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Abstract

Background
Radioresistance remains a major cause of glioma recurrence, highlighting the need for therapeutically
actionable radiosensitizing targets. Kinesin family member 18A (KIF18A), a mitotic motor protein
essential for the survival of chromosomally unstable tumor cells, has emerged as a promising
therapeutic target. However, its role and underlying mechanisms in regulating glioma radiosensitivity
remain poorly understood. This study aims to evaluate the therapeutic potential and mechanisms of
KIF18A inhibition combined with radiotherapy in glioma.

Methods
Integrated analyses of the Chinese Glioma Genome Atlas, The Cancer Genome Atlas and two public
CRISPR/Cas9 screening platforms were performed to identify regulators of glioma radiosensitivity.
KIF18A was genetically depleted using shRNA and pharmacologically inhibited with sovilnesib, a
selective KIF18A inhibitor. Radiosensitizing effects were evaluated in glioma cell lines, patient-derived
glioma stem cells, glioma organoids, and intracranial U251 and U87 xenograft models. To investigate the
mechanism, Bulk RNA sequencing, STING inhibition with H151, and STING1 silencing were employed. An
immunocompetent GL261 syngeneic glioma model was used to assess antitumor immune responses.

Results
KIF18A was identified as a novel regulator of glioma radiosensitivity, with elevated expression
associated with poor survival among patients receiving radiotherapy. KIF18A knockdown enhanced
radiosensitivity in U251, U87, and GL261 cells. Consistently, KIF18A knockdown combined with
radiotherapy prolonged survival in U251 and U87 xenograft models. Moreover, the KIF18A inhibitor
sovilnesib combined with irradiation suppressed proliferation of glioma cell lines and patient-derived
primary and recurrent glioma cell lines. In patient-derived glioma organoids, combination treatment
increased γH2AX-positive cells and decreased Ki-67-positive cells. It also significantly prolonged survival
in U251 orthotopic models. Mechanistically, KIF18A inhibition increased radiation-induced micronuclei
formation, leading to cytosolic double-stranded DNA accumulation and subsequent cGAS–STING
pathway activation. This activation was accompanied by elevated cleaved caspase-3 levels and
increased secretion of inflammatory mediators (TNF, CXCL3, and CXCL8). STING inhibition with H-151 or
STING1 silencing attenuated the radiosensitizing effects. Notably, in immunocompetent GL261 models,
combination treatment increased CD8+ T-cell infiltration and promoted M1-like macrophage polarization.

Conclusion
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KIF18A inhibition enhances glioma radiosensitivity by increasing DNA damage and activating cGAS–
STING signaling. These findings highlight sovilnesib as a promising radiosensitizer for glioma.

Introduction
Glioma is the most lethal primary intracranial tumor, with a 5-year survival rate below 6%. Radiotherapy
(50–60 Gy) combined with temozolomide following surgical resection constitutes the current standard
of care[1, 2]. Despite intensive treatment, recurrence driven by radio-resistant tumor clones remains
almost unavoidable[3, 4]. Radio-resistance arises from multiple factors, including genetic heterogeneity,
altered genome stability, an immunosuppressive microenvironment, and the persistence of cancer stem
cells[5].

Kinesin family member 18A (KIF18A), a kinesin-8 motor protein, plays a crucial role in mitotic
chromosome dynamics[6]. Localized on spindle microtubules, KIF18A uses ATP hydrolysis in its motor
domain to move toward microtubule (MT) plus ends, facilitating chromosome alignment at the
metaphase plate and ensuring accurate sister-chromatid separation[7–9]. Increasing evidence shows
that overexpression of KIF18A has been reported in multiple malignancies-including hepatocellular
carcinoma[10], prostate cancer[11], breast cancer[12], lung adenocarcinoma[13] and glioma[14, 15], as
tumor cells harboring high levels of chromosomal instability (CIN) strongly depend on KIF18A for faithful
mitotic progression[16–19]. Given that radiotherapy is a major inducer of CIN[20, 21], KIF18A may play
an important role in regulating tumor responses to irradiation. However, whether and how KIF18A
regulates radiosensitivity in glioma remains unknown.

Reflecting the essential function of KIF18A, several small-molecule KIF18A inhibitors have been
developed, and three inhibitors—Sovilnesib (NCT04293094), VLS-1488 (NCT05902988), and GH2616
(NCT06329206)—have entered phase Ib clinical testing[15, 22]. Pharmacological or genetic inhibition of
KIF18A disrupts mitotic fidelity and promotes micronucleus (MN) formation in CIN tumor cells. Rupture
of MN results in cytosolic dsDNA accumulation, thereby activating the cyclic GMP-AMP synthase-
stimulator of interferon genes (cGAS-STING) pathway[23]. Therefore, considering that radiation itself is a
potent inducer of CIN[21], we hypothesized that KIF18A inhibition synergizes with radiotherapy to
augment the cGAS–STING activation.

In this study, we integrated data from TCGA, CGGA and two public CRISPR/Cas9 screening databases to
investigate the association between KIF18A expression and glioma radio-resistance. Using patient-
derived organoids and intracranial xenograft and allograft models, we further confirmed that
suppressing KIF18A enhances the therapeutic response to radiotherapy.

Methods

Patient samples and cell culture
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A cohort consisting of seven GBM samples with matched adjacent tissues and nineteen recurrent GBMs
with paired primary tumors was collected from Xiangya Hospital, Central South University. All patients
provided informed consent, and sample collection was approved by the Medical Ethics Committee of
Central South University. Patient-derived GBM cell lines (GBM001, GBM005, GBM014, GBM017,
GBM017R, GBM018, GBM040, GBM044) were established at Xiangya Hospital. Standard glioblastoma
cell lines (U251, U87, U118, A172, LN229, GL261) and HEK293T cells were obtained from the Cancer
Research Institute of Central South University. Patient-derived GBM cells were maintained in Neurocult
NS-A basal medium (Stemcell Technologies, #05750) supplemented with 2 mM L-glutamine (Wisent,
#609-065-EL), 75 µg/ml BSA (Life Technologies, #15260-037), B27 supplement without vitamin A (Gibco,
#12587010), N2 supplement (Gibco, #17502048), 10 ng/ml rhEGF (Sigma-Aldrich, #E9644), 10 ng/ml
bFGF (PeproTech, #100-18B), and 2 µg/ml heparin (Sigma-Aldrich, #H3149) [24]. Standard GBM cell lines
and HEK293T cells were cultured in DMEM (Bio-Channel, #BC-M-005) containing 10% FBS (Pricella,
#164210-50).

Generation of glioblastoma organoids (GBO)
GBOs were generated following previously described protocols[25, 26]. Six patient samples were
processed in total. Under a stereomicroscope, tissues were cut into 0.2–0.5 mm fragments using
microsurgical scissors (Anikas, Taobao). The fragments were transferred to ultra–low attachment six-
well plates (Biofil, #TCP030006) containing 4 ml GBO medium composed of 50% Neurobasal medium
(Thermo, #21103049) and 50% DMEM/F12 (Gibco, #C11330500BT), supplemented with MEM-NEAAs
(Thermo, #11140050), GlutaMAX (Thermo, #35050061), N2, B27, human insulin (MCE, #HY-P0035), 2-
mercaptoethanol (Thermo, #21985023), and 1% Pen-Strep (Thermo, #15070063). Cultures were
maintained on an orbital shaker at 120 rpm. After 1–2 weeks, spherical and healthy GBOs were selected
and randomly assigned to three groups: DMSO, DMSO_IR, and sovilnesib_IR. Organoids were treated with
5 µM sovilnesib for 3 days, followed by 2 Gy irradiation, and were harvested 24 hours after treatment.

Immunofluorescence staining
Cells grown on coverslips were fixed by precooled 4% PFA for 15 min. GBOs were harvested, fixed in
precooled 4%PFA, and then dehydrated in 30% sucrose solution for 24 hours. They were later embedded
in OCT and cut into 5-µm cryo-sections. Sections were then permeabilized by 0.1% Triton-X 100 in DPBS
for 20 min, and blocked by 5% BSA for 1 hour. The cells were incubated with primary antibody overnight
at 4 ℃, secondary antibody at dark RT for 1 hour, and DAPI for 5 min. Each step was followed by three
washes in DPBS (3 min each). All antibodies were diluted by 1% BSA and 0.1% Triton-X 100 in DPBS.
Images were observed by ZEISS LSM 900 confocal microscope. The antibodies used were: rabbit anti-
KIF18A (Bethyl #A301-080A, 1:200), rabbit anti-γH2AX (Cell signaling technology #9718S, 1:500), mouse
anti-Ki67 (Cell signaling technology #9449S, 1:1,000), mouse anti-Lamin A/C (Cell signaling technology
#4777S, 1:200), mouse anti-dsDNA (Santa #HYB331-01, 1:100), rabbit anti-STING (Proteintech #19851-
1-AP, 1:100), rabbit anti-cGAS (CST #79978, 1:200), rabbit anti-Tom20 (CST #79978, 1:200), rabbit anti-
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γH2AX (1:500), mouse anti-Ki67 (1:500), conjugated to Alexa Fluor 488 and 555 (Invitrogen #A32766;
#A32794, 1:1,000).

Immunohistochemistry
Patient and animal samples were fixed in 4% PFA for 24 hours, paraffin embedded and cut into 5 µm
sections. After heating, deparaffinization, and hydration, the antigen was repaired using 10 nM citrate
buffer at 95 ℃ for 15 min. 10% donkey serum was blocked for 30 min. The rabbit anti-KIF18A primary
antibody (1:200), CD3 (ab237721, 1:1000) and CD8 (ab209775, 1:1000) were incubated at 4 ℃ for 12
hours, secondary antibody was incubated at room temperature (RT) for 20 min, and DAB was used for 5
min. All histological and immunohistochemical sections were reviewed by a pathologist to assess tissue
morphology and potential treatment-associated toxicological changes.

Western Blotting
Western Blotting
Total protein was extracted with RIPA lysis solution (Beyotime) and 1% DMSF (Beyotime). Lysates were
placed on ice for 30 min, sonicated, and then centrifuged at 13,300 rpm for 15 min at 4 ℃. 15µg-30µg
protein samples per well were separated by 10%-12% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) at 120V for 90min, then transferred to 0.22 µm PVDF membranes at 300 V for 50 min and blocked
with 5% BSA and 0.1% Tween-20 in PBS. Finally, the membranes were incubated with primary antibody,
secondary antibody and ECL buffer. The images were observed by Bio-Rad Chemidoc imaging system.
Three biological replicates were performed for each quantitative data. The antibodies used were: rabbit
anti-KIF18A (1:5,000), rabbit anti-γH2AX (1:1,000), Mouse anti-GAPDH (ABclonal #AC033, 1:10,000),
rabbit anti-Rad51 (CST #8875S, 1:200), HRP-conjugated goat anti-rabbit (servicebio # gb23303, 1:5,000),
and HRP-conjugated goat anti-mouse (servicebio # gb23301, 1:10,000).

Multiplex immunohistochemistry
Paraffin-embedded tissue sections were deparaffinized and rehydrated. Then heat-induced epitope
retrieval was performed, followed by blocking with 3% hydrogen peroxide solution for 25 min and 10%
rabbit serum or 3% BSA for 30 min. Finally, we used a multiplex immunohistochemistry (mIHC) kit (TSA
kit AAT bio) to stain Iba1 (abcam, #ab178846, 1:8000), iNOS (boster, #BA0362, 1:200), and Cd206 (CST,
#24595, 1:2000) in tissue sections. Briefly, after incubating the first primary antibody at 4°C overnight,
the slide was incubated with the corresponding HRP labeled secondary antibody at room temperature
for 50 min, and then incubated with the corresponding type of TSA working solution at room temperature
for another 10 min. Subsequently, the sections were subjected to antigen retrieval again to prepare the
next round of staining. Lastly, DAPI was used to mark the nucleus, and we used an OLYMPUS
microscope for multispectral slice analysis under the appropriate fluorescent filters.
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Real-time quantitative PCR
Total RNA was extracted using FlashPure Total RNA Mini Kit (GeneBetter), and then reversed transcribed
into cDNA using the cDNA Synthesis Kit (Trans-Gen). Real-time quantitative PCR was performed using
BRYT Green qPCR master Mix (Promega). Specific primers were: KIF18A (forward:
CAAACTGCCGAACAACCAAAGC, reverse: TTCCACCTGAAGATGAGCAACAAG); GAPDH (forward:
CTCCTGCACCACCAACTGCT, reverse: GGGCCATCCACAGTCTTCTG); Kif18a (forward:
CGAGAAGGAATCAGGCAAGAGTATC, reverse: ATCTCTATCTGTTTATGGCACTGTTGG); Gapdh (forward:
CATGGCCTTCCGTGTTCCTA, reverse: CCTGCTTCACCACCTTCTTGAT). RNA abundance was calculated
using the 2-ΔΔCT method.

Lentivirus shRNA transfection and siRNA transfection
KIF18A knockdown was achieved using pLKO.1-based shRNA lentiviral vectors. HEK293T cells were co-
transfected with the shRNA plasmid, PAX2, and PDM2.G packaging plasmids at a ratio of 4:3:1 using
standard transfection procedures. The supernatant was harvested for 72 hours and centrifuged to obtain
Lentiviruses. KIF18A overexpressing Lentiviruses were bought from Shanghai Genechem (#GV492).
Lentiviruses were transfected into cells in antibiotic-free medium for 72 hours and Puromycin selection
followed for 3 days. STING1 siRNA was transfected into cells using Lipofectamine 3000 for 8 h, followed
by replacement with fresh complete culture medium. Human KIF18A shRNA antisense sequences are:
#1: AAGAGAATCCTTTAACAAGCG, #2: TTGTGCCTTCTACAAATCGGG, scramble shRNA antisense is
ACGCGTGCATACCTGCGG. Mouse Kif18a shRNA antisense sequence is: #2:
GATGCTGTCTTTGATGAAACT, scramble shRNA antisense is TTCTCCGAACGTGTCACGT. STING1 siRNA
antisense sequence is: CAUAGAUGCUGUUGCUGUAAACCCG, Negative control antisense sequence is:
ACGUGACACGUUCGGAGAA.

Cell counting kit-8 (CCK8) for radiation survival fraction
500 cells per well were seeded. On day 2, inhibitor sovilnesib with IC50 concentration was added, and on

the 3rd day, 6 Gy radiation was performed. Subsequently, the absorbance (OD value) at 450 nm was
measured using Molecular Devices SpectraMax ABS Plus on days 0, 1, 2, 3, 4 after radiotherapy. 10 µL of
CCK-8 reagent (MeilunBio, #MA0218) was added to each well and placed in the incubator for 2 hours.
The cell surviving fraction was determined by normalizing the OD value of the radiotherapy group to day
0 and comparing it to the non-radiotherapy group.

Clone for radiation survival fraction
1000 cells/well were seeded in 6-well plates for 24 hours after treating with 0, 3, 6, 9 Gy radiation. After
culturing for 14 days, cells were fixed with 4% PFA for 30 min, stained with 0.1% crystal violet for 30 min,
and washed with running water. The survival fraction was determined by normalizing the colony
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formation of irradiated cells to the number of seeded cells and comparing it to the non-irradiated group.
The dose enhancement rations (DERs) was calculated at the survival fraction of 50%.

Xenograft, radiation therapy and sovilnesib administration
Glioma Cells with luciferase were transfected with the sh-lentivirus and selected by puromycin for 3
days. 250,000 U251 or U87 cells in 5 µL were orthotopically injected into 6-week-old female BALB/c-
Nude mice from GemPharmatech. 10,000 GL261 cells were orthotopically injected into 6-week-old
female C57BL/6J mice. The injection location was 2 mm behind the bregma, 1 mm at right lateral side
and 2.5 mm depth. After alcohol iodine disinfection, the skin was bonded with tissue glue. When the
tumor volume was detected to be appropriate by bioluminescence, the mice were randomly divided into
control, control_radiation, shKIF18A and shKIF18A_radiation groups. Mice in the radiation group were
treated with 3 Gy irradiation for 3 days. Sovilnesib was dissolved in a vehicle consisting of 5% DMSO,
40% PFG300, 5% Tween-80, and 50% PBS, and administered intraperitoneally at 30 mg/kg.

Bioinformatics

Datasets and data processing
The glioma RNA-seq date and clinical information were downloaded from the Chinese Glioma Genomic
Atlas (CGGA, http://www.cgga.org.cn/), the Clinical Proteomic Tumor Analysis Consortium (CPTAC,
https://proteomics.cancer.gov/programs/cptac), the Cancer Genome Atlas (TCGA, https://tcga-
data.nci.nih.gov/) and the Gene Expression Omnibus databases (GEO,
https://www.ncbi.nlm.nih.gov/gds/). The genome-wide CRISPR-Cas9 screening data of glioma was
acquired from the Depmap (https://depmap.org/portal/download/)[27] and the work of Zhu. et al.[28]. In
addition, a single cell RNA-seq dataset (EGAS00001005300) [29] and other glioma cohorts’ transcript
dataset (GSE4290, GSE16011, GSE35493, GSE43378) were collected. The parameters in the single-cell
analysis were consistent with those published in the references[29]. For the GEO microarray datasets,
data preprocessing was carried out with R package affy (version 1.72.0).

Investigating the association between KIF18A and
radiosensitivity in Gliomas
We initially compiled a comprehensive list of 16565 protein-coding genes. Subsequently, we utilized the
RNA-seq data from the Chinese Glioma Genome Atlas (CGGA) to enroll primary gliomas that had
undergone radiotherapy alone, in order to identify potential factors associated with radiosensitivity. We
stratified the cohort into radiotherapy-resistant gliomas and radiotherapy-sensitive gliomas based on the
median time of overall survival. We defined patients with survival longer than the median survival as the
sensitive group. We utilized the R package limma (version 3.48.0) to identify differentially expressed
genes between the two groups, with a significance threshold of adjusted P < 0.05 and logFC > 0.
Subsequently, univariate Cox regression analysis was conducted to determine the targets that were
negatively correlated with survival outcomes, using criteria of adjusted P < 0.05 and HR > 1. A
comprehensive whole-genome CRISPR screening approach was employed to identify the mediators
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conferring irradiation resistance in glioma, specifically utilizing the U251 cell line. Subsequently, we
generated a panel of irradiation resistance mediators by intersecting the genes exhibiting the top 10%
sgRNA abundance with those genes demonstrating sgRNA diversity greater than 3 within U251 cells. We
calculated the CERES scores of approximately 17,000 genes in DepMap datasets to investigate gene
dependency. Candidate genes were defined as essential genes with a CERES score less than − 1 across
75% of glioma or glioblastoma cell lines. Through these methods, we ultimately determined that KIF18A
is a key factor that can worsen the prognosis of glioma patients and facilitates radiotherapy resistance.

Bulk RNA sequencing analysis
Raw sequencing data derived from U251 cell line were mapped to hg38 reference genomes respectively
by using HISAT2 toolkit (version 2.2.1). We used R package DESeq2 (version 1.32.0) to detect
differentially expressed genes between control and treated U251. Differentially expressed genes with
adjusted P-value < 0.05 and |log2(fold change) | > 0.5 were accepted as significant. And these genes
were sorted by log2(fold change) as input to the GSEA algorithm in R package clusterProfiler (version
4.7.1) for GO and KEGG enrichment analysis. NES > 0 means up-regulated biological processes in treated
U251, while NES < 0 means down-regulated biological processes in treated U251.

Data statistics analysis
All experiments were performed with at least three independent biological replicates. Two-groups
samples were compared using the two-tailed student’s t test. Multi-group samples were analyzed using
One-Way ANOVA analyses. Survival differences were assessed by applying the Log-rank test. P-values
less than 0.05 were considered statistically significant. All Statistical analyses and graphs were
generated with GraphPad Prism (version 10.0) and R software (version 4.1.3).

Results
Overexpression of KIF18A in glioma predicts poor radiotherapy prognosis

To identify genes associated with poor prognosis in glioma patients who received radiotherapy, we
analyzed transcriptomic and clinical data from the CGGA.326 and CGGA.693 cohorts. A total of 5802
differentially expressed genes were identified between radio-sensitive and radio-resistant patients,
among which 683 genes showed a negative association with survival. These candidates were
subsequently filtered by Genome-scale CRISPR/Cas9 gain-of-function screening for radiation resistance,
followed by validation through loss-of-function screening. As a result, KIF18A emerged as a key gene
required for glioma cell survival under radiotherapeutic stress (Fig. 1A, Supplementary Table 1).

Consistent findings across multiple large cohorts showed that KIF18A expression was elevated in glioma
compared with normal brain tissue, and increased progressively with WHO tumor grade (Fig. 1B, C,
Supplementary Fig. 1A, B). Both mRNA and protein levels of KIF18A were markedly higher in glioma
tissues relative to adjacent non-tumor brain from the same patients (Fig. 1C-E). In addition, single-cell
transcriptomic profiling revealed that proliferating stem-cell-like populations and G2/M-phase tumor
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cells express high levels of KIF18A (Fig. 1F, supplementary Fig. 1C), supporting its association with
malignant progression.

Through analyzing the CGGA and TCGA databases, we found that recurrent and secondary gliomas
previously treated with radiotherapy displayed higher KIF18A expression than primary gliomas (Fig. 1G).
This trend was validated at the protein level using matched samples, where recurrent gliomas (n = 19)
exhibited an increase in KIF18A expression compared with primary gliomas (p < 0.05) (Fig. 1H).
Furthermore, Kaplan-Meier analysis across multiple cohorts showed that high KIF18A expression was
associated with significantly shorter overall survival in radiotherapy-treated patients (p < 0.01) (Fig. 1I). In
contrast, no significant survival difference was observed in patients treated with temozolomide alone
(Supplementary Fig. 1D), highlighting potential role of KIF18A in radioresistance. Because glioma
prognosis is strongly influenced by histopathological subtype and tumor grade, we further stratified the
patient cohorts according to pathological classification. High KIF18A expression was associated with
poor treatment outcomes in astrocytoma, whereas its prognostic significance was less evident in
glioblastoma, possibly due to the limited sample size. Nevertheless, in glioblastoma patients receiving
combined radiotherapy and chemotherapy, high KIF18A expression showed a trend toward poorer
prognosis (Supplementary Fig. 2A, B). Further multivariate Cox regression analysis indicated that KIF18A
may serve as a potential risk factor, although the association did not reach statistical significance (p > 
0.05) (Supplementary Fig. 1E). Taken together, our findings indicate that upregulation of KIF18A is
associated with higher pathological grade and predicts poor prognosis in glioma patients following
radiotherapy.

Knockdown of KIF18A increases the radiation sensitivity of glioma cells in vitro

To study the role of KIF18A in glioma radiotherapy, glioma cell lines U251, U87 and GL261 were exposed
to ionizing radiation. KIF18A expression increased at 12 and 24 hours post-irradiation (Fig. 2A-B). We
then generated KIF18A-knockdown cells (Fig. 2C, Supplementary Fig. 3A). CCK-8 assays showed that
loss of KIF18A significantly enhanced the time-course radiation sensitivity (p < 0.0001) (Fig. 2D).
Similarly, clone formation assays showed a marked increase in dose-dependent radiosensitivity (p < 
0.01) following KIF18A depletion (Fig. 2E, F). Conversely, overexpression of KIF18A significantly
increased the radioresistance in U251 and U87 cells (Supplementary Fig. 3B-D).

Knockdown of KIF18A improves the therapeutic response to radiotherapy in glioma xenograft models

To determine whether KIF18A knockdown improves radiotherapy efficacy in vivo, we established
intracranial glioma models. Detailed radiotherapy and bioluminescence steps are shown in Fig. 3A. The
shKIF18A_IR group displayed the lowest fluorescence volume, showing a rapid decline following
irradiation (Fig. 3B-E). Notably, the combination of shKIF18A and radiotherapy contributed to the greatest
survival benefit. In U87 tumor-bearing mice, the median survival of the shKIF18A_IR group was extended
by 10.4% compared with the radiotherapy-alone group (p < 0.05) (Fig. 3F). In U251 tumor-bearing mice,
KIF18A knockdown yielded an even greater improvement, prolonging median survival by 23.8% relative
to the radiotherapy-alone group (p < 0.05) (Fig. 3G). Consistently, H&E staining showed that mice
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receiving the combination treatment developed the smallest tumor burden (Fig. 3H-I). Collectively, these
results revealed KIF18A knockdown significantly sensitizes glioma cells to radiotherapy both in vitro and
in vivo.

The KIF18A inhibitor sovilnesib sensitizes glioma cells and
patient-derived organoids to radiotherapy
Sovilnesib (AMG650) is a KIF18A-targeting inhibitor that binds the motor α4 and α6 helices within the
kinesin motor domain of KIF18A and is currently in Phase � clinical trials for ovarian and breast cancer
(NCT04293094)[30]. However, its therapeutic potential in glioma has not been previously examined. To
assess it efficacy, we first evaluated the drug response of six standard glioma cell lines and eight
patient-derived glioma stem cell lines. Under 2 Gy irradiation, sovilnesib exhibited a concentration-
dependent growth inhibition across all tested cell lines, with most IC50 values falling below 5 µM. U251,
GBM001, GBM017R, and GBM018 cells exhibited the highest sensitivity, with IC50 values of
approximately 1 µM (Fig. 4A, Supplementary Table 3). CCK-8 and clone formation assays showed that
sovilnesib suppressed cell proliferation and significantly increased radiosensitivity (p < 0.05) (Fig. 4B, C).
The dose enhancement rations (DERs) of U251, U87, and GL261 cells were 2.34, 2.67 and 1.12,
respectively (Fig. 4C).

Glioblastoma (GBM) organoids, which recapitulate key structural and microenvironmental properties of
tumors, provide a valuable platform for drug evaluation[31, 32]. To investigate whether sovilnesib exerts
similar radiosensitizing effect in patient’s tumor, we generated 6 GBM organoids (characterization shown
in Supplementary Fig. 4). Organoids were treated for three days with radiation alone or sovilnesib plus
radiation (Fig. 4D). Immunofluorescence staining revealed a progressive reduction in Ki-67 levels from
untreated to combination-treated group, whereas γH2AX levels increased accordingly, indicating
enhanced DNA damage in the presence of sovilnesib (Fig. 4E).

Sovilnesib prolongs the median survival of glioma
xenograft models
To further evaluate the therapeutic efficacy of sovilnesib in vivo, we administered sovilnesib in
intracranial glioma xenograft models (Fig. 5A). Mice receiving the combination of sovilnesib and
radiotherapy exhibited the lowest bioluminescence signal (Fig. 5B, C) and showed a significant survival
benefit (p < 0.05) (Fig. 5D). Consistently, tumor burden in the combination group was the lowest (Fig. 5E).
Importantly, H&E staining of major organs and cleaved caspase-3 immunohistochemistry of brain
tissues showed no detectable toxicity associated with sovilnesib administration (Fig. 5F). Together,
these findings demonstrate that pharmacological inhibition of KIF18A by sovilnesib robustly enhances
the therapeutic response to radiotherapy.

KIF18A inhibition increases DNA damage and enhances
activation of the cGAS-STING pathway
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A key cytotoxic effect of radiotherapy is the induction of DNA double strand breaks (DSBs), which
promote cell death [33, 34]. Silencing KIF18A markedly increased γH2AX foci 24 hours after irradiation
(p < 0.001) (Fig. 6A–B), which was further supported by Western blotting showing increased γH2AX
levels (Fig. 6C, Supplementary Fig. 5A). RAD51, a key mediator of homologous recombination repair of
DNA double-strand breaks, was not significantly altered (Supplementary Fig. 5B). Based on this result,
we performed Bulk RNA-sequencing 24 hours after irradiation (Fig. 6D). Principal component analysis
(PCA) showed distinct transcriptional profiles (Fig. 6E). Comparative analysis using KEGG enrichment
demonstrated significant upregulation of the cytosolic DNA-sensing pathway, including the cGAS–STING
axis, in both shKIF18A versus scr.shRNA and shKIF18A_IR versus scr.shRNA_IR comparisons (Fig. 6F,
Supplementary Table 2). Immune-related pathways were also enriched, including viral protein–cytokine
interactions, TNF signaling, RIG-I–like receptor signaling, and chemokine signaling. Gene Ontology
analysis similarly showed activation of innate immune responses, T-cell activation, and cell-killing
processes (Fig. 6F). In the heatmap, we observed that the cGAS-STING pathway downstream genes,
including IKBKB and IRF, and apoptosis genes, including BAK1, CASP3 and CASP9, were upregulated. In
contrast, the cGAS–STING inhibitor ENPP1 and the anti-apoptotic gene BCL2 were downregulated
(Fig. 6G). RT-qPCR further confirmed increased expression of IRF3 and multiple inflammatory cytokines,
including IFNB1, IL-6, TNF, CXCL3, and CXCL8 (Fig. 6H; Supplementary Fig. 5C).

KIF18A inhibition induces micronucleus formation to
accelerate cGAS-STING pathway activation
To investigate the mechanism underlying the activation of the cGAS–STING pathway, we retrieved
human KIF18A protein–protein interaction partners from the STRING database and performed functional
enrichment analysis. Several interacting proteins, including CENPE, KIF11, KIF2C, CDC20, PLK1, AURKB,
and TTK, were identified as spindle-associated motor proteins. Enrichment analysis further showed that
these proteins were primarily associated with biological processes related to cell cycle regulation,
spindle organization, and chromosome segregation (Supplementary Fig. 5D). Given that KIF18A
deficiency disrupts chromosome segregation and that micronuclei are huge reservoirs of dsDNA
capable of activating the cGAS-STING pathway[35–37], we next examined micronuclei formation by
immunofluorescence. The combinational treatment produced more micronuclei than irradiation alone.
We also observed lagging micronuclei between daughter nuclei in the combination group (Fig. 7A-B).
Furthermore, combined treatment increased the number of cGAS foci, a hallmark of cGAS activation (p < 
0.05), suggesting micronuclear rupture and exposure of dsDNA to the cytoplasm (Supplementary
Fig. 6A). STING fluorescence intensity increased, and the number of cytosolic dsDNA foci rose
significantly in the combination group (p < 0.05) (Fig. 7C–D). Notably, the dsDNA signal did not
colocalize with the mitochondrial marker Tom20, suggesting that the cytosolic dsDNA was unlikely to be
primarily derived from mitochondria (Supplementary Fig. 6C). In line with these findings, Western blotting
further confirmed elevated phosphorylation of STING (Fig. 7E, F). Importantly, the STING inhibitor H151
and STING siRNA reversed the sensitizing effect of KIF18A inhibition on radiotherapy (Fig. 7G, H;
supplementary 6D, E). These findings collectively demonstrate that KIF18A inhibition promotes
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micronucleus formation and cGAS–STING pathway activation, thereby enhancing tumor-cell
susceptibility to radiotherapy.

KIF18A inhibition enhances immune infiltration and
macrophage M1 polarization
The cGAS–STING pathway is a key initiating signal for innate immune activation, and effective activation
of this pathway can enhance antitumor immunity. Therefore, we leveraged a syngeneic GL261 glioma
model to evaluate whether KIF18A inhibition could potentiate the immune effects of radiotherapy.
Compared with radiotherapy alone, combined shKif18a and radiotherapy significantly prolonged the
median survival (p < 0.05). Consistently, in vivo bioluminescence imaging showed comparable
therapeutic responses (Fig. 8A–C). Immunohistochemical staining showed that combined treatment
increased the infiltration of CD8+ T cells (p < 0.0001), whereas T-cell infiltration was barely detectable in
the control group (Fig. 8D). Given that myeloid cells constitute a major component of the glioma immune
microenvironment, we further examined macrophage polarization. Combined treatment significantly
increased the number of IBA1+ iNOS+ double-positive M1-like macrophages within the tumor (p < 0.001),

whereas the number of IBA1+ CD206+ double-positive M2-like macrophages showed a consistent
change (Fig. 8E). Taken together, these results suggest that KIF18A inhibition enhances radiotherapy-
induced antitumor immunity in glioma.

Discussion
In this study, we found that inhibition of KIF18A sensitizes glioma cells to radiotherapy by increasing
DNA damage and amplifying cGAS-STING pathway. In immunocompetent mice, the combination
treatment also enhanced CD8+ T-cell infiltration. KIF18A is known to support the survival of CIN cancer
cells[16, 17], and its overexpression has been reported in several malignancies, including breast,
prostate, colorectal, hepatic, lung, and brain cancers[11, 13, 38–41]. Our previous work suggested that
KIF18A may facilitate the transition from LGG to GBM[42]. In addition, Bingyan et al. reported that KIF18A
is a marker of poor prognosis in glioma[43]. Consistent with this, Stangeland et al.[44] reported that
KIF18A is enriched in GBM stem cells, and Mathur et al. [45] further showed that it participates in
neurodevelopmental programs underlying GBM lineage origins. However, its association with glioma
recurrence, and radiotherapy response had not been systematically evaluated. In this study, our
integrative analysis revealed that KIF18A expression increases with WHO grade and is associated with
poor survival following radiotherapy. Moreover, KIF18A was the only overlapping gene between CRISPR
gain- and loss-of-function screens, underscoring its potential relevance in radioresistance. This
interpretation is further supported by previous studies showing elevated KIF18A in radioresistant
prostate cancer cells and enhanced radiosensitivity following KIF18A silencing in esophageal cancer
cells further support this concept[46, 47]. Consistent with these observations, we found that radiation
induces KIF18A expression and that KIF18A depletion improves radiotherapeutic efficacy in vitro and in
vivo.
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Pharmacological targeting of KIF18A has emerged as a promising strategy in CIN-high tumors, with
several small-molecule inhibitors, including BTB-1, Sovilnesib, VLS-1488, ISM9682A, GH2616, AM-5308,
AM-1882 and VLS-1272 currently under development[18, 22, 23, 48–51]. Sovilnesib and VLS-1488 are
among the earliest KIF18A-targeting inhibitors to enter clinical trial. Notably, VLS-1488 demonstrated a
favorable tolerability and preliminary antitumor activity, with no patients experiencing grade > 3
treatment-related adverse events, and tumor shrinkage observed in 7 of 17 patients with ovarian
cancer[52]. In addition, a recent study reported that JAK1-deficient head and neck squamous cell
carcinoma CAL27 cells acquire radioresistance by enhancing G2/M cell-cycle arrest. Notably, sovilnesib
counteracted this cell-cycle arrest, increased DNA damage, and markedly improved tumor
radiosensitivity in vivo[53]. In this study, we verified that sovilnesib acts as a radiosensitizer using glioma
cell lines, patient-derived stem cells, organoids, and intracranial xenografts. Collectively, these studies
suggest that KIF18A inhibition may have broad radiosensitizing potential across multiple tumor types.

Mechanistically, we observed that KIF18A inhibition increased micronuclei formation, cytosolic dsDNA
accumulation, and cGAS–STING activation following irradiation. These events are known triggers of
caspase-dependent cell death pathways[54, 55]. Radiation itself induces segregation errors and
generates CIN-high cell populations[20, 21, 56], which may explain the enhanced vulnerability of
irradiated cells to KIF18A loss [17]. Interestingly, KIF18A inhibition also enhanced radiotherapy-induced
immune activation, as evidenced by increased CD8+ T-cell infiltration and macrophage M1 polarization.
This is consistent with previous studies showing that KIF18A inhibition stimulates type I interferon
responses and activates cGAS–STING signaling, thereby promoting CD8+ T-cell infiltration[57]. Taken
together, the radiosensitizing effect of KIF18A inhibition is driven by activating the cGAS–STING pathway
and its downstream signaling cascades, as increased chromosome segregation errors and DNA damage
promote the accumulation of cytosolic DNA. (Fig. 9).

Several limitations should be acknowledged. First, while micronuclei formation was increased, we did
not directly quantify mitotic errors or CIN severity; future studies incorporating live-cell imaging and
karyotypic analyses are warranted. Second, our study showed that KIF18A inhibition was particularly
pronounced in U251 cells, which is a TP53-mutant cell line[58]. Consistently, prior PRISM screening
showed preferential inhibitor activity in TP53-mutant backgrounds[22]. p53 has been reported to limit the
proliferation of nondiploid cells after chromosome missegregation; therefore, loss or mutation of TP53
may allow CIN cells to propagate and become more dependent on mitotic regulators, KIF18A[59]. Given
that CIN-high tumor cells are more vulnerable to KIF18A inhibition, further evaluation of KIF18A inhibitors
in patient-derived primary glioma cells with diverse genetic backgrounds will be important for identifying
patients that benefit from this therapeutic strategy. Third, given the immune activation and therapeutic
efficacy observed in the syngeneic model, the immune-regulatory mechanisms underlying KIF18A
inhibition-mediated radiosensitization warrant further investigation using single-cell RNA sequencing
and spatial transcriptomic approaches.

Conclusion
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In summary, KIF18A is highly expressed in gliomas following radiotherapy and serves as a predictor of
poor prognosis. Across multiple preclinical glioma models, inhibition of KIF18A synergistically enhances
the therapeutic effects of radiotherapy by strengthened cGAS–STING signaling. These findings identify
KIF18A as a promising therapeutic target and highlight sovilnesib as a potential radiosensitizer for
glioma.
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Figure 1

Overexpression of KIF18A in glioma predicts poor radiotherapy prognosis

A. Schematic workflow illustrating the screening strategy for identifying genes associated with glioma
radioresistance using CGGA datasets and public CRISPR/Cas9 databases.

B. KIF18A mRNA expression in normal brain and glioma tissues across the CPTAC, TCGA, and GTEx
datasets.

C. KIF18A mRNA expression in normal brain (n = 5) and glioma tissues (n = 30) from the Xiangya cohort.

D.Representative immunohistochemical images and quantification of KIF18A protein levels in adjacent
non-tumor tissue versus tumor tissue. Each dot represents one field of view.

E.Western blotting analysis showing KIF18A protein levels in paired adjacent and tumor tissues (n = 7).

F.UMAP plots representing expression of KIF18A.

G. KIF18A mRNA expression in primary, recurrent, and secondary gliomas in the CGGA datasets.

H.Representative images and quantification of KIF18A protein levels in paired recurrent GBM samples (n
= 19).

I.Kaplan–Meier survival curves of glioma patients receiving radiotherapy, stratified by high versus low
KIF18A expression in the CGGA and TCGA datasets. Statistical analyses: Student’s t-test (C, D) and
paired t-test (H). Data represent mean ± SD.
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Figure 2

Knockdown of KIF18A increases the radiation sensitivity of glioma cells in vitro

A.Western blotting analysis of KIF18A expression in U251, U87, and GL261 cells following 6 Gy
irradiation and collection within 48 hours.
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B.Quantification of KIF18A protein levels after irradiation in U251, U87, and GL261 cells (n = 3–4).

C.RT–qPCR validation of KIF18A knockdown using shRNA lentiviral transduction.

D.Time-course survival curves of KIF18A-knockdown U251, U87, and GL261 cells following 6 Gy
irradiation (n = 6).

E.Representative colony formation images of control and KIF18A-knockdown U251, U87 and GL261 cells
after irradiation.

F. Quantification of colony numbers (n = 3). Statistical analyses: Student’s t-test (B, C, D and F). Data
represent mean ± SD.
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Figure 3

Knockdown of KIF18A improves the therapeutic response to radiotherapy in glioma xenograft models

A. Schematic illustration of treating the glioma xenograft models with radiotherapy.

B-C.Representative bioluminescence images of U87 (B) and U251 (C) intracranial xenografts.
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D-E.Quantification of bioluminescent tumor signal in mice bearing U87 (D) and U251 (E) xenografts.
Data represent mean ± SD.

F-G.Kaplan–Meier survival curves of mice bearing U87 (F) and U251 (G) xenografts (n = 6–7).

H-I.Representative H&E staining of U87 (H; day 25) and U251 (I; day 30) xenografts from control and
KIF18A-knockdown groups.
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Figure 4

The KIF18A inhibitor sovilnesib sensitizes glioma cells and patient-derived organoids to radiotherapy

A. Cell viability analysis and IC50 of glioma cell lines treated with sovilnesib under 2 Gy irradiation.

B. Time-course survival curves of U251, U87, and GL261 cells treated with sovilnesib following 6 Gy
irradiation (n = 6). Data represent mean ± SD.

C. Representative colony formation images and quantification of colony numbers in U251, U87, and
GL261 cells treated with sovilnesib and irradiation (n = 3). Data represent mean ± SD.

D. Schematic illustration of GBM organoid generation and treatment with sovilnesib and radiotherapy.

E. Representative immunofluorescence images and quantification of Ki-67 (green) and γH2AX (red)
expression in GBM organoids (n = 6). Data represent mean ± SEM. Statistical analyses: Student’s t-test
(B and C), one-way ANOVA test (E)
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Figure 5

Sovilnesibprolongs the median survival of glioma xenograft models

A. Schematic illustration of treatment regimen for glioma xenograft models with radiotherapy and
sovilnesib.
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B. Representative bioluminescence images of mice bearing U251 intracranial xenografts.

C.Quantification of bioluminescent tumor signal in U251 xenografts following treatment. Data represent
mean ± SD.

D.Kaplan–Meier survival curves of mice (n = 5).

E.Representative H&E staining of U251 xenografts on day 30.

F. Representative H&E staining of major mouse organs and immunohistochemical staining of brain
tissues from treatment groups, showing no detectable tissue damage.
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Figure 6

KIF18A inhibition increases DNA damage and enhances activation of the cGAS-STING pathway

A.Representative immunofluorescence images of γH2AX foci in U251 and U87 cells.

B. Quantification of γH2AX foci shown in panel A (n = 7–9). Cells containing ≥10 foci are plotted.
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C. Representative Western blotting images of γH2AX expression in U251 and U87 cells following
irradiation.

D. Schematic illustration of bulk RNA-seq in U251 cells.

E. PCA plot showing transcriptional differences among treatment groups.

F. Left: KEGG pathway enrichment analysis. Right: GO biological process enrichment analysis.

G. Heatmap of cGAS–STING pathway–related genes across U251 treatment groups.

H. RT–qPCR quantification of IRF3 and cytokine expression in U251 cells (n = 3). Statistical analysis:
Student’s t-test (B); one-way ANOVA (H). Data represent mean ± SD.

Page 31/36



Figure 7

KIF18A inhibition induces micronucleus formation to accelerate cGAS-STING pathway activation

A.Representative immunofluorescence images of Lamin A/C in U251 and U87 cells. White arrows
indicate micronuclei, and red arrows indicate lagging micronuclei.
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B. Quantification of cells containing micronuclei (n = 4–6). Data represent mean ± SEM.

C.Representative immunofluorescence images of cytosolic dsDNA (green) and STING (red) in U251 and
U87 cells.

D. Quantification of STING fluorescence intensity and cytosolic dsDNA foci (n = 9). Data represent mean
± SEM.

E.Representative Western blotting images of phosphorylated STING and cleaved caspase-3.

F. Quantification of Western blotting results shown in panel E (n = 4). Data represent mean ± SD.

G. Representative colony formation images of U251 and U87 cells.

H. Quantification of colony numbers shown in panel G (n = 3). Data represent mean ± SD.

Statistical analysis: one-way ANOVA (B, D); Student’s t-test (F, H).
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Figure 8

KIF18A inhibition enhances immune infiltration and macrophage M1 polarization

A. Schematic illustration of treatment regimen for GL261 glioma models.

B. Representative bioluminescence images of mice bearing GL261 intracranial xenografts.
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C.Kaplan–Meier survival curves of mice (left) and quantification of bioluminescent tumor signal (right).
Data represent mean ± SD.

D.Representative H&E staining and IHC staining of CD3 and CD8 in GL261 allografts (left). Quantification
of CD8+ T cell per field (right). Data represent mean ± SD.

E.Representative staining image of IBA1, iNOS, and CD206 in mouse brains under different treatments
(top) and quantification of protein level normalized to the control group (bottom). Each data point
represents one mouse (n = 3 mice for each treatment). Data represent mean. Statistical analysis: one-
way ANOVA (D, E).

Figure 9

KIF18A inhibition sensitizes glioblastoma to radiation

Ionizing radiation induces mitotic chromosome mis-segregation and generates CIN tumor cells[20].
KIF18A inhibition similarly disrupts chromosome segregation and preferentially suppresses CIN-
dependent tumor cells[17, 18, 60]. In combination, KIF18A inhibition increases micronucleus formation
and cytosolic dsDNA release, leading to enhanced activation of the cGAS–STING pathway and induction
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of apoptosis. Dashed arrows and boxes indicate mechanisms that require further investigation[55]. IR,
Ionizing radiation; MN, Micronuclei; IFNB1, Interferon Beta 1; ISG, interferon-stimulated gene.
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