, while significantly elevating γH2AX levels (Fig.

2D and Fig. S6D in Supporting information), which indicated that

more DSBs were produced after being treated with II-6.

To investigate the mechanism for the degradation of II-6 on

DSBs related protein, we focused on SET8 protein, another acetyla-

tion substrate of SIRT2 [59]. The absence of SET8 triggers a range of

pathological changes, mainly because of the down-regulation of es-

sential factors involved in homologous recombination (HR), includ-

ing RADiation sensitive 51 (RAD51) and Breast Cancer 2 (BRCA2).

This reduction affects the stability and repair proficiency of DNA

replication processes, ultimately leading to the accumulation of

DNA damage [60]. As expected, SET8 expression lever decreased

significantly as SIRT2 degradation (Fig. 2D). As the sole methyl-

transferase in mammals that targets H4K20, the down-regulation

of SET8 directly impacted the methylation status of H4K20, which

not only led to a decrease in the expression of H4K20me1, but

also the expression of H4K20me2 as well (Figs. 2D and E, Fig.

S6E in Supporting information). 53BP1 is a key medium protein

that guides DSBs repair through NHEJ, studies have shown that

53BP1 can specifically bind to nucleosomes containing H2AK15ub

through ubiquitin-dependent recruitment motifs (UDR). This bind-

ing depends on the simultaneous involvement of histone H4K20

dimethylation (H4K20me2) via its tandem Tudor domains, which

ensures the precise localization of 53BP1 at DNA damage sites [61].

In other words, the presence of H4K20me2 is essential for the re-

cruitment of 53BP1 to DSBs. From this, we hypothesize that the

down-regulation of H4K20me2 would disrupt the normal function

of 53BP1.

CLSM analysis was performed to precisely validate the spa-

tial colocalization between H4K20me2 foci and 53BP1 foci. It

was worth mentioning that our fluorescence confocal analysis

showed a significant degree of colocalization between 53BP1 and

H4K20me2 when normal conditions were present (colocalization

coefficient=0.699). The treatment of II-6 led to significant reduc-

tion in H4K20me2 protein levels (Fig. 2E), which resulted in a

weakening of their colocalization efficiency (Figs. 2F and G), with

the colocalization coefficient decreasing to 0.29 at II-6, 10 μmol/L).

This modification had a direct impact on the interaction between

H4K20me2 and 53BP1, which ultimately hindered the efficient pro-

gression of DDR processes. The results provided a solid theoretical

foundation and experimental evidence for the potential of II-6 as a

potential drug for OC at the molecular level.

To acquire a thorough understanding of how acyl thiourea hy-

drophobic tag degrader II-6 affected the gene transcriptional ac-

tivities of A2780 cells, we conducted a comprehensive gene tran-

scriptomics analysis using RNA sequencing technology. The analysis

demonstrated from a transcriptomic perspective that II-6 inhibited

the HR mechanism, thus preventing the effective repair process

of DSB and ultimately leading to the accumulation of DNA dam-

age. Kyoto encyclopedia of genes and genomes (KEGG) analysis re-

vealed significant enrichment in the AKT-mTOR signaling pathway

and the DNA damage signaling pathway (Fig. S10 in Supporting in-

formation). In addition, a detailed mechanistic study revealed that

the SIRT2 degradation caused by II-6 could down-regulate the ex-

pression of SET8, its deacetylation substrate, which, in turn, led

to a significant reduction in the expression levels of H4K20me1

and H4K20me2 at the histone H4K20 site, a modification that

plays a crucial role in maintaining chromatin structure and regu-

lating gene expression [62]. Furthermore, the intricate biochemical

regulation directly hindered the recruitment function of the DDR

factor 53BP1, resulting in the accumulation of DNA damage (Fig.

S11 in Supporting information). Therefore, SIRT2 degradation could

impact SET8-mediated epigenetic modifications, and consequently
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regulate the expression of downstream genes and influence bio-

logical behaviors of OC cells. The detailed transcriptomic validation

information was outlined in the Supporting information.

In summary, we firstly demonstrated that SIRT2 was highly ex-

pressed in OC and correlated with poor prognosis of patients using

an in-depth analysis of the clinical characteristics of the expression

pattern of SIRT2 in OC patients. Based on the HyT degradation

strategy, series of novel SIRT2-targeted acyl thiourea-based HyT de-

graders were designed and synthesized; their anti- OC activity and

detailed mechanism were evaluated accordingly. Gratefully, most

compounds exhibited excellent antiproliferative activity against

various OC cell lines. Also, excellent degradation activities were

observed in A2780 cells. Among them, compound II-6 featuring

Boc1-Trp exhibited superior degradation, antiproliferative abilities

(IC50 =0.002±0.001μmol/L), and higher security (selectivity index

(SI)=405.50) as well. Furthermore, it significantly inhibited the

metastasis of OC cells and induced cell cycle arrest and apoptosis

in vitro. Concurrently, it also showed promising anti-tumor growth

effects in vivo. The study establishes a solid foundation for HyT

degradation as an effective strategy for treating OC.
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