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STING activation increases the efficiency of temozolomide in PTEN harbouring 1 

glioblastoma cell 2 

Abstract 3 

Background/aim: Glioblastoma is one of the most aggressive tumour resistant to all 4 

applied therapy regiments and prone to relapse. Median survival rates are therefore only 5 

expressed as months. STING agonists are immunomodulatory molecules activating type 6 

I interferon expression; thus, can be used to regulate tumour microenvironment. Since, 7 

PTEN is a critical phosphatase in activating interferon regulating transcription factors and 8 

frequently mutated in glioblastoma cells, the aim of this study was to investigate STING 9 

activation in glioblastoma cell lines either harbouring the PTEN protein or not.  10 

Materials and methods: T98G and U118MG glioblastoma cell lines were treated with 11 

the 2’3’-c-di-AM(PS)2(Rp,Rp) STING agonist together with or without the 12 

chemotherapeutic agent temozolomide. cGAS/STING pathway components were 13 

subsequently analysed by qRT-PCR, Western Blot, and ELISA methods.  14 

Results: Our results showed that PTEN harbouring T98G cells responded well to STING 15 

activation along with increased temozolomide efficacy. In contrast, STING activation in 16 

U118MG cells did not affect temozolomide response. mRNA expression levels of STING, 17 

IRF3, NF-KB and RELA genes were significantly increased at the combine treatment 18 

groups in T98G cell line. Conversely, combined treatment with STING agonist and 19 

temozolomide did not affect mRNA expression levels of cGAS/STING pathway genes in 20 

U118MG cells.  21 

Conclusion: Our data provides new evidence, that STING agonists can effectively be 22 

used to increase temozolomide response in the presence of PTEN protein. Therefore, 23 



3 
 

increased GBM therapy success rates can be achieved when using the PTEN expression 1 

status as a predictive biomarker before treating patients with a chemotherapeutic agent in 2 

combination with STING agonist.  3 

Key words: cGAS/STING pathway, 2’3’-c-di-AM(PS)2 (Rp,Rp), STING agonist, 4 

PTEN, glioblastoma, temozolomide 5 

 6 

1. Introduction 7 

STING is discovered as an endoplasmic reticulum resident protein that facilitates innate 8 

immunity activated by viral infections [1]. Identification of cGAS as a cytosolic DNA 9 

sensor and cGAMP production as a second messenger provided more clarification for the 10 

cGAS/STING pathway in the host immune response [2]. STING can detect the genomic 11 

materials or cyclic dinucleotides (CDNs) derived from pathogens as well as self-DNA 12 

leaked from host nucleus or mitochondria. STING activation leads to type I interferon 13 

response immediately [3]. Besides the important roles in the innate immunity activation, 14 

STING-dependent cytosolic DNA sensing has also been related with immunogenicity and 15 

therapeutic sensitivity in cancer. STING activation was associated with cytotoxic T cell 16 

infiltration and improved PARP inhibitor response [4], enhanced radiation-mediated 17 

antitumor immunity [5] or immune checkpoint blockade therapy [6]. With the discovery 18 

of CDNs as cGAS/STING pathway agonists, several companies have started to develop 19 

activator compounds to benefit from the immunomodulatory functions of STING [7]. 20 

Glioblastoma (GBM) is the most frequent and aggressive malignant primary brain tumour 21 

in adults with a progression-free survival of 14 months and 5-year overall survival of 22 

9.8% with the current standard-of-care involving surgery followed by radiotherapy and 23 
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temozolomide (TMZ), which is a DNA alkylating agent [8]. Although TMZ displays 1 

antitumor activity and limited toxicity, its survival benefit remains unsatisfactory and 2 

over 50% of the treated patients acquire resistance to TMZ in part due to the 3 

(re)expression of a gene called O6-methylguanine-DNA methyltransferase [9]. 4 

Recurrence of the tumour is an inevitable event in the GBM and most patients acquire it 5 

after 6-9 months of primary treatment [10]. Phosphatase and tensin homolog (PTEN) 6 

mutations found in 41% of GBM patients and has been linked to TMZ resistance [11-13]. 7 

The low expression of PTEN and the high expression of STING were associated with 8 

poor prognosis and shortened overall survival of patients diagnosed with tongue 9 

squamous cell carcinoma [14]. It was reported that human glioblastoma tumours express 10 

STING pathway components i.e. STING, TBK1, and IRF-3 [15]. STING activation 11 

triggered immune surveillance and hindered tumour development through vascular 12 

disruption in in vivo GBM models [16].  13 

GBM is characterized with immunosuppressive microenvironment, therefore 14 

development of immunomodulatory compounds to activate immune response more 15 

important to increase success rates [17]. PTEN is one of the frequently altered tumour 16 

suppressor gene in cancers and associated with immunosuppressive tumour 17 

microenvironment [18]. During the antiviral innate immunity, PTEN controls the import 18 

of Interferon Regulated Factor 3 (IRF3) transcription factor into the nucleus to trigger 19 

interferon production [19]. Furthermore,  PTEN and STING proteins are important for 20 

regulation of oxidative stress-induced liver inflammation and necroptosis in macrophage 21 

cells [20]. Therefore, we hypothesized that STING activation might generate different 22 

expression patterns and temozolomide response in cells either harbouring the PTEN 23 

protein or not.  24 
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2. Materials and methods 1 

2.1. Cell culture 2 

T98G and U118MG cell lines were obtained from American Type Culture Collection 3 

(ATCC). T98G cell line carries c.125T>G mutation in the 2nd exon of PTEN gene leading 4 

to increased mRNA and protein overexpression [21]. However, U118MG cell line carries 5 

a frame shift mutation, c.1026+1G>T, therefore lack of functional PTEN protein [22]. 6 

Both cell lines were grown in DMEM supplemented with 10% fetal bovine serum (FBS), 7 

L-glutamin and penicillin-streptomycin at 37°C under humidified atmosphere with 5% 8 

CO2. 9 

2.2. Cytotoxicity analysis 10 

STING agonist (SA), 2’3’-c-di-AM(PS)2(Rp,Rp), was obtained from Invivogen (#tlrl-11 

nacda2r-01) and dissolved in water at the 50 mg/ml concentration. Temozolomide was 12 

purchased from Sigma (#T2577) and dissolved at 50 mM concentration in DMSO. 13 

Cytotoxicity analysis were performed using xcelligance real time cell analyser system. 14 

Cells were plated at the density of 1x104 T98G cells/well and 7.5x103 U118MG cells/well. 15 

After 24h, 2 µg/ml STING agonist or IC50 dose of temozolomide were added to the wells 16 

[23]. Cell index was analysed for 72h and data was evaluated using instruments software.  17 

2.3. qRT-PCR 18 

All qRT-PCR primers were obtained from Oligomer Biotechnology, and sybr green 19 

enzyme were obtained from Biorad. mRNA expression levels of STING (TMEM173), 20 

IRF3, NF-KB (P50), and RELA (P65) genes were analysed using quantitative qRT-PCR. 21 

Glyceraldehyde 3-phosphate dehydrogenase (GADPH) expression was used as 22 

housekeeping gene for normalisation.  23 
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2.4. Western Blot  1 

Primary antibodies and dilution concentrations used in the western blot analysis are as 2 

follows: Beta actin (Cell Signaling, 1/1000), STING (Cell Signaling, 1/1000), IRF3 (Cell 3 

Signaling, 1/1000) and NF-KB (Cell Signaling, 1/1000). Protein lysates were isolated 4 

using Complete Lysis-M Buffer (Roche Applied Science) and obtained protein amounts 5 

were assessed by the Bradford method. 30 μg of each protein extract was resolved in 8% 6 

SDS-PAGE gel and transferred to PVDF membranes. Western blot chromogenic 7 

detection kit (Invitrogen) was used to detection of proteins. 8 

2.5. ELISA assay 9 

Human interleukin (IL) 6 and IFNα (Elabscience) kits were used for ELISA analysis. 10 

Cells were treated with TMZ or STING agonist or both; after 48h treatment supernatants 11 

were collected and used for IL6 and IFNα analysis.  12 

3. Results  13 

IC50 concentration of temozolomide was 600 µM and 400 µM for the T98G and U118MG 14 

cells, respectively (Figure 1A and 1B). To investigate the effects of STING agonist on the 15 

TMZ response, we treated T98G and U118MG cell lines with 2 µg/ml SA, TMZ and both 16 

of them, and analysed proliferation for the next 72h. Combine treatment with 600 µM 17 

TMZ and 2 µg/ml SA showed more inhibitory effect on the T98G cells proliferation 18 

(Figure 1C and 1D). However, there was no significant difference between the 19 

combination therapy and temozolomide administration in U118MG cells (Figure 1E and 20 

1F). 21 

 22 
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Downstream of STING signalling, IRF3 and nuclear factor kappa B subunit 1 (NF-KB, 1 

also known as P50) transfection factors work synergistically to activate type I interferons 2 

and cytokines [24, 25]. Therefore, we analysed both to investigate whether SA and TMZ 3 

upregulates IRF3 or NF-KB induced cytokine production. RELA (also known as P65) 4 

binds NF-KB to form the most abundant heterodimer form of NF-KB. Our results showed 5 

that STING, IRF3, NF-KB and RELA mRNA expression levels were significantly 6 

increased at the 24h combine treatment groups in T98G cell line (Figure 2A-2D). Western 7 

blot analysis also confirmed the elevated STING and NF-KB proteins after combined 8 

treatment (Figure 2E-F). When we analysed cell culture supernatants in terms of IFNα 9 

and IL-6 expression, did not observe significant change between treatment groups 10 

(p=0.088 and p=0.363; Figure 2G). 11 

TMZ treatment significantly decreased STING mRNA expression in U118MG cells 12 

(Figure 3A). On the other hand, IRF3, NF-KB and RELA expressions did not significantly 13 

change in all treatment groups (Figure 3B-3D). Western blot analysis showed that 14 

U118MG cells express low levels of IRF3 and STING proteins (Figure 3E-F). U118MG 15 

cells also showed noticeably low IFNα and IL6 levels comparing to T98G cells, however 16 

ELISA assays did not show significant up- or downregulation between the treatment 17 

groups (p=0.072 and p=0.085; Figure 3G). 18 

 19 

4. Discussion 20 

In this study we aimed to compare the effects of STING agonist 2’3’-c-di-AM(PS)2 21 

(Rp,Rp) on PTEN harbouring and PTEN deficient glioblastoma cell lines in terms of 22 

temozolomide response and cGAS/STING pathway. Several reports indicated that 23 

cGAS/STING signalling is frequently supressed in cancers [26, 27]. Colorectal cancer 24 



8 
 

patients with higher STING expression showed longer overall and recurrence-free 1 

survival therefore it was reported that higher STING expression may be an independent 2 

prognostic factor for overall survival [28]. STING activation was also revealed as a 3 

predictive biomarker in lung cancer to predict immunotherapy response [29].  4 

Native and non-nucleotide agonists of STING are under development as potential agents 5 

to increase the efficacy of cancer therapy. [30].  For instance, local delivery of STING 6 

agonist with camptothecin provided tumour regression and increased animal survival 7 

[31]. IL-15 in combination with the STING agonist (ADU-S100) induced prostate cancer 8 

cell death by increasing natural killer cells [32]. Therapeutic efficacy of PARP inhibitors 9 

was associated with CD8+ T-cell recruitment via STING pathway activation in triple-10 

negative breast cancer (TNBC) [4]. Similarly, the efficacy of 5-Fluorouracil was 11 

associated with anti-tumour immunity triggered by cancer-cell-intrinsic STING 12 

activation [33].  13 

ASA404, also known as DMXAA, showed strong effects on subcutaneous brain tumour 14 

model however did not exhibit an activity in orthotopic model [34]. Because the 15 

signalling strength is important for pro-apoptotic functions of STING, low penetration of 16 

ASA404 into the brain may responsible for insufficient effects in the intracranial tumours 17 

[35]. Boudreau et al. investigated the intratumoral administration of STING agonist 18 

(IACS-8779) to canine glioblastoma and reported well toleration up to 15 µg and higher 19 

doses were associated with radiographic responses [36]. Immunostimulatory mesoporous 20 

silica nanoparticles (immuno-MSN) carrying cyclic diguanylate monophosphate 21 

(cdGMP) and STING agonist were systemically delivered and facilitated circulating 22 

CD8+ T cell activity and delayed tumour growth in mouse GBM model [37]. Combination 23 

therapy of anti-CD47 antibodies and STING agonists increased the macrophage 24 
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polarization to M1-phenotype, reduced tumour immunosuppression, and inhibited the 1 

orthotopic GBM growth [38]. These results from glioblastoma models indicate a potential 2 

use of STING agonists in enhancing the efficacy of immunotherapy and other treatments 3 

by shifting the tumour microenvironment towards to the immune active phenotype. In 4 

this study, we combined STING agonist with temozolomide, and compared the treatment 5 

response according to the PTEN genotype. Our results showed that PTEN expressing 6 

cells better responded to the combination treatment of STING agonist and temozolomide, 7 

whereas STING agonist did not change the temozolomide response of PTEN deficient 8 

cells. 9 

PTEN is a dual phosphatase that have key functions in several cell regulatory mechanisms 10 

and tumour suppression. It was reported that PTEN controls the import of IRF3 11 

transcription factor which responsible for IFN response, into the nucleus [19]. PTEN 12 

deficient cancers are associated with an immunosuppressive tumour microenvironment 13 

[18]. Molecular determinants of immunotherapeutic response in GBM were reported as 14 

specific molecular alterations, immune expression signatures, and immune infiltration 15 

that reflect the tumour’s clonal evolution during treatment [39]. Different therapy 16 

strategies for GBM tried so far have failed to improve survival in randomized clinical 17 

trials and the standard of care has remained unchanged over the last decade [9]. Therefore, 18 

STING agonists have significant potential for the development of GBM therapy and hold 19 

promise for the invention of new treatment combinations in the near future. 20 

 21 

Acknowledgment and/or disclaimers, if any 22 



10 
 

This work was supported by the Ege University Scientific Research Projects Coordination 1 

(TYL-2020-21423). Z.Y. presented this study at the 8th Multidisciplinary Cancer 2 

Research Congress (16-17 January 2021).  3 

References 4 

1. Ishikawa H, Barber GN. STING is an endoplasmic reticulum adaptor that facilitates 5 

innate immune signalling. Nature 2008; 455 (7213): 674-678. 6 

https://doi.org/10.1038/nature07317  7 

2. Sun L, Wu J, Du F, Chen X, Chen ZJ. Cyclic GMP-AMP synthase is a cytosolic 8 

DNA sensor that activates the type I interferon pathway. Science 2013; 339 (6121): 9 

786-791. https://doi.org/10.1126/science.1232458  10 

3. Burdette DL, Monroe KM, Sotelo-Troha K, Iwig JS, Eckert B et al. STING is a direct 11 

innate immune sensor of cyclic di-GMP. Nature 2011; 478 (7370): 515-518. 12 

https://doi.org/10.1038/nature10429  13 

4. Pantelidou C, Sonzogni O, De Oliveria Taveira M, Mehta AK, Kothari A et al. PARP 14 

inhibitor efficacy depends on CD8(+) T-cell recruitment via intratumoral STING 15 

pathway activation in BRCA-deficient models of triple-negative breast cancer. Cancer 16 

Discovery 2019; 9 (6): 722-737. https://doi.org/10.1158/2159-8290.CD-18-1218  17 

5. Deng L, Liang H, Xu M, Yang X, Burnette B et al. STING-dependent cytosolic DNA 18 

sensing promotes radiation-induced Type I Interferon-dependent antitumor immunity in 19 

immunogenic tumors. Immunity 2014; 41 (5): 843-852. 20 

https://doi.org/10.1016/j.immuni.2014.10.019  21 

6. Wang H, Hu S, Chen X, Shi H, Chen C et al. cGAS is essential for the antitumor 22 

effect of immune checkpoint blockade. Proceedings of the National Academy of 23 

Sciences USA 2017; 114 (7): 1637-1642. https://doi.org/10.1073/pnas.1621363114  24 



11 
 

7. Wu JJ, Zhao L, Hu HG, Li WH, Li YM. Agonists and inhibitors of the STING 1 

pathway: Potential agents for immunotherapy. Medicinal Research Reviews 2019; 40 2 

(3): 1117-1141. https://doi.org/10.1002/med.21649  3 

8. Simonelli M, Persico P, Perrino M, Zucali PA, Navarria P et al. Checkpoint inhibitors 4 

as treatment for malignant gliomas: "A long way to the top". Cancer Treatment Reviews 5 

2018; 69: 121-131. https://doi.org/10.1016/j.ctrv.2018.06.016  6 

9. Erasimus H, Gobin M, Niclou S, Van Dyck E. DNA repair mechanisms and their 7 

clinical impact in glioblastoma. Mutation Research-Reviews in Mutation Research 8 

2016; 769: 19-35. https://doi.org/10.1016/j.mrrev.2016.05.005  9 

10. Roy S, Lahiri D, Maji T, Biswas J. Recurrent glioblastoma: Where we stand. South 10 

Asian Journal of Cancer 2015; 4 (4): 163-173. https://doi.org/10.4103/2278-11 

330X.175953  12 

11. Lin F, de Gooijer MC, Roig EM, Buil LC, Christner SM et al. ABCB1, ABCG2, 13 

and PTEN determine the response of glioblastoma to temozolomide and ABT-888 14 

therapy. Clinical Cancer Research 2014; 20 (10): 2703-2713. 15 

https://doi.org/10.1158/1078-0432.CCR-14-0084  16 

12. Jiang Z, Pore N, Cerniglia GJ, Mick R, Georgescu MM et al. Phosphatase and tensin 17 

homologue deficiency in glioblastoma confers resistance to radiation and temozolomide 18 

that is reversed by the protease inhibitor nelfinavir. Cancer Research 2007; 67 (9): 19 

4467-4473. https://doi.org/10.1158/0008-5472.CAN-06-3398  20 

13. Brennan CW, Verhaak RG, McKenna A, Campos B, Noushmehr H et al. The 21 

somatic genomic landscape of glioblastoma. Cell 2013; 155 (2): 462-477. 22 

https://doi.org/10.1016/j.cell.2013.09.034  23 



12 
 

14. Wang J, Zheng Y, Peng X, Li R, Pang Y et al. Low expression of PTEN and high 1 

expression of STING in human tongue squamous cell carcinoma tissues are associated 2 

with poor prognosis. Chinese journal of cellular and molecular immunology 2020; 36 3 

(11): 1016-1020.  4 

15. Berger G, Knelson EH, Jimenez-Macias JL, Nowicki MO, Han S et al. STING 5 

activation promotes robust immune response and NK cell-mediated tumor regression in 6 

glioblastoma models. Proceedings of the National Academy of Sciences USA 2022; 119 7 

(28): e2111003119. https://doi.org/10.1073/pnas.2111003119  8 

16. Joseph JV, Blaavand MS, Cai H, Vernejoul F, Knopper RW et al. STING activation 9 

counters glioblastoma by vascular alteration and immune surveillance. Cancer Letter 10 

2023; 579: 216480. https://doi.org/10.1016/j.canlet.2023.216480  11 

17. Nduom EK, Weller M, Heimberger AB. Immunosuppressive mechanisms in 12 

glioblastoma. Neuro-Oncology 2015; 17 (Suppl 7): vii9-vii14. 13 

https://doi.org/10.1093/neuonc/nov151  14 

18. Cetintas VB, Batada NN. Is there a causal link between PTEN deficient tumors and 15 

immunosuppressive tumor microenvironment? Journal of Translational Medicine 2020; 16 

18 (1): 45. https://doi.org/10.1186/s12967-020-02219-w  17 

19. Li S, Zhu M, Pan R, Fang T, Cao YY et al. The tumor suppressor PTEN has a 18 

critical role in antiviral innate immunity. Nature Immunology 2016; 17 (3): 241-249. 19 

https://doi.org/10.1038/ni.3311  20 

20. Yang T, Qu X, Zhao J, Wang X, Wang Q et al. Macrophage PTEN controls STING-21 

induced inflammation and necroptosis through NICD/NRF2 signaling in APAP-induced 22 

liver injury. Cell Communication and Signaling 2023; 21 (1): 160. 23 

https://doi.org/10.1186/s12964-023-01175-4  24 



13 
 

21. Milella M, Falcone I, Conciatori F, Matteoni S, Sacconi A et al. PTEN status is a 1 

crucial determinant of the functional outcome of combined MEK and mTOR inhibition 2 

in cancer. Scientific Reports 2017; 7: 43013. https://doi.org/10.1038/srep43013  3 

22. Verreault M, Weppler SA, Stegeman A, Warburton C, Strutt D et al. Combined 4 

RNAi-mediated suppression of Rictor and EGFR resulted in complete tumor regression 5 

in an orthotopic glioblastoma tumor model. PLoS One 2013; 8 (3): e59597. 6 

https://doi.org/10.1371/journal.pone.0059597  7 

23. Pei J, Zhang Y, Luo Q, Zheng W, Li W et al. STAT3 inhibition enhances CDN-8 

induced STING signaling and antitumor immunity. Cancer Letters 2019; 450: 110-122. 9 

https://doi.org/10.1016/j.canlet.2019.02.029  10 

24. Balka KR, Louis C, Saunders TL, Smith AM, Calleja DJ et al. TBK1 and 11 

IKKepsilon act redundantly to mediate STING-induced NF-kappaB responses in 12 

myeloid cells. Cell Reports 2020; 31 (1): 107492. 13 

https://doi.org/10.1016/j.celrep.2020.03.056  14 

25. Dunphy G, Flannery SM, Almine JF, Connolly DJ, Paulus C et al. Non-canonical 15 

activation of the DNA sensing adaptor STING by ATM and IFI16 mediates NF-kappaB 16 

signaling after nuclear DNA damage. Molecular Cell 2018; 71 (5): 745-760 e5. 17 

https://doi.org/10.1016/j.molcel.2018.07.034  18 

26. Xia T, Konno H, Ahn J, Barber GN. Deregulation of STING signaling in colorectal 19 

carcinoma constrains DNA damage responses and correlates with tumorigenesis. Cell 20 

Reports 2016; 14 (2): 282-297. https://doi.org/10.1016/j.celrep.2015.12.029  21 

27. Shi F, Su J, Wang J, Liu Z, Wang T. Activation of STING inhibits cervical cancer 22 

tumor growth through enhancing the anti-tumor immune response. Molecular and 23 



14 
 

Cellular Biochemistry 2021; 476 (2): 1015-1024. https://doi.org/10.1007/s11010-020-1 

03967-5  2 

28. Chon HJ, Kim H, Noh JH, Yang H, Lee WS et al. STING signaling is a potential 3 

immunotherapeutic target in colorectal cancer. Journal of Cancer 2019; 10 (20): 4932-4 

4938. https://doi.org/10.7150/jca.32806  5 

29. Della Corte CM, Sen T, Gay CM, Ramkumar K, Diao L et al. STING pathway 6 

expression identifies NSCLC with an immune-responsive phenotype. Journal of 7 

Thoracic Oncology 2020; 15 (5): 777-791. https://doi.org/10.1016/j.jtho.2020.01.009  8 

30. Wu JJ, Zhao L, Hu HG, Li WH, Li YM. Agonists and inhibitors of the STING 9 

pathway: Potential agents for immunotherapy. Medicinal Research Reviews 2020; 40 10 

(3): 1117-1141. https://doi.org/10.1002/med.21649  11 

31. Wang F, Su H, Xu D, Dai W, Zhang W et al. Tumour sensitization via the extended 12 

intratumoural release of a STING agonist and camptothecin from a self-assembled 13 

hydrogel. Nature Biomedical Engineering 2020; 4 (11): 1090-1101. 14 

https://doi.org/10.1038/s41551-020-0597-7  15 

32. Esteves AM, Papaevangelou E, Dasgupta P, Galustian C. Combination of 16 

Interleukin-15 with a STING agonist, ADU-S100 analog: A potential immunotherapy 17 

for prostate cancer. Frontiers in Oncology 2021; 11: 621550. 18 

https://doi.org/10.3389/fonc.2021.621550  19 

33. Tian J, Zhang D, Kurbatov V, Wang Q, Wang Y et al. 5-Fluorouracil efficacy 20 

requires anti-tumor immunity triggered by cancer-cell-intrinsic STING. The EMBO 21 

Journal 2021; 40 (7): e106065. https://doi.org/10.15252/embj.2020106065  22 



15 
 

34. Bahr O, Gross S, Harter PN, Kirches E, Mawrin C et al. ASA404, a vascular 1 

disrupting agent, as an experimental treatment approach for brain tumors. Oncology 2 

Letters 2017; 14 (5): 5443-5451. https://doi.org/10.3892/ol.2017.6832  3 

35. Gulen MF, Koch U, Haag SM, Schuler F, Apetoh L et al. Signalling strength 4 

determines proapoptotic functions of STING. Nature Communications 2017; 8 (1): 427. 5 

https://doi.org/10.1038/s41467-017-00573-w  6 

36. Boudreau CE, Najem H, Ott M, Horbinski C, Fang D et al. Intratumoral delivery of 7 

STING agonist results in clinical responses in canine glioblastoma. Clinical Cancer 8 

Research 2021; 27 (20): 5528-5535. https://doi.org/10.1158/1078-0432.CCR-21-1914  9 

37. Bielecki PA, Lorkowski ME, Becicka WM, Atukorale PU, Moon TJ et al. 10 

Immunostimulatory silica nanoparticle boosts innate immunity in brain tumors. 11 

Nanoscale Horizons 2021; 6 (2): 156-167. https://doi.org/10.1039/d0nh00446d  12 

38. Zhou Y, Guo Y, Chen L, Zhang X, Wu W et al. Co-delivery of phagocytosis 13 

checkpoint and STING agonist by a Trojan horse nanocapsule for orthotopic glioma 14 

immunotherapy. Theranostics 2022; 12 (12): 5488-5503. 15 

https://doi.org/10.7150/thno.73104  16 

39. Zhao J, Chen AX, Gartrell RD, Silverman AM, Aparicio L et al. Immune and 17 

genomic correlates of response to anti-PD-1 immunotherapy in glioblastoma. Nature 18 

Medicine 2019; 25 (3): 462-469. https://doi.org/10.1038/s41591-019-0349-y  19 

 20 

 21 

 22 

 23 



16 
 

 1 

Figure 1: Effects of STING agonist (SA) on temozolomide (TMZ) response of T98G and 2 

U118MG cell lines. A-B: T98G and U118MG cells were treated with increasing 3 

concentrations of TMZ for 72h and IC50 levels were calculated using xcelligance 4 

software. C-D: Cells were treated with the 2 μg/ml SA, TMZ or both (SA + TMZ) and 5 

cell indexes analysed for 72 h. E-F: Slope values obtained from xcelligance software 6 

(*p=0.002; **p=0.004) 7 

 8 

 9 

  10 
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Figure 2: Effects of SA and TMZ treatment on cGAS/STING pathway in the T98G cell 1 

line. Normalized mRNA expressions of A: STING p=0.045 (Control vs Comb24h), 2 

p=0.049 (SA12h vs Comb24h), p=0.03 (SA24h vs Comb24h), B: IRF3 *p=0.016 (SA24h 3 

vs TMZ24h) **p=0.012 (TMZ24h vs Comb24h), C: NF-KB p=0.001 (Control, SA12h, 4 

SA24h, TMZ12h and TMZ24h vs Comb24h), D: RELA p=0.001 (Control, SA12h, 5 

SA24h, TMZ12h and TMZ24h vs Comb24h); E: Western blot results of target proteins; 6 

F: Relative quantification graphs of western blot results; G: IFNα (p=0.088) and IL-6 7 

(p=0.363) expression levels  8 

  9 
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Figure 3: Effects of SA and TMZ treatment on cGAS/STING pathway in the U118MG 1 

cell line. Normalized mRNA expressions of A: STING *p=0.011 (Control vs SA12), 2 

**p=0.003 (Control vs TMZ), ***p=0.006 (Control vs TMZ24h), B: IRF3, C: NF-KB, 3 

D: RELA, E: Western blot results of target proteins; F: Relative quantification graphs of 4 

western blot results; G: IFNα (p=0.072) and IL-6 (p=0.085) expression levels  5 

 6 


