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Introduction: Histone deacetylase 8 (HDAC8) plays a role in glioblastoma progression, making it a promising therapeutic target. 
While HDAC8 inhibitors (HDAC8is) suppress glioblastoma growth and prolong survival in animal models, they do not eliminate 
HDAC8. In contrast, HDAC8-targeting proteolysis-targeting chimera (PROTAC), a selective HDAC8 degrader, induces proteasomal 
degradation of HDAC8 and thus eliminates all of its functions.
Purpose: In this study, we investigated the antitumor activity and underlying mechanisms of a previously reported HDAC8 PROTAC 
in glioblastoma cells.
Methods: Cytotoxicity in glioblastoma-derived U-87 MG, A172 and T98G cells and primary human astrocytes (PHA) was assessed 
via 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium assays. Live-cell imaging was performed using an Incucyte® Live-Cell 
Analysis System. Cell proliferation, cell cycle distribution, and apoptosis were analyzed using flow cytometry. HDAC8 and key 
regulators of cell cycle and apoptosis were quantified via Western blotting.
Results: HDAC8 PROTAC effectively degraded HDAC8 and exhibited cytotoxic and antiproliferative effects in human glioblastoma 
cells, while demonstrating minimal toxicity in PHA. It induced S-phase arrest and reduced Cdk1, Cdk2, Cdk4, Cdk6, and cyclin B1 
expression. It elevated caspase-3/7 activation, downregulated Bcl-2, induced apoptosis, and upregulated key endoplasmic reticulum 
(ER) stress response proteins, including BiP, XBP1s, CHOP, and p-JNK in U-87 MG glioblastoma cells. The HDAC8 PROTAC 
demonstrated stronger antitumor activity than HDAC8i and pan-HDACi vorinostat. Moreover, the HDAC8 PROTAC showed selective 
toxicity toward glioblastoma cells compared to primary human astrocytes.
Conclusion: HDAC8 PROTAC selectively suppressed glioblastoma cell growth and viability by arresting the cell cycle and inducing 
ER stress-mediated apoptosis via the IRE1α/XBP1s–JNK–CHOP pathway. Hence, HDAC8 PROTAC is a potential therapeutic agent 
for glioblastoma treatment.
Keywords: HDAC8, PROTAC, HDAC8 degradation, cell cycle arrest, apoptosis, endoplasmic reticulum stress

Introduction
Glioblastoma, the most common and aggressive type of brain cancer, has a poor prognosis and low survival rate with 
global 5-year survival rate below 17%.1 Standard treatment with temozolomide (TMZ) and radiotherapy provides a 
median overall survival of only 14.6 months and a progression-free survival (PFS) of 6.9 months.2 Therefore, there is an 
urgent need to develop novel therapeutic strategies that overcome these challenges and improve patient outcomes.

The histone deacetylases (HDACs) are enzymes that deacetylate histone and nonhistone proteins. HDAC inhibitors 
(HDACis) have demonstrated anticancer effects against several types of cancer.3–8 Vorinostat (suberoylanilide hydro
xamic acid), a pan-HDACi, has shown activity against human glioblastoma U-87 MG cells9 and was the first HDACi to 
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enter clinical trials for glioblastoma treatment. In recurrent glioblastoma, vorinostat monotherapy yielded a 6-month 
progression free rate of 17% and a median overall survival was 5.7 months,10 while its combination with TMZ and 
radiotherapy improved survival outcomes in newly diagnosed patients.2,11 However, significant grade 3–4 toxicities— 
particularly the occurrence of thrombocytopenia, neutropenia, leukopenia, and fatigue—have been attributed to vorino
stat’s nonselective effects, highlighting the need for isoform-specific HDACis to reduce adverse events.

HDAC8 is a class I HDAC that deacetylates nonhistone proteins12,13 and its inhibition or knockdown reduce the 
viability of U-87 MG and T98G glioblastoma cells,14 while HDAC8 inhibition prolonged survival in glioblastoma- 
bearing mice,15 highlighting the crucial role of HDAC8 in glioblastoma. It is important to note that in addition to its 
enzymatic activity, HDAC8 has a scaffolding function. It interacts with other transcription factors,16,17 which are 
implicated in cancer development and progression. In glioblastoma, a scaffolding function of HDAC8 has also been 
reported, where HDAC8 interacts with the proteasome receptor adhesion regulating molecule 1 (ADRM1), promoting 
DNA-damage repair and contributing to TMZ resistance.14 Hence, the disruption of catalytic function of HDAC8 by 
classical inhibitors may not fully inhibit the enzyme’s tumorigenic activity.

To overcome this limitation, we developed an selective HDAC8 Proteolysis Targeting Chimera (HDAC8 PROTAC) (1)18 

by linking HDAC8i (2),19 an NCC-149 derived HDAC8-selective inhibitor, to pomalidomide (3), which is commonly used as 
the E3 ligase recruiting part for PROTACs. As shown in Figure 1, the linker part of HDAC8 PROTAC (1) is connected with an 
NCC-149 derived HDAC8i (2) at meta- position. A docking study showed linking at one of meta-positions has less steric 
clashes than othro- and para-positions, leading to the higher degradation activity compared with para-substitution compound.
18 This HDAC8 PROTAC was also shown to selectively induce the degradation of HDAC8 via the ubiquitin–proteasome 
system and to significantly inhibit cell growth in T-cell leukemia (Jurkat) cells.18 This selectivity was confirmed by both 
enzymatic catalytic assay and cell-based assay.18 The isoform-specific degradation induced by the HDAC PROTAC (1) may 
result from attaching the linker to the meta- position of the NCC-149 derived HDAC8 inhibitor (2) which allows the ligand to 
adopt the L-shaped conformation required for selective binding to the HDAC8-specific pocket.20 Since our report of the 
HDAC8 PROTAC (1), several other HDAC8 PROTACs have also been developed and shown to inhibit both the catalytic and 
scaffolding functions of HDAC8.21–27 Given the promising results achieved with reported HDAC8 PROTACs, their antic
ancer effects in HDAC8-driven cancers are being investigated in a range of cancer types, including T-cell leukemia,18,28 breast 

Figure 1 Structure of (A) HDAC8 PROTAC (1), (B) HDAC8 inhibitor (2), and (C) Pomalidomide (3).

https://doi.org/10.2147/DDDT.S555228                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 2

Chotitumnavee et al                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cancer,29 and neuroblastoma.30 However, the anticancer effects of HDAC8 PROTACs in glioblastoma cells have not been 
reported. Therefore, in this study, we examined the anticancer effects of our previously developed HDAC8 PROTAC (1)18 in 
glioblastoma cells.

Materials and Methods
Chemicals and Reagents
HDAC8 PROTAC (1),18 an NCC-149 derived HDAC8i (2)19 which is an HDAC8-recruiting ligand for HDAC8 
PROTAC (1), and vorinostat were synthesized in Dr. Takayoshi Suzuki’s laboratory (SANKEN, The University of 
Osaka, Japan), following the previously described procedure.18,19 Pomalidomide was purchased from MedChemExpress 
(USA). All reagents were dissolved in dimethyl sulfoxide (DMSO; Sigma, USA).

Cell Lines and Culture
U-87 MG, A172, and T98G human glioblastoma cell lines, the most used human glioblastoma cell models for aggressive 
brain tumor, were obtained from the American Type Culture Collection (ATCC, USA). Primary human astrocytes (PHA), 
representing normal astrocytes, were prepared in Dr. Christopher Power’s laboratory (University of Alberta, Canada) 
according to protocol number Pro00027660 assigned by Health Research Ethics Board of University of Alberta and 
consent was obtained by the study participants prior to study commencement. Both cell types were cultured and 
maintained in Minimum Essential Medium (MEM; Gibco, USA) at 37°C in a humidified atmosphere of 5% CO2. The 
culture medium was supplemented with 1% sodium pyruvate (Gibco, NY, USA), 1% penicillin–streptomycin (Merck, 
USA and Gibco, USA), and 10% fetal bovine serum (FBS; Gibco, USA) for the U-87 MG and T98G cells. For PHA, the 
culture medium was additionally supplemented with 1% L-glutamine (Gibco, USA) and 1% MEM nonessential amino 
acid (Gibco, USA). A172 cells were cultured and maintained in Dulbecco’s Modified Eagle Medium (DMEM; Gibco, 
USA) supplemented with 1% penicillin–streptomycin (Merck, USA and Gibco, USA), and 10% fetal bovine serum 
(FBS; Gibco, USA) at 37°C in a humidified atmosphere of 5% CO2.

Cell Viability Assay
A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT; TCI, Japan) assay was used to investigate the cytotoxicity of 
HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), vorinostat, 0.5% DMSO (control), and/or a combination of HDAC8 
inhibitor (2) and pomalidomide (3) in U-87 MG, A172, T98G and PHA. Briefly, each human glioblastoma cell line was seeded 
into 96-well plates at 20,000 cells/well, while PHA were seeded into 48-well plates at 35,000 cells/well. Following overnight 
incubation, the cells were treated with the test compounds at the indicated concentrations and incubated at 37°C in a 
humidified atmosphere of 5% CO2 for 72 h. MTT solution was added, and the cells were incubated for another 2 h. The 
formazan precipitate was dissolved in DMSO, and the absorbance was subsequently measured at 562 nm using an Epoch 
microplate spectrophotometer (Biotek®, USA). The IC50 value (the concentration of the test compound that resulted in 50% 
cell viability) was calculated from the logarithmic plot of the inhibitor concentration ([Inh]) versus the logistic function of the 
percentage of cell viability using GraphPad Prism version 10.3 (GraphPad Software LLC, USA).

Analysis of Cell Proliferation
CytoLabeling Deep Red Reagent (ab176736, Abcam, USA) was used to assess the antiproliferative effect of the test 
compounds. The CytoLabeling Deep Red Reagent permeates through the cell membrane and is hydrolyzed by intracel
lular esterases, releasing a fluorescent compound in the process. The fluorescent compound covalently binds to 
intracellular proteins, which allows it to be transferred to daughter cells. As the cells that contain the compound 
proliferate, the mean fluorescence intensity decreases. Therefore, an intense fluorescent signal indicates a lack of 
proliferation. Briefly, U-87 MG cells were labeled with CytoLabeling Deep Red Reagent in phosphate-buffered saline 
(PBS; Cytiva, USA). The excess reagent was washed away using PBS containing 2% FBS. Stained cells were seeded into 
96- and 6-well plates at 20,000 and 200,000 cells/well, respectively. Following overnight incubation at 37°C in a 
humidified atmosphere of 5% CO2, the cells were treated with the test compounds at the indicated concentrations. The 
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cells in the 96-well plates were subsequently incubated in an Incucyte® Live-Cell Analysis System (Sartorius, Germany) 
to capture the real-time fluorescence shift, with images captured every 12 h for 144 h. To confirm the fluorescence shift, 
the single-cell mean fluorescence intensity in the cells cultured in the 6-well plates was measured at 72 h post treatment 
using a BD AccuriTM C6 plus flow cytometer (BD Biosciences, USA) and analyzed using FlowJo software (BD 
Biosciences, V10.8.1). A minimum of 10,000 events were analyzed per sample. The percentage of fluorescence intensity 
was calculated and compared to that in the DMSO-treated group (control).

Cell Cycle Analysis
To examine the effects of the test compounds on the cell cycle distribution of U-87 MG cells, cells were seeded into 6- 
well plates at 200,000 cells/well and incubated at 37°C in a humidified atmosphere of 5% CO2 overnight. The cells were 
subsequently cultured in MEM without supplements overnight to induce cell synchronization and then treated with the 
test compounds at the indicated concentrations. At 72 h post treatment, the cells were trypsinized, fixed with 70% ethanol 
on ice for 30 min, washed with PBS, and stained with a propidium iodide (PI)/RNase staining solution (BD Biosciences, 
USA). The DNA content was analyzed using a BD FACSMelody™ Cell Sorter flow cytometer (BD Biosciences, USA) 
and FlowJo software (BD Biosciences, V10.8.1, USA).

Detection of Apoptotic Cells
To investigate the capacity of the test compounds to induce apoptosis, U-87 MG cells were seeded into 6-well plates at 
150,000 cells/well and incubated at 37°C in a humidified atmosphere of 5% CO2 for 48 h. The cells were subsequently treated 
with the test compounds at the indicated concentrations. At 72 h post treatment, the supernatant was collected, and the cells 
were trypsinized. The supernatant and detached cells were centrifuged at 1,400 rpm for 5 min. The cells were then washed 
twice with Annexin V binding buffer (BD Biosciences, USA). The cells were stained with Annexin V-PE and 7-amino 
actinomycin D in the dark for 15 min. Single cells were analyzed using a BD FACSMelody™ Cell Sorter flow cytometer (BD 
Biosciences, USA) and FlowJo software (BD Biosciences, V10.8.1, USA). A minimum of 10,000 events were analyzed per 
sample. The percentages of early and late apoptotic cells were summed to determine the overall percentage of apoptotic cells.

Detection of Caspase-3 and Caspase-7 Activity
U-87 MG cells were seeded into 96-well black plates with a clear flat bottom at 25,000 cells/well. Following overnight 
incubation at 37°C in a humidified atmosphere of 5% CO2, the cells were stained with Caspase-3/7 Dye (Sartorius, 
Germany), treated with the test compounds at the indicated concentrations, and incubated in an Incucyte® Live-Cell 
Analysis System (Sartorius, Germany). Live-cell images were captured every 3 h until 72 h. Red fluorescence (indicative 
of caspase-3/7 activity) was analyzed using the Incucyte® S3 Live-Cell Analysis platform.

Western Blotting
To determine the effect of HDAC8 PROTAC (1) on the level of HDAC8, U-87 MG cells were seeded into 60 mm dishes 
at 700,000 cells/well and incubated at 37°C in a humidified atmosphere of 5% CO2 overnight. The cells were then 
incubated with HDAC8 PROTAC (1) at either 10 μM for different lengths of time, including 0, 4, 8, 16, and 24 h., or at 
different concentrations for 24 h. To determine levels of proteins involved in cell cycle regulation, including Cyclin- 
dependent kinase (Cdk) 1, Cdk2, Cdk4, Cdk6, cyclin B1, cyclin E, and cyclin A2, U-87 MG cells were seeded at 700,000 
cells/well, incubated overnight at 37°C in a humidified atmosphere of 5% CO2, incubated in MEM without supplements 
overnight, and then treated with HDAC8 PROTAC (1), HDAC8i (2), or pomalidomide (3) at 10 μM for 72 h. To detect 
proteins involved in apoptosis, autophagy, DNA damage, ER stress, and the mitogen-activated protein kinase (MAPK) 
pathway, including B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax), microtubule-associated protein 1A/1B- 
light chain 3 (LC3), spliced X—box binding protein 1 (XBP1s), binding immunoglobulin protein (BiP), C/EBP 
homologous protein (CHOP), c-Jun-N-terminal kinase (JNK), phosphorylated JNK (p-JNK), extracellular signal-regu
lated kinase (ERK), and phosphorylated ERK (p-ERK), U-87 MG cells were seeded at 400,000 cells/well and incubated 
at 37°C in a humidified atmosphere of 5% CO2 overnight. Then, the cells were treated with the test compounds at the 
indicated concentrations for 24 or 72 h.
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All the cells were then harvested, treated with lysis buffer (20 mM Tris, 1% NP-40, 50 mM NaCl) and a protease 
inhibitor cocktail (#539134, MilliporeSigma, USA), and centrifuged at 10,000 rpm for 10 min at 4°C. The protein 
concentration of each lysate was determined using a bicinchoninic acid protein assay Kit (#23227, Invitrogen, USA). 
Equivalent amounts of protein from each lysate were separated in 10% SDS-polyacrylamide gels and transferred to 
nitrocellulose membranes. After blocking with skimmed milk (1% for HDAC8, CdK4, Cdk6, cyclin B1, cyclin E, Bcl-2, 
Bax, LC3, XBP1s, BiP, and CHOP, and 5% for other proteins), the membranes were probed with primary antibodies. The 
antibodies and probing conditions are shown in Table 1.

Table 1 List of Antibodies and Dilution of Probing for Western Blotting Analysis

Antibodies Supplier Catalog no. Dilution for Probing

Primary Antibodies

Rabbit monoclonal HDAC8 antibody Abcam Ab187139 1:1000

Rabbit monoclonal Cdk1 antibody Cell Signaling Technology CS#28439 1:1000

Rabbit monoclonal Cdk2 antibody Cell Signaling Technology CS#18048 1:1000

Rabbit monoclonal Cdk4 antibody Cell Signaling Technology CS#12790 1:1000

Rabbit monoclonal Cdk6 antibody Cell Signaling Technology CS#13331 1:1000

Rabbit polyclonal Cyclin B1 antibody Cell Signaling Technology CS#4138 1:1000

Rabbit monoclonal Cyclin E antibody Cell Signaling Technology CS#20808 1:1000

Mouse monoclonal Cyclin A2 antibody Cell Signaling Technology CS#4656 1:2000

Rabbit monoclonal BCL-2 antibody Abcam Ab32124 1:1000

Rabbit polyclonal Bax antibody Cell Signaling Technology CS#2772 1:400

Rabbit polyclonal LC3 antibody Cell Signaling Technology CS#4108 1:1500

Rabbit monoclonal XBP1s antibody Cell Signaling Technology CS#40435 1:1000

Rabbit monoclonal BiP antibody Cell Signaling Technology CS#3177 1:1000

Mouse monoclonal CHOP antibody Cell Signaling Technology CS#2895 1:1000

Rabbit monoclonal p-JNK antibody Cell Signaling Technology CS#4668 1:1000

Rabbit polyclonal JNK antibody Cell Signaling Technology CS#9252 1:2000

Rabbit monoclonal p-ERK antibody Cell Signaling Technology CS#4370 1:4000

Rabbit monoclonal ERK antibody Cell Signaling Technology CS#4695 1:2000

Rabbit monoclonal GAPDH antibody Cell Signaling Technology CS#5174 1:1000

Secondary Antibodies

ECL rabbit IgG, HRP-linked whole antibody Jackson ImmunoResearch 111-035-003 1:5000

ECL mouse IgG, HRP-linked whole antibody Jackson ImmunoResearch 115-035-003 1:5000

Abbreviations: HDACs, histone deacetylases; HDAC8, histone deacetylase 8; HDAC8is, histone deacetylase inhibitors; PROTACs, proteolysis- 
targeting chimeras; HDAC8 PROTAC, histone deacetylase 8-targeting proteolysis-targeting chimeras; pan-HDACi, pan-histone deacetylase 
inhibitor; TMZ, temozolamide; PFS, progression-free survival; ER, endoplasmic reticulum; PHA, primary human astrocytes; STAT3, signal 
transducer and activator of transcription 3; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium; DMSO, dimethyl sulfoxide; MEM, 
minimum essential medium; DMEM, Dulbecco’s modified eagle medium; IC50, half-maximal inhibitory concentration; DC50, half-maximal 
degradation concentration; PBS, phosphate-buffered saline; FBS, fetal bovine serum; Cdks, cyclin-dependent kinases; MAPK, mitogen-activated 
protein kinase; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; LC3, microtubule-associated protein 1A/1B-light chain 3; IRE1α, inositol- 
requiring enzyme 1 alpha; XBP1s, spliced X—box binding protein 1; BiP, binding immunoglobulin protein; CHOP, C/EBP homologous protein; 
JNK, c-JUN-N-terminal kinase; p-JNK, phosphorylated JNK; ERK, extracellular signal-regulated kinase; p-ERK, phosphorylated ERK; HDAC1, 
histone deacetylase 1; HDAC2, histone deacetylase 2; HDAC6, histone deacetylase 6; Bmf, Bcl-2-modifying factor; p53, tumor protein p53; 
ADRM1, adhesion regulating molecule 1; MGMT, O-6-methylguanine-DNA methyltransferase; p21, cyclin-dependent kinase inhibitor 1A; TNBC, 
triple-negative breast cancer.
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The probed membranes were washed three times with Tris-buffered saline containing 0.5% Tween 20 and incubated 
with a secondary antibody linked to horseradish peroxidase. The proteins were visualized using a ClarityTM Western ECL 
substrate (#170-5060, BioRad, USA). The concentration of the test compound that resulted in 50% degradation (DC50) 
was determined from the logarithmic plot of the concentration [Inh] versus the logistic function of % degradation using 
GraphPad Prism version 10.3 (GraphPad Software LLC).

Statistical Analysis
Data are presented as mean ± standard deviation (S.D.) values calculated from five independent experiments. All statistical 
analyses were performed using GraphPad Prism version 10.3 (GraphPad Software LLC). Data distribution was evaluated 
visually using Q-Q plots. Differences between experimental groups were determined by one-way analysis of variance using 
the Tukey–Kramer post hoc test for multiple comparisons. A p-value < 0.05 indicates statistical significance, a p-value < 0.01 
indicates a highly significant result, and a p-value < 0.001 indicates an extremely significant result.

Results
HDAC8 PROTAC (1) Reduced the Viability of Glioblastoma Cells
To investigate the potential of HDAC8 PROTAC (1) as an anticancer agent for glioblastoma treatment, we assessed the 
viability of U-87 MG, A172, and T98G cells treated for 72 h with HDAC8 PROTAC (1). The results showed that 
HDAC8 PROTAC (1) reduced cell viability in a dose-dependent manner. The half-maximal inhibitory concentration of 
HDAC8 PROTAC (1) was 6.12 ± 1.52 μM, 6.25 ± 1.83 μM, and 22.68 ± 10.36 μM in U-87 MG, A172, and T98G cells, 
respectively (Figures 2A). In U-87 MG cells, its cytotoxic effect was more potent than that of HDAC8i (2) and 
vorinostat. The half-maximal inhibitory concentration of HDAC8 PROTAC (1) was approximately 10 times more potent 
than HDAC8i (2) and roughly three times more potent than vorinostat, while pomalidomide (3) showed no cytotoxic 
effect (Figure 2B).

Because HDAC8 PROTAC (1) includes HDAC8i (2) (an HDAC8 ligand), linker, and pomalidomide (3) (an E3 ligase 
ligand), we investigated whether the observed cytotoxicity was specifically attributable to HDAC8 PROTAC (1) or its 
components. To this end, we co-treated U-87 MG cells with HDAC8i (2) and pomalidomide (3) (10 μM each) 
(Figure 2C). Only HDAC8 PROTAC (1) had a significant cytotoxic effect; HDAC8i (2), pomalidomide (3), and the 
combination of these compounds had no effect on cell viability. These results suggest that the HDAC8 PROTAC has a 
potent cytotoxicity effect in the U-87 MG cells. This effect may be due to the function of HDAC8 PROTAC to degrade 
HDAC8 in glioblastoma cells.

HDAC8 PROTAC (1) Showed Selective Cytotoxicity in Glioblastoma Cells Compared 
to PHA
To assess the selective cytotoxicity of HDAC8 PROTAC (1), we conducted cell viability assays in which U-87 MG cells 
and PHA were treated with the test compounds. As shown in Figure 3, treatment with HDAC8 PROTAC (1) at 5 μM and 
10 μM significantly reduced the viability of the U-87 MG cells, whereas it had a minimal effect on the viability of the 
PHA. Compared with the U-87 MG cells, the PHA exhibited approximately 2-fold and 3-fold greater viability after 
treatment with HDAC8 PROTAC (1) at 5 μM and 10 μM, respectively. This indicates that HDAC8 PROTAC (1) is 
selectively cytotoxic toward glioblastoma cells. However, HDAC8i (2), and pomalidomide (3) at 10 μM were found to be 
no difference in cell viability between the PHA and the glioblastoma cells, suggesting that these compounds exert 
nonselective cytotoxic effects. Additionally, treatment with vorinostat at 10 μM led to reduced viability in both U-87 MG 
cells and PHA, with the viability being only about 1.5-fold higher in the PHA compared to that in the U-87 MG cells, 
indicating lower cancer cell selectivity than HDAC8 PROTAC (1). Hence, HDAC8 PROTAC (1) showed greater 
selective cytotoxicity in glioblastoma cells compared to PHA.
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HDAC8 PROTAC (1) Inhibited Glioblastoma Cell Proliferation
To investigate whether HDAC8 PROTAC (1) inhibits glioblastoma cell proliferation, live-cell imaging and U-87 MG 
cells stained with CytoLabeling deep red reagent were performed by flow cytometry.

The cells were incubated with 10 μM of HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), or vorinostat for 
predetermined times. Representative bright-field images and fluorescence images after treatment with HDAC8 PROTAC 
(1) are shown in Figure 4A and B, respectively. A time-dependent decrease in the number of U-87 MG cells was 
observed, while the fluorescence intensity remained strong following treatment with HDAC8 PROTAC (1). This 
phenomenon was not observed in cells treated with HDAC8i (2) or pomalidomide (3). Our analysis of the vorinostat- 
treated cells showed that the number of cells was reduced, and this was accompanied by a slight decrease in the 
fluorescent signal (Supplementary Figure 1 and 2). These results suggest that HDAC8 PROTAC (1) inhibited the 
proliferation of U-87 MG cells.

When we analyzed the effect of each treatment using Incucyte® analysis software (Figure 4C–D), the results showed 
that the number of cells with high fluorescence intensity was not reduced after 36 h of treatment with HDAC8 PROTAC 
(1) at 5 and 10 μM (Figure 4C) and that among all the test compounds, treatment with HDAC8 PROTAC (1) led to the 
highest number of cells with high fluorescence until before 84 h of treatment, after that time the effect of HDAC8 

Figure 2 HDAC8 PROTAC (1) reduced glioblastoma cells viability. (A) Dose-response curves of the HDAC8 PROTAC (1) effects on U-87 MG, A172, and T98G 
glioblastoma cell viability after 72-h exposure. (B) Dose-response curves of the HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), and vorinostat effects on U-87 MG 
cell viability after 72-h exposure. To ensure consistency and enable direct comparison, the same dose-response curve representing cell viability induced by 10 μM HDAC8 
PROTAC (1) is shown in both Figure 2A and B. The half-maximal inhibitory concentrations (IC50) of these compounds were the mean ± S.D. of five independent 
experiments. (C) U-87 MG cell viability percentage after treatment with HDAC8 PROTAC (1), HDAC8 inhibitor (2), pomalidomide (3), and a combination of HDAC8 
inhibitor (2) and pomalidomide (3) at 10 µM for 72 h. Data are represented as the mean ± S.D. of five independent experiments. (*** p < 0.001).

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S555228                                                                                                                                                                                                                                                                                                                                                                                                       7

Chotitumnavee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/555228/Supplementary%20figures.pdf
https://www.dovepress.com/article/supplementary_file/555228/Supplementary%20figures.pdf


PROTAC (1) was equivalent to vorinostat at 10 μM (Figure 4D). These results are consistent with the flow cytometry 
results (Figure 4E). After 72 h of treatment, the cells treated with ≥ 1 μM HDAC8 PROTAC (1) showed significantly 
higher fluorescence than the vehicle-treated (control) cells. The cells treated with HDAC8 PROTAC (1) at 2.5 and 5 μM 
showed a significantly higher fluorescence intensity than the cells treated with 2.5 and 5 μM vorinostat, whereas HDAC8i 
(2) and pomalidomide (3) did not show an antiproliferative effect in the U-87 MG cells.

HDAC8 PROTAC (1) Mediated S-Phase Arrest in Glioblastoma Cells by Controlling 
Cdk and Cyclin Levels
To elucidate the mechanism underlying the antiproliferative effects of HDAC8 PROTAC (1), we investigated the effect 
of HDAC8 PROTAC (1) on cell cycle distribution and the proteins that regulate the cell cycle. A flow cytometric analysis 
of PI-stained cells revealed that HDAC8 PROTAC (1) increased the proportion of U-87 MG cells in the S Phase in a 
dose-dependent manner. In contrast, treating cells with HDAC8i (2), pomalidomide (3), or vorinostat at 10 µM did not 
result in any cell cycle arrest (Figure 5A). There was a significantly higher percentage of cells in the S phase in the 
samples that were treated with 10 μM HDAC8 PROTAC than in those treated with DMSO only (Figure 5B). Vorinostat 
increased the size of the sub-G1 population, indicating its cytotoxic effect (Figure 5C).

To evaluate how HDAC8 PROTAC causes cell cycle arrest, the levels of HDAC8 and proteins associated with the 
cell cycle were assessed via Western blot after 72 h of treatment with HDAC8 PROTAC (1), HDAC8i (2), and 
pomalidomide (3) at 10 μM. The level of HDAC8 was lower in the cells treated with HDAC8 PROTAC (1). Among 
the treatments, only 10 μM HDAC8 PROTAC (1) resulted in significantly lower levels of Cdk1, Cdk2, Cdk4, and Cdk6, 
which are essential for cell cycle progression. The cells that were treated with HDAC8 PROTAC (1) at 10 μM also 
exhibited reduced cyclin B1 levels, a protein necessary for mitotic entry or the M phase; however, their cyclin A2 and 

Figure 3 HDAC8 PROTAC (1) showed limited cytotoxicity against primary human astrocytes. The graph showed percentage of cell viability of U-87 MG, glioblastoma cells, 
and primary human astrocytes (normal cell) after 72-h treatment with the HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), and vorinostat at indicated concentra
tions. Data are represented as the mean ± S.D. of five independent experiments. (** p < 0.01, *** p < 0.001).
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Figure 4 HDAC8 PROTAC (1) inhibited cell proliferation in glioblastoma U-87 MG cells. (A) Representative bright-field images and (B) Representative fluorescence images 
of U-87 MG cells after treatment with 10 µM HDAC8 PROTAC (1) at indicated time point captured via Incucyte®. The red fluorescence was calculated via Incucyte® analysis 
software following (C) treatment with HDAC8 PROTAC (1) at indicated concentrations and (D) treatment with HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), 
and vorinostat at 10 µM every 12 h for 144 h. (E) Percentage of mean fluorescence intensity after treatment with the HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), 
and vorinostat at the indicated concentration for 72 h analyzed by flow cytometry. Data are represented as the mean ± S.D. of five independent experiments. (** p < 0.01, 
*** p < 0.001).

Drug Design, Development and Therapy 2026:20                                                                             https://doi.org/10.2147/DDDT.S555228                                                                                                                                                                                                                                                                                                                                                                                                       9

Chotitumnavee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cyclin E levels were unaffected (Figure 6). These results indicate that HDAC8 PROTAC (1) impacted on cell cycle 
regulation and mediated S-phase arrest by regulating the expression of Cdks and cyclins.

HDAC8 PROTAC (1) Induced Apoptosis in Glioblastoma Cells
To determine whether the cytotoxic effect of HDAC8 PROTAC (1) in glioblastoma cells was mediated by the induction 
of apoptosis, we performed a flow cytometric analysis and live-cell imaging of cells treated with the test compounds. The 
flow cytometric analysis revealed that HDAC8 PROTAC (1) induced more apoptosis than DMSO alone (Figure 7A) and 
the other compounds (Figure 7B) after treatment with 10 µM for 72 h. At the same concentration, HDAC8 PROTAC (1) 

Figure 5 HDAC8 PROTAC (1) induced S-phase cell cycle arrest in glioblastoma cells. (A) Representative histograms of cell cycle progression (B) bar graphs of glioblastoma 
cell distribution in S-phase (C) bar graphs of glioblastoma cell cycle distribution after 72-h treatment with the HDAC8 PROTAC (1), HDAC8 inhibitor (2), pomalidomide 
(3), and vorinostat at indicated concentrations. Data are represented as the mean ± S.D. of five independent experiments. (* p < 0.05).
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induced 1.3-fold more apoptosis than vorinostat (Figure 7B–C). HDAC8 PROTAC (1) also caused necrosis, albeit at a 
lower level (Figure 7D).

Caspase-3 and caspase-7 play crucial roles in apoptosis, undergoing cleavage and activation during the apoptotic 
process. To confirm the effect of HDAC8 PROTAC (1) on the apoptotic pathway, we used live-cell imaging to detect 
caspase-3 and caspase-7 activity. The results showed that HDAC8 PROTAC (1) increased caspase-3/7 activity in a dose- 

Figure 6 HDAC8 PROTAC (1) downregulated Cdk1, Cdk2, Cdk4, Cdk6, and Cyclin B1 in glioblastoma cells. Representative Western blots and bar graphs of HDAC8, 
Cdks, and cyclins compared to GAPDH after 72-h treatment with the HDAC8 PROTAC (1), HDAC8 inhibitor (2), and pomalidomide (3) at 10 μM. Data are represented as 
the mean ± S.D. of five independent experiments. (** p < 0.01, *** p < 0.001).
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and time-dependent manner, as reflected by the increase in fluorescence intensity (Figures 8A and B). Moreover, HDAC8 
PROTAC (1) was a more potent inducer of caspase-3/7 activation than vorinostat. In contrast, neither HDAC8i (2) nor 
pomalidomide (3) induced caspase-3/7 activation (Figure 8C). These results indicate that HDAC8 PROTAC (1) triggered 
apoptosis in glioblastoma cells.

Capacity of HDAC8 PROTAC (1) to Degrade HDAC8 in Glioblastoma Cells
To evaluate whether these effects are attributable to the HDAC8 degradation activity in the U-87 MG glioblastoma cell 
line, we conducted a Western blot analysis to assess the level of HDAC8 in cells treated with HDAC8 PROTAC (1) at 
varying concentrations or for different times. The results demonstrated that HDAC8 PROTAC (1) reduced the level of 
HDAC8 in U-87 MG cells in a time- and dose-dependent manner (Figures 9A–C), with a DC50 of 77.7 ± 24.12 nM 

Figure 7 HDAC8 PROTAC (1) induced apoptosis in U-87 MG cells. Representative flow cytometric dot plots of Annexin V-positive cells after 72-h treatment with (A) HDAC8 
PROTAC (1) at indicated concentrations and (B) after 72-h treatment with 10 μM of HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), and vorinostat for 72 h. To ensure 
consistency and enable direct comparison, the same flow cytometry image representing apoptosis induced by 10 μM HDAC8 PROTAC (1) is shown in both panels A and B. 
(C) percentage of apoptotic cells and (D) percentage of necrotic cells. Data are represented as the mean ± S.D. of five independent experiments. (*** p < 0.001).
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(Figure 9D). To confirm that HDAC8 PROTAC (1) mediated HDAC8 degradation, U-87 MG cells were treated with 
HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), or a combination of HDAC8i (2) and pomalidomide (3). As 

Figure 8 HDAC8 PROTAC (1) activated caspase3/7 in U-87 MG cells. (A) Graph showed fluorescence intensity representing the activation of caspase-3/7 in U-87 MG cells 
every 3 h until 72 h of treatment with HDAC8 PROTAC (1) at indicated concentrations. (B) Representative fluorescence images of activated caspase-3/7 after treatment 
with DMSO and HDAC8 PROTAC (1) at 10 μM every 6 h until 24 h of treatment. (C) Graph showed fluorescence intensity representing the activation of caspase-3/7 in 
U-87 MG cells every 3 h until 72 h of treatment with 10 μM of HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), and vorinostat. Data are represented as the mean ± S. 
D. of five independent experiments.
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shown in Figures 9E and F, HDAC8 PROTAC (1) effectively decreased the level of HDAC8 in U-87 MG cells, whereas 
neither HDAC8i (2) or pomalidomide (3) alone nor the combination of these compounds reduced the level of HDAC8. 
These results indicate that the observed HDAC8 degradation was mediated by HDAC8 PROTAC (1), and not by its 
individual structural components. In addition, this degradation activity may contribute to cytotoxic effect and antipro
liferative effect of HDAC8 PROTAC (1) in human glioblastoma cells.

HDAC8 PROTAC (1) Reduced Bcl-2 and Triggered ER Stress in Glioblastoma Cells
Since apoptosis is regulated by proteins from the Bcl-2 family, we next assessed the levels of pro-survival and pro- 
apoptotic Bcl-2 family proteins via Western blot analysis. As shown in Figure 10, treating glioblastoma cells with 
HDAC8 PROTAC (1) at 10 µM significantly decreased the levels of Bcl-2 and HDAC8 but had no effect on the level of 
Bax. Furthermore, the level of LC3, a key regulator of autophagy, was not affected. These results suggest that HDAC8 
PROTAC (1) induced apoptosis by downregulating Bcl-2 without affecting autophagy in glioblastoma cells.

The ER regulates protein folding and modification in cells, and disrupting the ER activates the unfolded protein 
response and triggers apoptosis. To determine whether ER stress also contributes to the apoptosis induced by HDAC8 
PROTAC (1), we examined the expression of ER stress sensors via Western blot analysis. As shown in Figure 11, the 

Figure 9 HDAC8 PROTAC (1) reduced level of HDAC8 in U-87 MG cells. (A) A representative Western blot detection of HDAC8 level in U-87 MG cells after treatment 
with HDAC8 PROTAC (1) at 10 µM for 0, 4, 8, 16, and 24 h. (B) A representative Western blot detection of HDAC8 level in U-87 MG cells after treatment with the 
HDAC8 PROTAC (1) at 0.001–10 µM for 24 h. (C) Optical density measurement of HDAC8 level compared to GAPDH level from Figure 9A. (D) A half-maximal 
degradation concentration (DC50) value was determined using a dose-response curve between HDAC8 PROTAC (1) concentration and the optical density of HDAC8 levels 
in blots. The DC50 value was the mean ± S.D. of five independent experiments. (E) A representative Western blot detection of HDAC8 levels in U-87 MG cells after 
treatment with HDAC8 PROTAC (1), the HDAC8i (2), pomalidomide (3), and the combination of the HDAC8i (2) with pomalidomide (3) (F) Optical density 
measurement of HDAC8 levels compared to GAPDH levels from Figure 9E. Data are represented as the mean ± S.D. of five independent experiments. (*** p < 0.001).
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levels of BiP and XBP1s, which are markers of ER stress and inositol-requiring enzyme 1 alpha (IRE1α) activation, 
respectively, were visibly increased following 72 h of treatment with HDAC8 PROTAC (1). Furthermore, the down
stream ER stress mediator CHOP was upregulated in cells treated with HDAC8 PROTAC (1). In contrast, cells treated 
with HDAC8i (2) or pomalidomide (3) did not exhibit any changes in their levels of XBP1s, BiP, and CHOP. These 

Figure 10 HDAC8 PROTAC (1) decreased the expression of Bcl-2, an anti-apoptotic protein, in U-87 MG cells. Representative Western blots and bar graphs of HDAC8, 
Bcl-2, Bax and LC3 compared to GAPDH after 72-h treatment with the HDAC8 PROTAC (1), HDAC8i (2), and pomalidomide (3) at 10 μM. Data are represented as the 
mean ± S.D. of five independent experiments. (*** p < 0.001).

Figure 11 HDAC8 PROTAC (1) increased the expression of XBP1s, BiP, and CHOP, protein-related to ER stress in U-87 MG cells. Representative Western blots and bar 
graphs of XBP1s, BiP, and CHOP after 72-h treatment with the HDAC8 PROTAC (1), HDAC8i (2), and pomalidomide (3) at 10 μM compared to GAPDH. Data are 
represented as the mean ± S.D. of five independent experiments. (** p < 0.01, *** p < 0.001).
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results indicate that HDAC8 PROTAC (1) activated the IRE1α/XBP1s-mediated ER stress pathway and increased the 
level of CHOP in glioblastoma cells.

HDAC8 PROTAC (1) Activated the JNK Pathway in Glioblastoma Cells
Since IRE1α promotes apoptosis by activating the intracellular MAPK signaling pathway, including JNK, we next 
examined the involvement of this pathway in ER stress–induced apoptosis mediated by HDAC8 PROTAC (1). To this 
end, we analyzed p-JNK and p-ERK via Western blotting (Figure 12). The results showed that the level of p-JNK/JNK 
was significantly higher following 24 h of treatment with HDAC8 PROTAC (1). In contrast, there was no difference in 
the level of p-ERK/ERK after treatment with HDAC8 PROTAC (1), HDAC8i (2), pomalidomide (3), or DMSO only. 
These results imply that HDAC8 PROTAC (1) activated the IRE1α/XBP1s-mediated ER stress pathway, leading to the 
activation of the JNK intracellular signaling pathway.

Figure 12 ER stress-induced apoptosis in U-87 MG cells caused by the HDAC8 PROTAC (1) through the activation of JNK. Representative Western blots and bar graphs of 
HDAC8, p-JNK/JNK, and p-ERK/ERK after 24-h treatment with the HDAC8 PROTAC (1), HDAC8i (2), and pomalidomide (3) at 10 μM. Data are represented as the mean 
± S.D. of five independent experiments. (*** p < 0.001).
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Discussion
In this study, HDAC8 PROTAC (1) exhibited higher cytotoxicity than the conventional HDAC8 inhibitor (2) and 
vorinostat in glioblastoma cells, an effect that was primarily mediated by the induction of ER stress-mediated apoptosis 
via the IRE1α/XBP1s–JNK–CHOP pathway (Figure 13). To the best of our knowledge, this is the first time that HDAC8 
PROTAC has demonstrated such activity. In addition, HDAC8 PROTAC (1) downregulated Cdk1, Cdk2, Cdk4, Cdk6, 
and cyclin B1, thereby effectively inhibiting cell proliferation and inducing S-phase arrest in glioblastoma cells. Notably, 
PHA were not susceptible to HDAC8 PROTAC (1), our results highlight its potential as a selective and targeted therapy 
for glioblastoma.

The finding that HDAC8 PROTAC (1) effectively reduced the level of HDAC8 is consistent with findings from other studies 
that have shown that HDAC8 PROTACs reduce HDAC8 levels in various malignant cells, including hematopoietic cancer18,25–27 

and solid tumor cancer cells.21–23,26,27 The HDAC8 degradation mediated by HDAC8 PROTAC (1) in glioblastoma cells was in 
nanomolar range which was comparable to the previously reported in Jurkat cells.18 Furthermore, HDAC8 PROTAC (1) mediated 
its cytotoxic effect in glioblastoma cells in the micromolar range, similar to the effects of other reported HDAC8 PROTACs in 
solid tumor cells. For example, HDAC8 PROTAC z16, developed by Zhao et al, has a cytotoxic effect in lung cancer cells (A549 
cells) and colon cancer cells (HCT116 cells), with IC50 values of 7.7 μM and 1.4 μM, respectively.27 In addition, HDAC8 
PROTAC SZUH280 is reportedly cytotoxic in lung cancer cells (A549 cells), with an IC50 of 9.55 μM.23

Interestingly, HDAC8 PROTAC (1) was found to be more potent in terms of its cytotoxicity and antiproliferative effects 
than vorinostat and HDAC8i (2) in U-87 MG cells. This finding suggests that the noncatalytic functions of HDAC8 are critical 
to glioblastoma progression, which aligns with previous studies that have shown that both the catalytic and noncatalytic 
functions of HDAC8 contribute to cancer development. For example, HDAC8 forms a complex with STAT3, a transcription 
repressor, to suppress the activity of the Bcl-2-modifying factor (Bmf) gene and interfere with HDAC1-triggered Bmf- 
mediated apoptosis in colon cancer.17 HDAC8 has also been shown to interact with enhancer of zeste homolog 2 protein, 
promoting insulin resistance and β-catenin activation in nonalcoholic fatty liver steatohepatitis–associated hepatocellular 
carcinoma progression.31 In triple-negative breast cancer (TNBC) cells, HDAC8 interacts with yin yang 1 promotes 
deacetylation of YY1 enabling YY1 to bind to the p53 promoter and enhance mutant p53 transcription, thereby contributing 
to oncogenic process in TNBC.32 In addition, HDAC8 cooperates with the mothers against decapentaplegic homolog 3/4 

Figure 13 Proposed mechanism of HDAC8 PROTAC (1) in U-87 MG glioblastoma cells. HDAC8 degradation mediated by HDAC8 PROTAC (1) selectively caused 
cytotoxic toward glioblastoma cells and inhibited glioblastoma cell growth by reducing Cdk1, Cdk2, Cdk4, Cdk6, and cyclin B1 leading to S-phase arrest in glioblastoma cells. 
In addition, the HDAC8 PROTAC (1) also activates IRE1α observed by increasing of BiP and XBP1s level. Then, the activated IRE1α/XBP1s signal activates JNK as shown by 
the increase of phosphorylated JNK. Next, phosphorylated JNK induces CHOP which downregulates Bcl-2 protein leading to apoptosis in U87-MG cells. Downward red 
arrow refers to downregulate of protein level, while upward red arrow refers to upregulate of protein level. This figure was created in BioRender. Chotitumnavee, (J) (2025) 
https://BioRender.com/j5c7j5q.
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complex to suppress sirtuin7 and promote cell survival and migration in breast cancer cells.33 In glioblastoma cells, HDAC8 
interacts with ADRM1 to regulate the O-6-methylguanine-DNA methyltransferase (MGMT) DNA repair protein and relates 
to TMZ resistance.14 This is the first report of HDAC8 potentially demonstrating noncatalytic function in glioblastoma cell 
survival, and further studies are required to validate this finding and elucidate the molecular mechanisms underlying the 
potential noncatalytic functions of HDAC8 in glioblastoma progression. Given that our findings indicate that both the catalytic 
and noncatalytic functions of HDAC8 are important for glioblastoma progression, HDAC8 PROTAC offers a therapeutic 
advantage over conventional HDAC8is.

Our HDAC8 PROTAC (1) modulated the levels of Cdks and cyclin B1, induced S-phase arrest, and reduced 
proliferation in glioblastoma cells. S-phase arrest is often triggered by DNA damage.34,35 During DNA damage, the 
p53 protein is activated, leading to the expression of the cyclin-dependent kinase inhibitor 1A (p21) protein. The p21 
protein subsequently inhibits Cdks-cyclin complex and induces cell cycle arrest.36 Previous studies have shown that p53 
is a substrate of HDAC8.37 In acute myeloid leukemia, HDAC8 forms an aberrant complex with core binding factor β- 
smooth muscle myosin heavy chain and deacetylates p53, resulting in the inactivation of p53.38 Therefore, our observed 
S-phase arrest may result from two mechanisms: the loss of Cdk2, Cdk1, and cyclin B1, which are essential for S-phase 
progression and completion, as well as G2/M phase initiation, and the disruption of HDAC8 function, which may restore 
p53 activity and p21-mediated cell cycle arrest.

Treating glioblastoma cells with HDAC8 PROTAC (1) was also found to induce apoptosis. Bcl-2 family members 
regulate mitochondrial membrane permeability and play key roles in both intrinsic and extrinsic apoptotic pathways.39–41 

In this study, treating cells with HDAC8 PROTAC (1) significantly reduced Bcl-2, while the level of LC3, a key 
autophagy marker, was not affected, suggesting that apoptosis rather than autophagy was induced. Notably, ER stress is 
triggered by protein misfolding and IRE1α activation.42 IRE1α activation initiates apoptosis via apoptosis signal- 
regulating kinase 1-mediated activation of JNK43 and XBP1s-mediated activation of CHOP.44 Our results show that 
HDAC8 PROTAC activated JNK phosphorylation and increased the level of CHOP, which subsequently suppressed Bcl- 
2 expression and induced apoptosis in glioblastoma cells. Thus, it is likely that HDAC8 PROTAC (1) induces ER stress- 
mediated apoptosis in glioblastoma cells via the IRE1α/XBP1s–JNK–CHOP pathway as proposed in Figure 13.

Systemic toxicity due to off-target degradation in normal cells is a critical concern in the development of PROTAC- 
based therapeutic strategies.45,46 MGMT is a crucial enzyme for DNA repair and survival of glioblastoma cells.47 

Previous study reported that dissociation of HDAC8-ADRM1 complex in U-87 MG cells, resulting in downregulation of 
MGMT triggering DNA damage and apoptosis in glioblastoma cells.14 Consistent with our finding, the loss of HDAC8 
mediated by HDAC8 PROTAC (1) exhibited potent cytotoxicity effect against glioblastoma cells, while caused minimal 
toxicity toward the PHA. Taken together, this cytotoxic selectivity of HDAC8 PROTAC (1) might be attributed to its 
targeted degradation of HDAC8, which we demonstrated in an earlier study.18

Vorinostat, the first pan-HDACi to enter clinical trials, has demonstrated therapeutic benefits as both a monotherapy10 

and in combination with standard treatment regimens.11 However, it is associated with substantial thrombocytopenia due 
to its nonselective inhibition of HDACs, particularly HDAC1 and HDAC2, which are essential for erythrocyte– 
megakaryocyte differentiation. Inactivation of HDAC1 and HDAC2 has induced thrombocytopenia and megakaryocyte 
apoptosis in other models.48 Additionally, HDAC6 inhibition has been associated with impaired proplatelet formation 
and, consequently, thrombocytopenia.49 Therefore, further studies are warranted to assess the effects of HDAC8 
PROTAC on hematological cells and to determine its safety profile.

In this study, we investigated the pharmacological effects of our previously reported HDAC8 PROTAC (1) in glioblastoma 
cells. These results support HDAC8 PROTAC (1) as a promising therapeutic candidate for the treatment of glioblastoma. 
Although high-molecular-weight compounds, including PROTACs, generally show limited brain penetration, a brain- 
penetrant PROTAC is currently under clinical investigation. It is of interest whether the HDAC8-targeting PROTAC can 
cross the blood-brain barrier. However, our current studies are based solely on in vitro experiments. Further in vivo studies, 
including evaluations of potency, pharmacokinetics, brain penetration, and toxicities, are necessary to assess the therapeutic 
potential of HDAC8 PROTAC (1) and support its progression to clinical development.
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Conclusion
Degradation of HDAC8 induced by HDAC8 PROTAC (1) caused potent and selective antiproliferative and cytotoxicity effect 
toward human glioblastoma cells by modulating the levels of Cdks and cyclins, suppressing proteins that regulate the cell 
cycle, and inducing S-phase arrest. It was also found to activate the IRE1α/XBP1s–JNK–CHOP pathway, downregulate Bcl-2, 
and induce ER stress-mediated apoptosis in human glioblastoma cells. Notably, HDAC8 PROTAC (1) exhibited greater 
selective cytotoxicity against cancer cells than primary human astrocytes. This limited toxicity of the HDAC8 PROTAC (1) in 
PHA suggested its safety and highlighted the potential of the HDAC8 PROTAC (1) for the treatment of glioblastoma.
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