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SESSION 1

Identification of Dual-Acting HDAC Inhibitors for Pancreatic Cancer Treatment through Drug Synergy 
Predictions and Molecular Modeling

Nemanja Djokovic1, Aleksandra Ilic1, Alen Cebzan1, Branko Radovic1, Dusan Ruzic1, Milan Beljkas1, Ana Djuric2, Tatjana 
Srdic-Rajic2, Slavica Oljacic1, and Katarina Nikolic1

1Department of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Belgrade, Belgrade, Serbia 
2Department of Experimental Oncology, Institute for Oncology and Radiology of Serbia, Belgrade, Serbia
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Background: Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive and lethal cancers, 
with chemoresistance playing a significant role in its poor prognosis. This highlights the urgent need for the 
development of novel therapeutic strategies to overcome resistance and improve treatment outcomes for 
PDAC. Considering the widespread epigenetic alterations in PDAC, targeting epigenetic regulators such as 
histone deacetylases (HDACs) with inhibitors is a promising approach, especially in combination therapies. 
Material and Methods: In this study, we developed a bioinformatic screening protocol to 
predict potential synergistic combinations of HDAC inhibitors, including sirtuin (SIRT) inhibitors, 
by utilizing data on drug sensitivity and basal gene expression of pancreatic cancer cell lines. 
Results and Conclusions: Experimental validation in two pancreatic cancer cell lines, MIA PaCa-
2 and PANC-1, confirmed synergy between HDAC inhibitors and either the sphingosine-1-phosphate 
(S1P) receptor agonist fingolimod or the Rho-associated protein kinase (ROCK) inhibitor RKI-1447. 
The bioinformatic screening also identified several previously unknown interaction partners for HDAC inhibitors, 
including ROCK, aurora kinase A (AURKA), glutaminase 1(GLS1) and WEE1 kinase inhibitors. These identified 
interactions were further investigated using structure-based molecular modeling to develop novel dual-acting 
HDAC inhibitors (HDAC/ROCK, SIRT/AURKA, HDAC/GLS1 and HDAC/WEE1). The molecular docking simulations 
revealed strong binding affinities of the novel dual-acting HDAC inhibitors to the respective targets. The key 
structural features responsible for the inhibition of HDAC1/4/6/8, SIRT, ROCK1, ROCK2, AURKA, GLS1 and 
WEE1 were identified and served as the basis for the development of these dual-acting HDAC inhibitors. 
Together with the predictions of drug synergies, these inhibitors prove to be promising candidates for future 
experimental validation. The most promising dual-acting HDAC inhibitors identified in silico will be synthesized for 
further in vitro enzyme and cell-based assays.

Acknowledgments and funding: This research was funded by the Ministry of Education, Science and Technological 
Development, Republic of Serbia through Grant Agreement with the University of Belgrade-Faculty of Pharmacy No: 
451-03-65/2024-03/200161. The authors thank the COST Actions CA18240, CA21135 and CA22125 of the European 
Community for support.
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Inhibition of the membrane transporters in 5-fluorouracil-resistant colorectal cancer cells by chlorogenic 
acid

Milena Milutinović, Anđela Andrejić, Milan Stanković, Danijela Nikodijević

University of Kragujevac, Faculty of Science, Department of Biology and Ecology, Kragujevac, Republic of Serbia

Keywords: ABC transporters, resistance, 5-fluorouracil

Background: In the case of colorectal cancer, one of the most common and deadliest cancers, the commonly used 
chemotherapeutic agent is 5-fluorouracil (5-FU). However, a problem facing modern medicine is the development of 
resistance to chemotherapy in tumor cells. In several studies, chlorogenic acid (CHA), found in green tea and coffee 
extracts, has demonstrated a wide range of pharmacological actions, including anticancer effects. In our study, the 
potential of CHA to reverse the sensitivity of 5-FU-resistant colorectal cancer cells and inhibit the expression of key 
membrane transporters involved in the resistance development was investigated. 
Material and Methods: Human colon carcinoma (HCT-116) cell lines, resistant to 5-FU, were used as a model system. 
The cytotoxicity of 5-FU and the achieved resistance were determined using an MTT assay and expressed as IC50 
values and resistance factors for 24 h and 72 h. Effects of CHA on the expression of different ABC (ATP Binding Cassette) 
membrane transporters expressed in colon tissue were determined in HCT-116 5-FU resistant cells by qPCR methods. 
Results: Results show that CHA has the potential to inhibit the expression of some transporters on the transcriptional 
level in 5-FU resistant HCT-116 cells. The significant result is the reduced relative expression of MRP5 and MRP8 
membrane transporters in resistant cells treated with CHA, considering that these transporters were included in 
resistance development (their expression was increased in resistant cells compared to parental cells in our results). 
Conclusions: According to its inhibitory activity on expression of the key membrane transporters in the emergence of 
5-FU resistance in HCT-116 cells, chlorogenic acid should be further investigated for potential use to re-enhance the 
sensitivity of resistant cells to chemotherapeutics and inhibit their efflux. The effects on ABC transporter activity and 
more detailed experiments still need to be evaluated.

Acknowledgments and funding: This work was supported by the Ministry of Education, Science and Technological 
Development of the Republic of Serbia (Agreement no. 451-03-65/2024-03/ 200122).

The impact of silibinin on the expression of genes involved in the process of apoptosis in malignant cells 
treated with selective COX-2 inhibitor
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Background: Chronic inflammation and increased activity of the enzyme cyclooxygenase-2 (COX-2) are recognized as 
important factors in the etiopathogenesis of lung cancer. Celecoxib, a selective COX-2 inhibitor, is being considered as a 
potential agent in the prevention and therapy of lung cancer. The aim of this study was the in vitro determination of the 
cytotoxic effect of celecoxib and silibinin (silybin), a natural flavonolignan isolated from the plant Silybum marianum, 
on the human cell line of lung adenocarcinoma (A549), as well as an analysis of the expression of genes involved in 
inflammatory and apoptotic cell responses. 
Material and Methods: The cytotoxicity of celecoxib and silibinin on A549 cells was evaluated using dye exclusion 
and MTT assays. Quantification of gene expression was performed using the quantitative real-time polymerase chain 
reaction with reverse transcription (qRT-PCR), and was analyzed using the comparative ΔΔCt method, with ACTB as a 
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reference gene. Statistical processing of the results was done by one-factor analysis of variance (ANOVA) with Taki's 
post-hoc test. 
Results: Celecoxib and silibinin exhibit a concentration-dependent increase in cytotoxicity i.e. inhibition of viability 
and proliferation of A549 cells. Compared to the untreated, control group, celecoxib decreased the expression of the 
gene responsible for the synthesis of the COX-2 isoenzyme (PTGS2) and the expression of the antiapoptotic BCL2 gene 
(p<0.01), and increased the expression of the tumor suppressor gene TP53 and the proapoptotic BAX gene, without 
statistical significance. The addition of silibinin to celecoxib showed a synergistic effect in further increasing the mRNA 
levels of TP53 and BAX genes (p<0.01). 
Conclusions: COX-2 is an important factor in the survival and proliferation of malignant cells. Celecoxib and silibinin 
show antiproliferative and proapoptotic effects on lung cancer cells. The addition of silibinin to celecoxib offers the 
potential to use lower doses of celecoxib to exert its antineoplastic effects, thereby reducing the side effects of this 
selective COX-2 inhibitor.

Investigation of the effect of exportin-1 gene inhibition with selinexor on glioma

Beyza Öztürk Sever 1, Asuman Çelebi 2, Timuçin Avşar 2
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Background: Glioblastoma (GBM) is the most common malignant brain tumor, typically treated with 
surgery followed by temozolomide (TMZ) chemotherapy and radiotherapy. However, recurrence and 
therapy resistance are common, highlighting the need for new treatment strategies. Exportin 1 (XPO1), a 
nuclear export protein, translocates tumor suppressors, regulatory proteins, and RNA from the nucleus 
to the cytoplasm. Dysregulated nuclear export contributes to tumor progression and chemoresistance. 
Understanding the role of XPO1 in GBM and exploring its inhibition could offer new therapeutic opportunities. 
Materials and Methods: TMZ-resistant GBM cell line LN18, standard GBM cell line U87MG, and TMZ-sensitive LN229 
cell line were used as in vitro models. The selective XPO1 inhibitor Selinexor was administered alone and in combination 
with TMZ. The effects on cell viability were assessed, along with mechanistic evaluations including apoptosis, cell 
cycle distribution, colony formation capacity, and expression levels of genes involved in DNA repair and resistance. 
Results: The combination of Selinexor and TMZ was effective in reducing cell viability across all cell lines, 
with the most dramatic effect observed in the TMZ-resistant LN18 cells. Mechanistic analysis showed that 
cell death in resistant cells occurred primarily through apoptosis, while TMZ-sensitive and non-resistant 
lines (U87MG and LN229) exhibited G1/G0 and S cell cycle arrest. Colony formation assays revealed that 
combination treatment significantly reduced the number of colonies, indicating impaired long-term proliferative 
capacity. Furthermore, in TMZ resistant cells, the combination treatment downregulated genes involved in 
DNA damage response (DDR), mismatch repair (MMR), and other resistance-related pathways. This suggests 
that XPO1 inhibition may enhance TMZ efficacy in resistant cells by suppressing key resistance mechanisms. 
Conclusions: Targeting XPO1 with Selinexor may potentiate the effect of TMZ, particularly in drug-resistant GBM 
models. These findings support the combination’s potential to overcome resistance and reduce tumor recurrence, 
warranting further investigation in preclinical and clinical studies.

Acknowledgments and funding: We thank our laboratory team and supervisor for their valuable contributions to this 
study.
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TFEB Controls Chemoresistance in NSCLC
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Background: In NSCLC, the effectiveness of chemo-immunotherapy is influenced by the dysregulated expression 
of ABC transporters, including the overexpression of ABCC1 and the reduced expression of ABCA1. While ChIP-Seq 
studies in endothelial cells have identified several ABC transporters as transcriptional targets of transcription factor 
EB (TFEB), its role in cancer remains unclear. TFEB, a leucine zipper protein, is a key regulator of lysosomal biogenesis 
and autophagy, and emerging evidence suggests its involvement in modulating the immune recognition of cancer cells 
by the host immune system. In this study, we investigated if TFEB affects the response to chemotherapy and to Vγ9δ2 
T- lymphocytes in non-small cell lung cancer (NSCLC).
Materials and Methods: The influence of TFEB/ABCC1/ABCA1 expression on the survival of NSCLC patients was 
examined using data from the TCGA-LUAD cohort and a retrospective cohort from our institution. Human NSCLC cells 
with TFEB silencing (shTFEB) were assessed for ABC transporter expression, chemosensitivity, and immune-mediated 
cytotoxicity. The chemo-immuno-sensitizing effects of nanoparticles encapsulating zoledronic acid (NZ) on shTFEB 
tumors and the tumor immune microenvironment were investigated in Hu-CD34+ mice through single-cell RNA 
sequencing.
Results: TFEBlowABCA1lowABCC1high phenotype proved to be the worst prognosis for the NSCLC patients. ChIP assay 
indicated that ABCA1 is a direct target of TFEB. By reducing the pERK1/2, shTFEB cells had reduced ERK-1/2-mediated 
activation of SREBP2, which modulates genes of cholesterol homeostasis. As such, TFEB silencing down-regulated 
genes of cholesterol synthesis, decreased expression and activity of the cholesterol/IPP transporter ABCA1, the efflux 
of IPP, and the NSCLC killing by Vγ9δ2 T-lymphocytes. In parallel, shTFEB cells had increased expression of ABCB1 
and ABCC1 and significantly higher IC50 values for cisplatin. The results of immune xenografts confirmed that shTFEB 
tumors were more resistant to cisplatin than wild-type counterparts. The combination of cisplatin and NZ was effective 
in reversing the chemo-immuno-resistance of shTFEB tumors.
Conclusions: This study revealed that TFEB plays a crucial role in regulating sensitivity to chemotherapy and immune-
mediated killing in NSCLC. Incorporating TFEBlowABCA1lowABCC1high signature into the diagnostic workflow could 
provide valuable insights for optimizing treatment selection on an individual basis in NSCLC patients.

Acknowledgments and funding: Supported by the AIRC (Grant No. IG21408).
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Foxo3a mediates Sirt3-dependent regulation of ERα signaling in MCF-7 breast cancer cells

Ena Šimunić, Marija Pinterić, Iva I. Podgorski, Marijana Popović Hadžija, Vedrana Filić, Ana Tadijan, Ivan Ciganek, 
Denis Pleše, Tihomir Balog, Sandra Sobočanec

Ruđer Bošković Institute, Zagreb, Croatia
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Background: Breast cancer remains the most frequently diagnosed cancer among women, with approximately 70% 
of cases being estrogen receptor alpha (ERα) positive. Estrogen (E2) plays a critical role in the development and 
progression of these hormone-dependent tumors. Sirtuin 3 (Sirt3), a major mitochondrial deacetylase, has shown 
context-dependent roles in cancer, acting as either an oncogene or a tumor suppressor. In estrogen/progesterone 
receptor-positive MCF-7 breast cancer cells, we previously demonstrated that Sirt3 overexpression increases ERα 
levels while reducing tumorigenic properties through upregulation of p53 and attenuation of E2 signaling. In this study, 
we explore the potential involvement of transcription factor Foxo3a as a mediator in the Sirt3–p53–ERα regulatory 
axis. Foxo3a acts as a tumor suppressor in multiple cancer types, although its specific role in cancer remains unclear. 
Moreover, it shows promise as a potential marker for tumor diagnosis and prognosis in breast cancer patients. 
Materials and methods: We use MCF-7 breast cancer cells transfected with the FLAG-tagged Sirt3 (MCF-7S3) or empty 
pcDNA3.1 plasmid (MCF-7C). Following a combination of Sirt3 overexpression, E2 and fulvestrant (ICI) treatments, 
we analyzed the morphology and survival of the cells, protein expression and interaction by Western blot and co-
immunoprecipitation and examined localization using confocal microscopy. 
Results: Besides observed tumor-suppressive effects of Sirt3 in these cells, we revealed that Foxo3a expression and 
localization are modulated by both Sirt3 and hormonal stimuli. Co-immunoprecipitation experiments confirmed an 
interaction between Foxo3a and ERα, which was significantly reduced in Sirt3-overexpressing clones compared to 
controls, and almost completely reduced in both clones upon E2 treatment.
Conclusions: Sirt3 expression induces p53 and Foxo3a expression and impacts their localization in MCF-7 breast cancer 
cells, coordinately stimulating tumor suppressor cellular processes in tumor cells. Both Sirt3 and E2 disrupt Foxo3a–ERα 
interaction, potentially shifting the function of Foxo3a away from ERα-regulated transcription toward p53-mediated 
tumor suppression. All these results indicate that Foxo3a acts as a functional mediator of Sirt3-driven changes in ERα 
signaling in MCF-7 cells, highlighting the Sirt3–Foxo3a–p53 axis as a potential target in the treatment of hormone-
dependent breast cancer.

Exploring HPV E6 interaction network: new insights into HPV-induced tumorigenesis

Katarina Soža, Toni Rendulić, Josipa Skelin Ilić, Vjekoslav Tomaić

Laboratory of Molecular Virology and Bacteriology, Division of Molecular Medicine, Ruđer Bošković Institute, Zagreb, Croatia

Keywords: HPV, cancer, interactome

Background: While most people will be infected with Human papillomaviruses (HPVs) at some stage of their lives, only 
persistent infection with high-risk (HR) types, such as HPV 16 and 18, can lead to the development of various cancers. 
Although HR types are predominantly linked to cervical cancer, they are also associated with a subset of anogenital 
and head and neck cancers. In contrast, low-risk (LR) HPV types, such as HPV 6 and 11, are not considered tumorigenic, 
as they primarily cause benign warts. The hallmark of HPV-induced tumorigenesis is uncontrolled expression of two 
main viral oncoproteins, E6 and E7, which target multiple cellular regulators, including p53 and pRB, the major tumor 
suppressor proteins involved in the control of the cell cycle and apoptosis. Furthermore, HR E6 oncoproteins also 
interact with a number of PDZ-domain containing proteins, which act as cellular tumor suppressors and are involved 
in cell polarity regulation. E6s bind to these targets via their PDZ-binding motifs (PBMs), present on their extreme 
C-termini, ultimately driving their degradation in the proteasome/dependent manner. In this study we identified a 
novel E6 interacting partner, which has been recently shown to be strongly associated with promotion and progression 
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of a number of human cancers. 
Materials and Methods: The major experimental approaches involved cell culture models, which were the basis for 
protein interaction assays, such as GST pull-down assays, degradation assays in the presence of proteasomal inhibitors, 
mutational analysis, and investigation of the specificity of HPV E6 type in targeting substrate. 
Results: Our preliminary data demonstrate that HR E6 oncoproteins (16, 18, 33) interact with the novel cellular 
substrate in a PBM/PDZ dependent manner with different intensities. Here we show that this interaction results in a 
significant reduction in the protein expression levels of the novel interacting partner. Notably, the downregulation was 
not observed in the presence of the proteasome inhibitor, implying that this PBM/PDZ-dependent interaction is likely 
regulated by the proteasome.
Conclusions: Thus, our results provide new insights into the complexity of the E6 interactome and are likely to reveal 
important novel mechanisms by which HPV contributes to malignant transformation.

Silencing of NaV1.7 voltage-gated sodium channel by siRNA modulates oncogenic pathways in pancreatic 
cancer

Mumin Alper Erdogan 1,2, Ayse Caner ¹
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Background: Pancreatic cancer (PCa) is one of the most aggressive malignancies globally, currently 
ranking fourth in cancer-related deaths in the United States and seventh worldwide. Despite advances in 
treatment, the 5-year survival rate remains below 10%, largely due to late diagnosis, limited biomarkers, an 
immunosuppressive tumor microenvironment, intrinsic chemoresistance, and high metastatic potential (1–4). 
Gemcitabine, the current first-line chemotherapeutic, offers only modest survival benefits due to rapid 
resistance development (5,6). Thus, novel therapeutic targets and combination strategies are urgently needed. 
Voltage-gated sodium channels (VGSCs), initially known for roles in excitable tissues, are now implicated in cancer 
progression, including proliferation, invasion, and metastasis in several epithelial cancers (7,8). The NaV1.7 isoform (SCN9A) 
is of particular interest due to its elevated expression in metastatic tumors and its influence on oncogenic signaling (9). 
Although tumor database analyses suggest NaV1.7 is overexpressed in pancreatic ductal adenocarcinoma (PDAC), 
its functional role in PCa remains unexplored. Based on our prior VGSC work in breast and pancreatic cancer (10), 
we investigated whether siRNA-mediated NaV1.7 silencing could inhibit key malignant features of PCa and enhance 
gemcitabine efficacy, aiming to establish NaV1.7 as a potential novel therapeutic target.
Materials and Methods: Human keratinocyte cell line HaCaT (control) and pancreatic cancer cell lines PANC-
1 and MiaPaCa-2 (PDAC models) were cultured in DMEM with 10% FBS at 37°C and 5% CO₂. Targeted gene 
silencing of NaV1.7 (SCN9A) adult and neonatal isoforms was performed using specific siRNAs transfected 
via Lipofectamine 2000 (Invitrogen). Knockdown efficiency was confirmed by qRT-PCR and Western blot. 
Cell proliferation was assessed with MTS assays (Promega) at 24, 48, and 72 hours post-transfection. Colony formation 
was evaluated after 10–14 days in 6-well plates treated with siRNAs and/or gemcitabine (Gemzar®). In PANC-1 cells, 
combinatorial treatments with sub-cytotoxic gemcitabine and NaV1.7 siRNAs were tested for synergistic effects. 
Invasion and migration were analyzed via Transwell assays (Matrigel-coated and 
uncoated), and cell motility was assessed using wound healing assays. Apoptosis and cell 
cycle distribution were evaluated by flow cytometry using Annexin V-FITC/PI staining. 
mRNA expression was quantified by qRT-PCR (SYBR Green), and protein levels of key signaling molecules (P-Src, 
P-FAK, Integrin β1, EF2K, P-Akt, P-mTOR, cleaved PARP, Caspase-3/9, Cyclin D1/E1) were analyzed by Western blot. All 
experiments were conducted in triplicate. Statistical analysis was performed using one-way ANOVA (Tukey’s post-hoc), 
with p < 0.05 considered significant.
Results: Quantitative real-time PCR (qRT-PCR) analyses confirmed that both adult and neonatal isoforms 
of NaV1.7 (SCN9A) mRNA were significantly overexpressed in the pancreatic cancer cell lines PANC-1 and 
MiaPaCa-2 compared to the non-cancerous HaCaT cell line (p < 0.01). Western blot analysis further validated 
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that NaV1.7 protein levels were markedly elevated in both pancreatic cancer cell lines. Following siRNA-
mediated knockdown, a substantial reduction in both NaV1.7 mRNA and protein expression was achieved in 
PANC-1 and MiaPaCa-2 cells (>80% downregulation, p < 0.001), confirming the high efficiency of gene silencing. 
Functionally, NaV1.7 knockdown resulted in a significant decrease in pancreatic cancer cell proliferation, as assessed by MTS 
assays conducted at 24, 48, and 72 hours post-transfection (p < 0.001 at all time points compared to controls). Importantly, 
NaV1.7 siRNA treatment did not elicit any cytotoxic effect in normal HaCaT cells, indicating a tumor-specific impact. In 
clonogenic assays, the ability of PANC-1 and MiaPaCa-2 cells to form colonies was dramatically suppressed following 
NaV1.7 silencing, with an approximately 70–75% reduction in colony numbers relative to negative controls (p < 0.001). 
In PANC-1 cells, combination treatments with sub-cytotoxic doses of gemcitabine and NaV1.7 siRNA demonstrated a 
clear synergistic effect, significantly enhancing the cytotoxicity of gemcitabine (combination index CI < 1). The combined 
treatment led to further suppression of proliferation and clonogenic potential beyond either treatment alone (p < 0.001). 
Cell invasion and migration assays revealed that NaV1.7 siRNA treatment significantly impaired the invasive 
capacity of both PANC-1 and MiaPaCa-2 cells, with a >60% reduction in invasion through Matrigel-coated 
Transwell inserts (p < 0.001). Similarly, migration was decreased by >50% following NaV1.7 knockdown 
(p < 0.001). In wound-healing assays, NaV1.7 silencing delayed wound closure kinetics by more than 
60% at 24 hours compared to untreated controls, indicating marked inhibition of cancer cell motility. 
Flow cytometric analysis demonstrated that NaV1.7 silencing induced robust apoptosis in both pancreatic 
cancer cell lines, with significant increases in early and late apoptotic populations (Annexin V+/PI+ cells, p 
< 0.001). Moreover, NaV1.7 knockdown caused a pronounced arrest in the G1 phase of the cell cycle, with 
a corresponding decrease in S-phase populations (p < 0.001), suggesting impaired cell cycle progression. 
At the molecular level, Western blot analyses showed significant downregulation of key proteins associated with 
proliferation (Cyclin D1, Cyclin E1), survival (P-Akt, P-mTOR), and invasion/migration (P-Src, P-FAK, Integrin β1, EF2K) 
following NaV1.7 knockdown in both cancer cell lines. In addition, markers of apoptosis, including cleaved PARP 
and cleaved Caspase-3/9, were markedly elevated, further supporting the pro-apoptotic effect of NaV1.7 inhibition. 
Collectively, these results demonstrate that NaV1.7 channel activity critically regulates multiple hallmarks of pancreatic 
cancer, including proliferation, invasion, migration, apoptosis, and drug resistance, and that its silencing offers a 
promising therapeutic approach.
Conclusions: Our study provides the first comprehensive and mechanistic evidence that both adult and 
neonatal isoforms of the NaV1.7 voltage-gated sodium channel play a critical role in driving pancreatic cancer 
progression, metastatic potential, and therapeutic resistance. siRNA-mediated targeting of NaV1.7 not only 
effectively suppressed key malignant phenotypes—including proliferation, clonogenicity, invasion, migration, 
and survival—but also significantly enhanced the cytotoxic efficacy of the current first-line chemotherapeutic 
agent, gemcitabine, in pancreatic cancer cells. Importantly, these effects were observed without inducing 
cytotoxicity in normal keratinocyte cells, highlighting the tumor-specific therapeutic potential of NaV1.7 inhibition. 
Furthermore, our findings revealed that NaV1.7 silencing modulates multiple oncogenic signaling 
pathways involved in cell cycle regulation, survival, and metastasis, thereby providing mechanistic insights 
into its role as a key regulator of pancreatic cancer biology. These collective results position NaV1.7 
as a highly promising and novel molecular target for therapeutic intervention in pancreatic cancer. 
Given the urgent unmet clinical need for more effective treatment strategies in this aggressive malignancy, further 
validation of these findings in preclinical in vivo models and translational studies is warranted. Ultimately, the 
development of NaV1.7-targeted therapies, either as monotherapy or in combination with standard chemotherapeutics, 
may offer new avenues to improve patient outcomes in pancreatic cancer.
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From in silico to clinical validation: CYBB and IDO1 as potential prognostic markers in rectal cancer
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Background: Locally advanced rectal carcinoma (LARC) is typically treated with neoadjuvant chemoradiotherapy 
(nCRT) followed by surgery. Identifying predictive and prognostic biomarkers is crucial for selecting patients who will 
benefit the most from neoadjuvant treatment. In our previous study, an in silico approach was used to select candidate 
genes associated with response to nCRT [1]. Three genes involved in the Hallmark inflammatory response pathway and 
associated with immune evasion (IL6, CXCL9, and CYBB) were selected for further validation, along with IDO1, a gene 
identified through literature review as having potential relevance [2,3]. The expression of these genes was measured 
using quantitative real-time PCR (qRT-PCR) in pretreatment formalin-fixed paraffin-embedded (FFPE) tissue samples, 
using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as a reference. However, in a prospective cohort from the 
Institute for Oncology and Radiology of Serbia, no significant correlation was observed between the expression of the 
selected genes (IL6, CYBB, CXCL9, IDO1) and overall treatment response [1]. Patients were divided into responders—
those who achieved a clinical complete response (cCR) and were managed with a “watch and wait” approach, as well 
as those with tumor regression grade (TRG) 1 or 2 according to Mandard, in patients who underwent surgery. The non-
responder group included patients with TRG 3 or 4. In the subgroup of patients who underwent surgery, a comparison 
between the best responders (TRG1) and those with the poorest response (TRG4) revealed a statistically significant 
difference (p<0.05) in the expression of the IDO1 gene [1]. Higher expression of IDO1 was associated with a better 
treatment response [1]. The CYBB gene encodes the gp91-phox subunit of the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase complex, which is primarily recognized for its role in the oxidative burst of the immune 
system. A literature review of the CYBB gene revealed a statistically significant association between its expression levels 
and survival in patients with LARC, with higher expression linked to improved overall survival (p = 0.02) [4]. However, 
emerging studies suggest that CYBB activity is also associated with oxidative stress and the response to radiotherapy 
in cancer treatment [5]. Elevated oxidative stress levels have been linked to increased radiosensitivity of cancer cells. 
The prognostic significance of IDO1 has been demonstrated in several malignancies. In renal cell carcinoma, high 
IDO1 expression correlates with poorer outcomes, whereas in ovarian cancer and melanoma, it has been identified 
as a favorable prognostic marker [4]. Similarly, CXCL9 has shown prognostic relevance in renal, endometrial, breast, 
and ovarian cancers, where its elevated expression is associated with better survival [4]. In colorectal cancer (CRC) 
specifically, increased CXCL9 expression has been linked to a favorable prognosis in a cohort of 326 patients [6]. 
Regarding IL6, literature data highlight its involvement in the development and progression of CRC [7], as well as its 
potential as a prognostic biomarker. While some studies have reported that elevated plasma IL6 levels are associated 
with poorer survival in CRC patients, these findings have not been consistently validated in subsequent research [8]. 
Although investigating genes associated with the inflammatory response holds considerable promise for understanding 
therapy response in rectal cancer, the lack of validation in our study may be attributed to population-specific factors 
and the limited sample size [1]. Since their predictive significance was not confirmed in previous research, this study 
aimed to evaluate their prognostic role in our cohort of patients with LARC. 
Patients and Methods: Between June 2020 and May 2022, we prospectively enrolled 82 patients with LARC who 
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underwent long-course nCRT. Radiation therapy was delivered using volumetric modulated arc therapy with a 
simultaneous integrated boost (VMAT-SIB), combined with concomitant chemotherapy (5-fluorouracil and leucovorin) 
administered during the first and fifth weeks of treatment. Treatment response was evaluated eight weeks after the 
completion of nCRT. Patients who achieved a cCR and had tumors located distally (not amenable to sphincter-sparing 
surgery) were not immediately referred for radical surgery but were instead enrolled in a strict follow-up program 
(i.e., the “watch and wait” approach). In cases of tumor regrowth, salvage surgery was performed. Following surgery, 
the follow-up protocol included a first surveillance colonoscopy at 12 months post-treatment, then every 3–5 years 
depending on findings. Chest, abdominal, and pelvic CT scans were performed every 6 months for the first 3 years, 
and annually thereafter. Clinical evaluations and tumor markers (CEA, CA 19-9)were measured every 3–6 months in 
the first 3 years, and then every 6–12 months Overall survival (OS) was defined as the time from diagnosis to the date 
of last clinical follow-up or death. Disease-free interval (DFI) was calculated from the date of surgery or, for patients in 
the “watch and wait” group without relapse, from the control MRI until disease progression, death, or last follow-up. 
For patients included in the “watch and wait” protocol who experienced tumor regrowth during follow-up, DFI was 
calculated from the date of salvage surgery until disease progression, death, or last follow-up. Gene expression levels 
(IL6, CXCL9, CYBB, IDO1) were measured using qRT-PCR in pretreatment FFPE samples. Patients were divided into two 
groups based on DFI status (with or without disease relapse), and gene expression levels were compared between the 
groups. 
Results: Of the 82 enrolled patients, 65 (79.3%) underwent surgery, while 17 (20.7%) were managed with the “watch 
and wait” strategy. Among the “watch and wait” cohort, 8 patients experienced tumor regrowth; 7 of these (87.5%) 
underwent successful salvage surgery. One patient developed both local and distant relapse and was not operated 
on. The median disease-free interval (DFI) was 36 months (range: 1–54 months), with a 3-year DFI rate of 74.8%. 
Median overall survival (OS) was 46 months (range: 12–58 months), with a 3-year OS rate of 88.9%. When comparing 
gene expression between patients with and without disease relapse, statistically significant differences were observed 
for CYBB and IDO1 (p < 0.05). Receiver operating characteristic (ROC) curve analysis was performed to determine 
the optimal cut-off values for these genes. While the ROC analysis itself did not show statistical significance (CYBB: 
p = 0.744, AUC = 0.670; IDO1: p = 0.544, AUC = 0.679), when the derived cut-off values were applied, higher CYBB 
expression (cut-off value 0.447) was significantly associated with better DFI, while higher IDO1 expression (cut-off 
value 1.471) was significantly associated with better both DFI and OS (p < 0.05 for both). 
Conclusions: This prospective study evaluated the prognostic significance of selected immune-related genes in patients 
with locally advanced rectal cancer treated with neoadjuvant chemoradiotherapy. While initial in silico findings did 
not correlate with treatment response, further analysis revealed that high expression levels of CYBB and IDO1 were 
significantly associated with disease-free and overall survival. These results suggest that CYBB and IDO1 may serve 
as valuable prognostic biomarkers, supporting their potential role in risk stratification and individualized patient 
management using a multigene prognostic panel. Further validation in larger, independent cohorts is warranted. 
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β-E6s preferentially bind MAML1, a transcriptional co-activator that plays a role in the Notch signalling pathway. This 
interaction inhibits the expression of the Notch signalling target genes, consequently slowing down the differentiation 
of infected keratinocytes. Notably, our recent analyses have shown that multiple α-E6s also bind MAML1, which results 
in increased E6 stability. In the current study, we aimed to broaden our understanding of the reported α-E6-MAML1 
interaction and test whether it is also implicated in the inhibition of the Notch signalling pathway and keratinocyte 
differentiation. 
Materials and Methods: GST pull-down and co-immunoprecipitation assays were employed to compare the binding 
affinities among the E6 proteins from HPV types 8, 16, and 18 towards MAML1. To verify the effects of 16 E6 and 18 E6 
on the expression of Notch-responsive genes, luciferase assays and qPCR were performed, with 8 E6 serving as a positive 
control. Moreover, differentiation assays were carried out in keratinocytes that stably express the abovementioned E6 
proteins. 
Results: According to our data, cells exhibited reduced expression of Notch-responsive genes in the presence of MAML1-
binding α-E6s. Likewise, the expression of differentiation markers was decreased in these cells during differentiation 
assays. 
Conclusions: These preliminary results indicate that, besides β-E6s, α-E6 oncoproteins are also likely to inhibit the 
Notch signalling pathway by associating with MAML1, consequently downregulating cellular differentiation.

SIRT7 Overexpression as a Prognostic Indicator in Triple-Negative Breast Cancer
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Background: Epigenetic regulation plays a key role in cancer by altering gene expression without changing the DNA 
sequence. Recent advances highlight chromatin-modifying enzymes as promising biomarkers and therapeutic targets. 
Among these, the sirtuin family has gained attention. Sirtuin 7 (SIRT7) is notable for its selective deacetylation of histone 
H3 at lysine 18 (H3K18ac), an epigenetic mark linked to transcriptional repression and oncogenic transformation. 
Although SIRT7 is involved in DNA repair, ribosome biogenesis, and metabolism, its clinical relevance in breast cancer 
subtypes remains unclear. Investigating its expression may inform new therapeutic strategies, particularly for subtypes 
lacking targeted treatments. 
Patients and Methods: This study analysed SIRT7 expression in tumor tissues from 111 breast cancer patients, including 
48 with triple-negative breast cancer (TNBC) and 63 with hormone receptor-positive, HER2-negative (ER+PR+HER2−) 
tumors. Total RNA was extracted, and SIRT7 expression was quantified via real-time qPCR, normalized to reference 
genes. Statistical analyses compared expression between subtypes and evaluated correlations with clinicopathological 
features. Kaplan–Meier analysis assessed the association between SIRT7 expression and overall survival. 
Results: No significant difference in SIRT7 expression was found between the subtypes. However, in the TNBC group, 
SIRT7 overexpression was significantly associated with shorter overall survival (p = 0.037). The mean survival was 39 
months for the high-expression group versus 52 months for the low-expression group. No survival correlation was 
observed in the ER+PR+HER2− group. Additionally, in TNBC, high SIRT7 expression was associated with tumors smaller 
than 2 cm. 
Conclusions: SIRT7 overexpression correlates with worse survival in TNBC, suggesting its potential role as a prognostic 
biomarker and a candidate for future targeted therapies. These findings support further investigation into SIRT7’s role 
in epigenetic-based treatment strategies, particularly for aggressive and treatment-resistant breast cancers like TNBC.

Acknowledgments and funding: This research was conducted within the project MFVMA/02/20-22, "Genetic and 
Epigenetic Variations in Genes Involved in Antitumor Immune Response in Solid Tumors," funding by the Ministry of 
Defence.
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Exploring the expression and prognostic utility of NISCH in primary and metastatic rectal cancer
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Background: Rectal adenocarcinoma (READ) ranks 8th in terms of incidence and 10th in mortality rates, representing 
a significant public health concern worldwide. As a result, new diagnostic and prognostic biomarkers are urgently 
needed. NISCH has been identified as both a tumor suppressor and a positive prognostic marker in breast and ovarian 
cancers. Recent analyses of NISCH across various tumor types have revealed its context-dependent role. However, 
NISCH has not been extensively studied in READ. The aim of this study was to analyze NISCH expression in both primary 
and metastatic READ and evaluate its prognostic potential. 
Material (Patients) and Methods: NISCH levels in normal and READ samples were obtained through Xena Functional 
Genomics Explorer, TIMER, and GEPIA2 online tools. Additionally NISCH was analysed by RT-qPCR in our two cohorts 
with paired samples: cohort 1 consisted of 28 patients with primary READ with adjacent normal rectal tissue, and the 
cohort 2 with 17 patients with rectal cancer with liver metastasis (RCLM) and adjacent normal liver tissue. GAPDH 
levels were used for normalization. Data were analysed using the 2-dCt method. Kaplan–Meier (KM) analysis was used 
to evaluate overall survival (OS) and disease-free survival (DFS) in cohort 1 and time to recurrence (TTR) in cohort 2 
based on NISCH expression. 
Results: In silico analyses using Xena and TIMER online tools revealed no significant difference in NISCH expression 
between READ and normal rectal tissue. In contrast, GEPIA2 analysis indicated that NISCH was reduced in READ. Due 
to these inconsistent findings across databases, we further evaluated NISCH expression on our cohorts. No significant 
difference in NISCH expression was observed between READ and adjacent normal rectal tissue in cohort 1. Also, there 
was no difference in NISCH expression between primary and metastatic READ from cohort 2. However, NISCH was 
significantly downregulated in RCLM compared to healthy liver tissue. KM analysis showed no association between 
NISCH expression and OS or DFS (cohort 1) or TTR (cohort 2). 
Conclusions: While NISCH expression did not differ between primary READ, adjacent normal tissue, or metastatic 
lesions, it was significantly downregulated in liver metastases compared to healthy liver tissue, suggesting a potential 
role in the metastatic liver microenvironment. NISCH expression showed no prognostic value for OS, DFS or recurrence 
in the analyzed rectal cancer cohorts.
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Grant No. 6056979, REPANCAN, by the Ministry of Education, Science and Technological Development of the Republic 
of Serbia Agreement No. 451-03-66/2024-03/200043 and 451-03-136/2025-03/200042, and the European Union’s 
Horizon 2020 research and innovation programme under the Marie Skłodowska-Curie grant agreement No. 891135.
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Analysis of NK-92 cytotoxicity against different colon cancer cell lines
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Background: Natural Killer (NK) cells play a vital role in the immune defense against colorectal cancer (CRC). Their 
direct cytotoxic activity is driven through activating NK cell receptors and their ligands on target cells, leading to tumor 
cell death by releasing lytic granules such as perforin. This study aimed to assess how different CRC cell lines, which 
reflect varying stages of tumor progression, genetic mutations, and immune evasion strategies, affect NK cytotoxicity, 
production of perforin and interferon-gamma (IFN-γ), as well as the expression of NKG2D and PD-1 receptors. 
Materials and Methods: The cytotoxic activity of NK-92 cells, a commercially available NK cell line, was evaluated 
against six CRC cell lines (SW480, SW620, HT-29, HCT116, DLD-1, and Caco2). NK-92 cells were co-cultured with 
fluorescently pre-labeled target cells at varying effector-to-target (E:T) ratios, and target cell lysis was assessed using 
flow cytometry (FACS). Additionally, FACS analysis was used to examine the expression of NKG2D and PD-1 receptors, 
as well as the production of perforin and IFN-γ. 
Results: At the highest E:T ratio tested (10:1), NK-92 cells exhibited enhanced cytotoxic activity against the SW480 CRC 
cell line and its metastatic derivative, SW620. Notably, co-cultivation with SW620 cells led to a marked downregulation 
of the activating receptor NKG2D and a reduction in perforin production in NK-92 cells, which corresponded with 
decreased cytotoxic efficacy compared to that observed with the primary SW480 cells. HT-29, HCT116, and DLD-1 
demonstrated greater susceptibility to NK-92-mediated cytotoxicity than Caco-2 cells, the latter exhibiting less than 
10% cell lysis. This may be attributed to the close resemblance of Caco-2 cells to normal enterocytes, characterized 
by the expression of epithelial ligands typically found in non-transformed tissue. Interestingly, following a 4-hour co-
culture with NK-92 cells, HT-29, HCT116, and DLD-1 cells upregulated expression of the immune checkpoint ligand PD-
L1, yet no changes in PD-1 expression were detected on NK-92 cells. Overall, NK-92 cells produced low levels of IFN-γ 
in response to all CRC cell lines. 
Conclusions: NK-92 cell cytotoxicity varied across CRC cell lines. Reduced NKG2D expression and perforin production 
following co-culture with the metastatic SW620 suggest impaired NK-92 killing capacity. Additionally, the observed 
upregulation of PD-L1 on CRC cells might contribute to NK-92 dysfunction.

Acknowledgments and funding: This research was funded by the European Union under the NextGenerationEU 
Programme (MZ3-24, KP1-25).
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Background: Head and neck squamous cell carcinomas (HNSCCs), which are associated with high mortality rates, exhibit 
enhanced metastasis, invasion, angiogenesis, and immune evasion, despite advancements in diagnosis and treatment. 
Recent studies indicate that exosomes, key mediators of tumor–microenvironment communication, contribute to 
prognostic and pathological alterations in cancer. However, the composition of exosomes released under hypoxia in 
cancers such as pharyngeal cancer and their impact on the tumor microenvironment remain poorly understood. This 
study aimed to investigate the changes in the protein profiles of secretomes from endothelial cells exposed to hypoxia-
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induced tumor-derived exosomes (hiTDExs) from pharyngeal cancer cells.
Material and Methods: Protein profile changes in human umbilical vein endothelial cells (HUVECs) treated with hiTDExs 
were analyzed using a human cytokine antibody array assay. The expression of the target proteins was examined in 
HNSCC patient tissues with and without metastasis.
Results: hiTDExs significantly modulated cytokine expression in HUVEC-derived secretomes. Array analysis revealed 
at least 10 cytokines with altered expression compared to normoxic exosome-treated controls. Notably, CCL26, EGFR, 
IL-3, and IL-8 expression was significantly altered. The functional role of these factors in remodeling the pharyngeal 
cancer microenvironment, particularly in promoting metastasis and hypoxia, requires further investigation.
Conclusions: Our findings offer novel insights into how dynamic interactions between endothelial cells and hiTDExs 
drive metastasis. While chemokine-based therapies remain under development, CCL26 emerges as a promising target 
for future HNSCC treatments.
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Background: The tumor microenvironment is shaped by complex interactions between tumor cells and 
stromal cells, among which fibroblasts play a key role. Exosomes, as important mediators of intercellular 
communication, transfer regulatory molecules—including microRNAs—that can modulate the behavior of 
recipient cells. This study aimed to investigate the effects of exosomes derived from healthy, premalignant, 
and malignant oral epithelial cells on the expression of key oncogenic signaling pathways in fibroblasts. 
Methods: Exosomes were isolated from cell lines of healthy epithelium (HaCaT), dysplastic cells (DOK), and oral 
squamous cell carcinoma (SCC15 and SCC25). Expression of miR-21 was analyzed in exosomes from each group, 
followed by treatment of normal fibroblasts with these exosomes for 24 hours. Total RNA was extracted from fibroblasts 
using the Trizol method, and expression of genes involved in carcinogenesis (PIK3CA, AKT, NOTCH1, HES1) was 
analyzed by qPCR. Fibroblasts without treatment served as the reference control for gene expression normalization. 
Results: MiR-21 expression was significantly higher in exosomes derived from malignant cells compared to 
those from healthy and premalignant cells, while no significant difference was observed between healthy 
and dysplastic cells. Fibroblasts treated with cancer-derived exosomes showed a significant upregulation of 
PIK3CA(p=0.041), AKT (p<0.0001), NOTCH1 (p=0.0003), and HES1 (p<0.0001) compared to the healthy exosome-
treated group. Treatment with dysplastic cell-derived exosomes resulted in a significant increase in AKT (p=0.04) 
and HES1 (p=0.01) expression. No changes were observed in fibroblasts treated with exosomes from healthy cells. 
Conclusions: Exosomes from malignant and premalignant epithelial cells induce activation of oncogenic signaling 
pathways in fibroblasts, with miR-21 potentially playing a key role in fibroblast reprogramming toward a pro-tumorigenic 
phenotype.

Acknowledgments and funding: This research was funded by the Science Fund of the Republic of Serbia, #GRANTNO 
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Role of Eicosanoid Receptor in Stroma – Cancer Communication
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Background: The tumor microenvironment (TME) is a complex and dynamic system composed of multiple cell types, 
including immune cells, endothelial cells, and cancer-associated fibroblasts (CAFs), which interact with cancer cells to 
influence tumor growth, metastasis, and resistance to therapy. Among these, CAFs are a particularly abundant and 
active component in many solid tumors, yet their role in cancer progression remains underexplored compared to 
immune or vascular interactions.
Recent studies have highlighted that CAFs can influence tumor biology through the secretion of cytokines, remodeling 
of the extracellular matrix, and metabolic interactions. However, our understanding of the specific surface receptors 
and signaling mechanisms mediating CAF–cancer cell crosstalk is limited. In this study, we investigate a novel G-protein-
coupled receptor (GPCR), EICOR1, and its ligand EICO1, as potential mediators of CAF-driven effects in hepatocellular 
carcinoma (HCC), a highly aggressive liver cancer with limited therapeutic options.
Materials and Methods: To identify CAF-specific receptors relevant in HCC, we performed an integrative analysis 
of public single-cell RNA sequencing (scRNAseq) and spatial transcriptomics datasets from HCC tumors. Differential 
expression analysis revealed a subset of GPCRs selectively enriched in CAFs, among which the eicosanoid receptor 
EICOR1 was highly and specifically expressed.
We validated the spatial expression of EICOR1 using RNAscope in situ hybridization and spatial transcriptomics on 
patient-derived HCC tissue samples. To study its functional relevance, we employed the chick embryo chorioallantoic 
membrane (CAM) assay by co-engrafting human CAFs with liver cancer cells, in the presence or absence of EICOR1 
activation.
In vitro assays were conducted to evaluate downstream signaling pathways and kinase activity in fibroblasts. 
Metabolomic profiling was performed on matched primary and secondary liver tumor samples from patients to assess 
the abundance of EICO1, the natural ligand of EICOR1. Furthermore, fibroblast-conditioned media were subjected to 
proteomic analysis to identify secreted factors that may mediate anti-angiogenic effects.
Results: CAF-specific Expression of EICOR1: scRNAseq and spatial transcriptomics data revealed that EICOR1 expression 
is restricted to the stromal compartment of HCC tumors, specifically in CAF populations, with negligible expression in 
tumor epithelial or immune cells. RNAscope analysis confirmed this localization in multiple patient samples. Functional 
Impact on Angiogenesis: In the CAM assay, fibroblasts expressing EICOR1, when co-engrafted with liver cancer cells and 
stimulated with EICO1, displayed a marked reduction in tumor-induced neoangiogenesis compared to control groups. 
This reduction was quantifiable through imaging and vascular marker analysis.
Mechanistic Insights: Kinase profiling in vitro indicated that EICOR1 activation leads to downregulation of several pro-
tumorigenic kinases in fibroblasts, suggesting a reprogramming of their functional state. Among the most significantly 
altered were pathways associated with cell motility, inflammation, and extracellular matrix remodeling. Metabolomic 
Correlations in Human Tumors: Analysis of matched tumor and adjacent non-tumor liver tissue from patients showed 
that levels of the natural ligand EICO1 were significantly lower in the tumor regions. This suggests either ligand 
depletion or altered synthesis in the tumor microenvironment. Importantly, high EICOR1 expression in patient tumor 
samples was associated with better overall survival, supporting its potential protective role. Secretome Profiling: 
Proteomic analysis of fibroblast-conditioned media following EICOR1 activation revealed increased secretion of known 
anti-angiogenic proteins, including tissue inhibitors of metalloproteinases (TIMPs). These findings provide a possible 
mechanistic explanation for the observed anti-angiogenic phenotype.
Conclusions: Our findings establish EICOR1 as a novel CAF-specific eicosanoid receptor involved in modulating 
angiogenesis and tumor–stroma interactions in HCC. The selective expression of EICOR1 in the tumor stroma, its 
anti-angiogenic function upon activation, and the correlation of its expression with patient survival suggest that this 
receptor–ligand axis may serve as both a biomarker and a therapeutic target.
We propose that EICO1–EICOR1 signaling suppresses the pro-tumorigenic function of CAFs and supports an anti-
angiogenic phenotype. These insights pave the way for the development of new therapeutic strategies that aim to 
reprogram or target the CAF compartment in liver cancer. Specifically, small-molecule agonists or mimetics of EICO1 
could offer a novel approach to disrupt the tumor-promoting CAF–cancer cell communication network.
Currently, we are engaged in the synthesis and preclinical evaluation of compounds targeting this newly identified 

P21



103

Serbian Association for Cancer Research SDIRSACR

EICO1–EICOR1 axis. We believe that targeting stromal communication offers a promising avenue for improving 
treatment outcomes in HCC and potentially other cancers where CAFs play a central role.
Note: The precise identity and structure of EICOR1 and EICO1 will be disclosed during the meeting.
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Background: Checkpoint inhibitors represent one of the most innovative and prominent types of anticancer therapeutics. 
Besides their exceptional breadth of usage in solid tumors and remarkable responses in select patients, the majority 
of individuals fail to derive meaningful benefit. Unfortunately, no ideal biomarker currently exists to predict which 
patients will respond. In non-small cell lung cancer (NSCLC), treatment decisions are typically guided by the level of 
PD-L1 expression, yet its predictive value remains limited. Therefore, development of more accurate and sensitive 
predictive systems for immunotherapy response remains a priority. 
Materials (Patients) and Methods: We conducted a set of complementary studies in Saint Petersburg institutions 
aimed at improving immunotherapy patient selection in NSCLC. A retrospective clinical analysis of 415 patients 
with inoperable NSCLC was performed to identify prognostic factors using Cox regression modeling. A prospective 
biomarker study involving 146 NSCLC patients assessed the predictive value of a novel 10-gene expression signature 
(CEI), quantified via PCR in tumor tissue. Microbiome profiling and immune microenvironment characterization were 
carried out in 63 patients using 16S rRNA sequencing and immune gene expression analysis, with response defined 
as lack of progression within 6 months. Baseline radiomic features from CT scans of 220 patients were analyzed using 
a comprehensive machine learning ensemble framework to predict long-term benefit (24-month overall survival). 
Results: The clinical study identified six statistically significant prognostic factors (including lymph node status, NLR, and 
sex), which allowed classification into prognostic subgroups; patients with favorable profiles had significantly improved 
survival with checkpoint inhibitors (p=0.045). The gene expression study confirmed that high CEI values were associated 
with improved immunotherapy efficacy, with a 6-month progression-free survival rate of approximately 75% versus 35% 
in the low CEI group (p<0.05). Microbiome diversity indices (Chao1, Shannon) and specific taxa abundance correlated 
with clinical benefit, although no single genus or phylum was universally predictive. The radiomics ensemble model, 
combining clinical and imaging features, achieved an AUC of 0.86 for predicting 24-month survival, outperforming 
models based on either data type alone. 
Conclusions: Our multidisciplinary results emphasize the inadequacy of PD-L1.
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Petersburg, Russia
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Background: The unique ability of small interfering RNAs (siRNAs) to suppress the expression of target genes 
makes them a promising tool in oncology, offering effective and safe competition to both low-molecular-weight 
targeted drugs and monoclonal antibodies. The possibility of targeting siRNAs to specific genes, even in the 
presence of individual mutations, opens up new opportunities for personalized oncology. However, the main 
and still unresolved challenge regarding siRNA application is the difficulty of delivering them into target cells, 
which hinders their adoption into clinical practice. Therefore, the aim of this study was to develop a unique 
cholesterol-modified siRNA molecule to silence the gene encoding the immune checkpoint protein PD-1. 
Materials and Methods: A standard protocol was used for isolating T-lymphocytes from peripheral blood 
by density gradient centrifugation (e.g., using Ficoll-Paque), after which T-lymphocytes were isolated 
from the mononuclear fraction using immunomagnetic separation. The passenger strand of a unique 
siRNA designed through bioinformatic methods was conjugated to a cholesterol molecule via a TEG linker. 
Results: Flow cytometric analysis of standard-activated T-lymphocytes showed that CD3-positive cells comprised 95 
± 6% of the samples. Flow cytometry results also demonstrated that within 6 hours after adding antiPD-1 siRNA-FAM 
at a concentration of 2 µM into the culture medium, more than 80% of T-lymphocytes contained the FAM label. This 
percentage decreased over time, likely due to siRNA degradation followed by the release and/or fading of the fluorescent 
label. Additionally, changes in the mRNA levels of the PDCD1 gene in activated T-lymphocytes were evaluated by qPCR at 
24 and 48 hours after the addition of antiPD-1 siRNA (2 µM) to the culture medium. Twenty-four hours after treatment, 
the level of PDCD1 mRNA decreased by more than 80%, and after 48 hours it remained suppressed by more than 60%. 
Conclusions: The obtained results demonstrate the high efficiency of the developed self-deliverable antiPD-1 siRNA. 
The transfection efficiency and gene expression suppression levels either match or exceed those reported previously 
for PD-1-targeting siRNAs in published studies.
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Background: PD-1 checkpoint inhibitors like Pembrolizumab have improved outcomes in patients with metastatic 
melanoma (MM), but some patients still have disease progression, indicating the need for biomarkers of treatment 
response. Cytokines like transforming growth factor beta-1 (TGFB1) and interferon-gamma (IFNG) are implicated in 
immune regulation and tumor progression. Their predictive role in immunotherapy deserves further exploration.
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Material and Methods: Twenty-one BRAF wild type MM patients were included in the study. TGFB1 and IFNG gene 
expression was quantified using TaqMan qPCR after total RNA isolation from peripheral blood mononuclear cells. Fold 
changes (FC) were calculated using the ddCt method with GAPDH as the reference gene. Expression was measured at 
baseline and before the 5th, 9th, 13th, and 17th cycles of immunotherapy. Patients were classified into the progression 
group (PG) (n=10) or non-progression group (NPG) (n=11) based on outcomes within one year. Baseline levels (BL) of 
TGFB1, IFNG, LDH, CRP, neutrophils (NEU), lymphocytes (LY), and NEU/LY ratio (N/L), were compared between groups 
using the Mann-Whitney test. Time to progression (TTP) was analyzed with Kaplan–Meier survival methods, and group 
differences were tested with the log-rank test. In TTP analysis, patients were divided into low or high expression group 
using median FC value of TGFB1 and IFNG. In NPG, longitudinal changes in cytokine gene expression were assessed 
with the Friedman test. In PG, TGFB1 and IFNG values at BL were compared with values at the time of progression 
using the Mann-Whitney test. Correlations between LDH, CRP, NEU, LY, N/L and TGFB1 and IFNG were tested with 
Spearman’s rank correlation.
Results: There were no significant differences in TGFB1, IFNG, LDH, CRP, NEU, LY, N/L at BL between PG and NPG, but 
TGFB1 showed a trend toward lower values in PG (p=0.053). Log-rank analysis showed no significant link between 
cytokine gene expression at BL and disease progression, but lower values of TGFB1 trended toward shorter TTP 
(p=0.090). There was no correlation between LDH, CRP, NEU, LY, N/L and TGFB1 or IFNG expression. No significant 
differences existed in TGFB1 or IFNG levels over time in NPG, nor between BL and levels at the time of progression in 
PG.
Conclusions: In this cohort of MM patients treated with Pembrolizumab, lower BL TGFB1 indicated a trend towards 
shorter TTP and higher probability of progression. These findings suggest the predictive potential of TGFB1 that requires 
larger studies
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Background: Metastatic melanoma is the most aggressive form of skin cancer that is responsible for more than 80% of 
cutaneous cancer-related deaths. This cancer is characterized by a high frequency of somatic mutations, predominantly 
in the BRAF gene. Patients harboring the BRAF V600E mutation are treated with targeted therapies, including BRAF 
kinase inhibitors (BRAFi) alone or combined with MEK inhibitors (MEKi). Despite initial responses, resistance to these 
therapies develops rapidly, often driven by molecular alterations. One such alteration is the changed expression of p53 
family isoforms, which regulate the activity of the tumor suppressor p53 and may influence resistance mechanisms. 
Material and Methods: To better understand these molecular changes, we established and validated primary 
melanoma cell lines derived from metastatic melanoma patients who received combined BRAFi/MEKi therapy. We 
aimed to characterize the expression profiles of p53 family members in these cells. We assessed the expression of p53, 
p63, and p73 isoforms at both the mRNA and protein levels using quantitative PCR (qPCR) and Western blot analysis 
across various melanoma sublines. Additionally, we measured the expression of MITF, which encodes the central 
transcription factor that regulates melanogenesis, via qPCR. Expression of MITF in melanoma sublines was compared 
to that in non-melanoma cancer cell lines, including prostate, ovarian, and neuroblastoma lines. 
Results: We observed that primary cell sublines differ in morphology and consist of three distinct subtypes: melanocytic 
cells, mesenchymal cells and a mixed population. In all cell sublines the expression of MITF gene was determined and 
compared with MITF expression in different non-melanocytic cancer cell lines. All melanoma sublines demonstrated 
higher MITF expression than the non-melanoma cancer lines. However, levels of MITF varied significantly among 
the melanoma sublines. The results of p53 isoform expression revealed the differences in both mRNA and protein 
expression levels between the individual cell sublines. 
Conclusions: These preliminary findings suggest that specific p53 family isoforms may be associated with the 
development of resistance to combined BRAFi/MEKi targeted therapy in melanoma. Further research is required to 
confirm whether these isoforms can serve as reliable biomarkers for acquired therapy resistance and to explore their 
potential roles in treatment outcomes.
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tumor development
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Background: Glutathione S-transferases (GSTs) play critical roles in detoxification, redox homeostasis, and modulation 
of cellular signaling pathways, thus participating in tumorigenesis through effects on cell survival, proliferation, and drug 
resistance. Among them, the omega-class of GSTs (GSTO1 and GSTO2) exhibit distinct enzymatic functions, including 
thioltransferase and dehydroascorbate reductase activity, contributing to the regulation of redox homeostasis and 
protein function. Given the central role of reactive oxygen species in brain tumor pathogenesis, and the fact that GSTO 
genes are highly polymorphic, investigating their variants may provide insight into individual susceptibility to brain 
tumor development. 
Material and methods: GSTO1 rs4925 and GSTO2 rs156697 gene polymorphisms were determined by the qPCR 
method in 111 patients with brain tumors (classified into gliomas, meningiomas and other tumor types including 
pituitary adenomas and less common intracranial neoplasms) and 140 age- and gender- matched healthy controls. 
Results: Homozygous carriers of the GSTO1 variant *A allele had a significantly reduced overall risk of brain tumor 
development compared to carriers of the referent genotype (OR=0.26, 95%CI:0.08-0.86, p=0.027). Subgroup analysis 
revealed that the observed significance was driven by the association between GSTO1 polymorphism and the risk of 
developing pituitary adenomas and less common intracranial neoplasms (OR=0.25, 95%CI:0.09-0.67, p=0.013), while 
no statistically significant associations were found for gliomas or meningiomas. The additional haplotype analysis 
confirmed that individuals with the GSTO H2 haplotype, defined as the concomitant presence of the variant GSTO1*A 
and GSTO2*G alleles, had decreased risk of developing pituitary adenomas and less common intracranial neoplasms 
(OR=0.13, 95%CI:0.02-0.74, p=0.023). Conversely, individuals with H3 haplotype including referent GSTO1*C and variant 
GSTO2*G alleles were at significantly higher risk for glioma (OR=2.94, 95%CI:1.21-7.15, p=0.018) and meningioma 
(OR=4.08, 95%CI:1.19-13.94, p=0.026). 
Conclusion: Our results suggest that GSTO locus variants may influence susceptibility to brain tumors depending on 
the histological subtype. These findings support further investigation into GSTO variants as potential genetic markers 
for brain tumor risk stratification.
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ABCB1 polymorphisms rs2032582 and rs1045642 in epithelial ovarian cancer pathogenesis and 
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Background: The ABCB1 gene encodes for ATP-binding cassette subfamily B member 1 (ABCB1) P-glycoprotein (Pgp). 
It is a transmembrane efflux pump for a broad range of xenobiotics including carcinogenic substances as well as 
anticancer drugs. ABCB1 polymorphisms rs2032582 (A>C/T in exon 21) and rs1045642 (A>G in exon 26) could change 
Pgp expression and cellular clearance of xenobiotics, and thus influence cancer development and clinical outcome. The 
effect of these polymorphisms on epithelial ovarian cancer (EOC) onset and progression is still undefined. 
Patients and Methods: The epithelial ovarian tumors (75 malignant and 24 benign) were genotyped by TaqMan allelic 
discrimination real-time PCR. The association of genotypes with EOC development was evaluated by χ2 test and risk 
ratio (RR) with 95% confidence interval (CI). The relationship of genotypes and haplotypes with clinicopathological 
(CP) characteristics of EOC was analyzed by logistic regression. Fifty-eight patients who received taxane/carboplatine 
chemotherapy were followed-up for progression-free survival (PFS). PFS between genotypes was compared by the 
log-rank test. 
Results: The rs2032582 CC genotype was significantly more frequent in malignant vs. benign tumors (43.5% vs. 9.1%) 
compared to AA plus AC (p=0.007, RR (95%CI): 4.8 (1.2-18.4)). Also, the rs1045642 GG genotype was significantly more 
frequent in malignant vs. benign tumors (36.5% vs. 12.5%) compared to AA plus AG (p=0.05, RR (95%CI): 2.9 (1.0-8.8)). 
The investigated genotypes and haplotypes did not correlate with EOC CP features. In the first five years of follow-up, 
the AA vs. AC plus CC rs2032582 genotypes showed a trend toward lower PFS (median 12.3 vs. 22.2 months; p=0.076). 
Regarding AA vs. AG plus GG rs1045642 genotypes, the difference in PFS was significant (median 10.2 vs. 26.4 months; 
p<0.001). 
Conclusions: The results indicate that ABCB1 rs2032582 CC and rs1045642 GG genotypes may be risk factors for 
EOC development. Furthermore, the rs2032582 AA and rs1045642 AA genotypes could be biomarkers of disease 
progression. Larger cohorts are needed to confirm these findings.

Acknowledgments and funding: The study was supported by the Ministry of Science, Technological Development and 
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Background: The epidermal growth factor receptor (EGFR) gene polymorphism rs712829 has been associated with non-
small cell cancer (NSCLC) risk and drug response, with variability across populations. This study aimed to investigate the 
genotype and allele distributions of rs712829 across East Asian (EAS), European (EUR), and Serbian (SRB) populations, 
including an analysis of gender-based differences. 
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Materials and Methods: We analyzed genotype data from the 1000 Genomes Project (EAS and EUR populations) 
and a cohort of healthy Serbian volunteers from our previous study, focusing on the rs712829 SNP. Genotype and 
allele frequencies were calculated for each population, stratified by gender. Fisher’s exact test or chi-squared test was 
applied to assess gender-based differences in genotype and allele distributions. All analyses were performed using R 
version 4.3.3 (R Core Team, 2024) with the following packages: dplyr, tidyr, ggplot2, ggpubr, readr, and stringr. 
Results: In the EAS population, the G/G genotype predominated in both females (87.7%) and males (89.8%), with 
low frequencies of G/T (11.9% and 9.8%, respectively) and T/T (≤0.41%). In contrast, the EUR population showed 
more variability: in females, G/G occurred in 46.8%, G/T in 45.2%, and T/T in 8.0%; in males, G/G was 49.6%, G/T in 
37.9%, and T/T in 12.5%. Allele G was more frequent in EAS (F: 93.6%, M: 94.7%) than in EUR (F: 69.4%, M: 68.5%). 
Gender-based comparisons in both EAS and EUR populations showed highly significant differences in genotype and 
allele distributions (Fisher’s exact and chi-square tests, all p-values < 0.01). In the cohort from SRB population (n=40), 
genotype frequencies were G/G: 47.5%, G/T: 42.5%, and T/T: 10%. Allele G frequency was 68.8%, and allele T was 
31.2%. No statistically significant differences by gender were observed in the Serbian population for either genotype (p 
= 0.8) or allele frequencies (p=0.63). 
Conclusions: Genotype and allele distributions of EGFR rs712829 significantly differ between East Asian and European 
populations, with the EAS group exhibiting a much higher prevalence of the G allele. The Serbian population showed 
a distribution more similar to EUR, with no significant gender-based differences. These findings underline population-
specific genetic variability and emphasize the importance of considering ethnicity and sex in pharmacogenetic and 
epidemiological research involving EGFR variants.
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Background: Despite advancements in screening programs, colorectal cancer (CRC) is still frequently diagnosed 
at advanced stages. The glutathione S-transferase (GST) family of enzymes plays a key role in the detoxification of 
xenobiotics. Among them, the omega class (GSTO) is particularly important for maintaining redox homeostasis, 
regulating pro-inflammatory signaling, and modulating apoptosis and cell survival pathways. The aim of this study was 
to evaluate the possible role of gene polymorphisms of the GSTO1 and GSTO2 in the risk and prognosis of CRC. 
Materials and Methods: The study included 140 patients with a histopathologically confirmed diagnosis of CRC and 140 
age and gender-matched controls. Genomic DNA was extracted from peripheral blood using the QIAamp DNA Blood 
Mini Kit. GSTO1 (rs4925) and GSTO2 (rs156697) polymorphisms were determined using the real time PCR amplification 
method. The median follow-up of patients was 44.00 (IQR 7.5) months. 
Results: The obtained data showed thatcarriers of at least one GSTO1*A variant allele had a six-fold decreased CRC 
risk compared to those carrying the referent GSTO1*CC genotype (OR=0.16, 95%CI=0.09–0.27, p<0.001). In the case of 
the GSTO2 polymorphism, individuals with at least one variant GSTO2*G allele had a significantly decreased CRC risk 
(OR=0.59, 95%CI=0.36–0.95, p=0.029) compared to individuals with the referent GSTO2*AA genotype. Additionally, 
individuals carrying a combination of one variant allele of both GSTO1 and GSTO2 had a significantly lower CRC risk 
(OR=0.30, 95%CI=0.18–0.50, p<0.001). These findings were confirmed by a haplotype analysis; the individuals with the 
H3 haplotype, represented by one copy of the variant GSTO1 (*A) and one copy of the variant GSTO2 (*G) alleles had 
the lowest CRC risk (OR=0.42, 95%CI=0.25-0.70, p=0.001). No statistically significant effect of either GSTO1 or GSTO2 
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polymorphisms was observed in terms of overall survival in CRC patients (p˃0.05). 
Conclusions: Our results suggest that GSTO1 and GSTO2 polymorphisms may confer CRC risk.

A Case of Hereditary Hemorrhagic Telangiectasis
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Background: Hereditary hemorrhagic telangiectasia (HHT, also known as Osler-Weber-Rendu disease) is a multisystemic 
vascular disorder characterized by abnormal angiogenesis and inherited in an autosomal dominant manner. HHT is 
the second most common hereditary bleeding disorder worldwide. It affects approximately 1 in 5,000 individuals, or 
an estimated 1.4 million people globally, making it twice as prevalent as hemophilia A and 12 times more common 
than hemophilia B. HHT is characterized by vascular malformations in the nasal mucosa, skin, gastrointestinal tract, 
brain, lungs, and liver, and leads to telangiectasia in the nasal mucosa, resulting in recurrent epistaxis. This condition 
is observed in approximately 95% of HHT patients, with the average age of onset around 12 years and an epistaxis 
frequency of approximately 18 episodes per month. 
Patient: A 76-year-old male patient has experienced epistaxis since the age of 10 and oral bleeding for the past 4 
years. The patient underwent inguinal hernia surgery in 1995 and a gastric biopsy in 2023, during which no hemostatic 
complications were observed. He has a history of enoxaparin and warfarin (Coumadin) use due to atrial fibrillation. 
The patient has recurrent episodes of epistaxis and oral bleeding approximately every two weeks and a history of 
frequent erythrocyte transfusions. His hemoglobin levels have remained around 7 mg/dL. On December 8, 2023, 
bevacizumab therapy (anti-VEGF monoclonal antibody) was initiated at a dose of 5 mg/kg every two weeks. By the first 
month of treatment, his hemoglobin level had increased to 10 mg/dL, and by the second month, to 12 mg/dL. When 
bevacizumab therapy was temporarily discontinued, bleeding episodes recurred; therefore, it was decided to continue 
maintenance therapy at intervals of once every three weeks. 
Conclusion: This case demonstrates that epistaxis, one of the hallmark symptoms of HHT, can begin in childhood 
and persist into advanced age. Following bevacizumab therapy, a significant improvement in hemoglobin levels was 
achieved; however, bleeding recurred upon discontinuation of the treatment. This finding supports the potential 
efficacy of anti-VEGF therapy in managing HHT-related bleeding. Furthermore, treatment planning should be carried 
out with caution, considering comorbid conditions such as the use of anticoagulants.
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Background: X-ray repair cross-complementing protein 1 (XRCC1) and DNA repair protein RAD51 homolog 1 (Rad51) 
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are proteins involved in the repair of DNA damage. XRCC1 participates in base excision repair of DNA single-strand 
breaks caused by ionizing radiation and alkylating agents, while Rad51 plays a crucial role in the repair of double-strand 
breaks through homologous recombination. The aim of this study was to analyze the association of XRCC1 1196A>G 
and RAD51 135G>C single nucleotide polymorphisms (SNPs) with the risk of rectal cancer occurrence in Serbia, as well 
as their impact on the response to preoperative chemoradiotherapy.
Material and Methods: For XRCC1 SNP analysis, a total of 48 patients with locally advanced rectal cancer and 71 
healthy controls were included in this case–control study. For RAD51 SNP analysis, 43 patients and 71 healthy controls 
were analyzed. Restriction fragment length polymorphism analysis was used for genotyping. Statistical significance was 
set at p < 0.05.
Results: The distribution of XRCC1 1196 A>G and RAD51 135G>C genotypes in patients and controls did not deviate from 
Hardy–Weinberg equilibrium. Using both dominant and recessive models, the XRCC1 was not found to be associated 
with an increased risk of rectal cancer. Examination of the association of polymorphisms in the XRCC1 Gln399Arg gene 
with the response to therapy showed that the presence of the marker allele A carries a risk for a poor therapeutic 
outcome (OR: 0.26, 95% CI: 0.07–0.99, p = 0.044). Analysis of RAD51 135G>C polymorphism showed no statistically 
significant association with the risk of rectal cancer or response to chemoradiotherapy. However, in male patients, the 
GG genotype showed an increased cancer risk (OR: 3.72, 95% CI: 1.34–10.36, p = 0.009).
Conclusions: Although a statistically significant association of RAD51 135G>C with disease risk in the male population 
was demonstrated, a deviation from Hardy–Weinberg equilibrium was noted. This may be due to the small sample size, 
thus these preliminary findings need to be validated using a larger case–control study. This study might be useful for 
future meta-analyses and construction of multi-gene, population-specific cancer risk prediction panels.
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Background: Autophagy is a highly conserved catabolic process involved in maintaining cellular homeostasis. The role 
of autophagy in tumors (including melanoma) is still controversial since it differs during malignant transformation/
progression. Of note, autophagy is often increased in BRAF-positive melanomas where it impairs the response to 
targeted therapy. In this study, we analyzed six polymorphisms in autophagy-related genes (ATG16L1, ATG5 and ATG10) 
regarding their impact on clinicopathological characteristics and melanoma course. 
Patients and Methods: The total of 149 patients with advanced melanoma were genotyped for rs2241880, rs2245214, 
rs510432, rs1864182, rs1864183 and rs1051423. Genotyping included DNA isolation from peripheral blood and allelic 
discrimination using TaqMan genotyping SNP assays for the StepOne Plus Real Time PCR System. 
Results: Frequencies of analyzed genotypes were similar to those reported for other European populations. No 
association between ATG genotypes and clinical/pathologic characteristics was observed. However, ATG10 rs1864182 
was associated with baseline (BL) absolute neutrophil count (ANC) (CC vs. AA; p=0.047), absolute platelet count (APC) 
(C vs. AA; p=0.042), neutrophils-to-lymphocytes ratio (CC vs. A; p=0.026), monocytes-to-lymphocytes ratio (CC vs. A; 
p=0.05), neutrophils x platelets x monocytes – to lymphocytes ratio (NPM/L) (CC vs. AA; p=0.016) and neutrophils x 
platelets – to lymphocytes ratio (NP/L) (CC vs. AA; p=0.045), respectively. The ATG10 rs1864183 was associated with 
BL ANC (CC vs. G; p=0.082), absolute monocyte count (CC vs. TT; p=0.04), APC (C vs. TT; p=0.014), NPM/L (CC vs. TT; 
p=0.007) and NP/L (CC vs. TT; p=0.055), respectively. In addition, patients with at least one rs2245214 C allele had 
better progression free survival (PFS) (p=0.029), distant metastasis free survival (DMFS) (p=0.012) and overall survival 
(p=0.017), respectively. In BRAF-negative patients, the presence of rs1051423 T allele was associated with better PFS 
(p=0.012), while patients with at least one rs1864182 allele had superior DMFS. 
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Conclusions: Variations in ATG10 and ATG5 genes are associated with blood/inflammatory cells counts/ratios at BL and 
clinical course of advanced melanoma.
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Background: The development of oral cancer is a complex, multistep process involving the transformation of normal 
oral mucosa into premalignant lesions, such as oral leukoplakia with dysplasia, and eventually into oral cancer. A key 
feature of this transformation is the deregulation of small non-coding RNA molecules, microRNAs (miRNAs). The 
identification of miRNAs that are consistently deregulated at different stages of oral carcinogenesis is crucial to gaining 
deeper insights into the molecular changes involved. Our aim was to identify and characterize commonly deregulated 
miRNAs in normal oral mucosa, oral leukoplakia, and oral cancer using publicly available databases. 
Material and Methods: The National Center for Biotechnology Information Gene Expression Omnibus (NCBI GEO) was 
utilized to identify databases containing miRNA expression data from normal oral mucosa, oral leukoplakia, and oral 
cancer. Data from the GSE246050 dataset were analyzed using GEO2R software. Raw fastq files were retrieved from 
Sequence Read Archive (SRP468035). HISAT2 and StringTie were used for identification and quantification of miRNA 
transcripts. A list of miRNAs commonly deregulated was further characterised by miRNet v2.0 software. 
Results: In total 112 genes were identified as commonly differentially deregulated across normal oral mucosa, 
leukoplakia with dysplasia and oral cancer. Among them were 6 microRNA genes: MIR429, MIR6726, MIR135B, 
MIR204, MIR139 and MIR211. Analysis of expression profiles of mature transcripts of these miRNA genes, revealed 
significant changes in expression of hsa-miR-429, hsa-miR-135b-5p, hsa-miR-135b-3p, hsa-miR-204-5p, hsa-miR-139-
5p, hsa-miR-139-3p and hsa-miR-211-5p. We observed progressive upregulation of hsa-miR-429 and hsa-miR-135b-
5p/3p, while downregulation of hsa-miR-204-5p, hsa-miR-139-5p/3p and hsa-miR-211-5p in progression from normal 
oral mucosa to oral cancer. To investigate the function of all genes regulated by miRNAs, a hypergeometric test and the 
KEGG database were used. Pathways in cancer were significantly enriched with the largest number of genes. 
Conclusions: Progression from normal oral mucosa to oral cancer might be characterized by up-regulation of hsa-
miR-429, hsa-miR-135b-5p/3p and down-regulation of hsa-miR-204-5p, hsa-miR-139-5p/3p and hsa-miR-211-5p. 
These results are good starting point for further validation of miRNA candidates in oral carcinogenesis in a larger group 
of clinical samples.

Acknowledgments and funding: This study was supported by the Ministry of Science, Technological Development and 
Innovation of the Republic of Serbia [grant agreement: 451-03-137/2025-03/200178].

P33



114

Oncology InsightsSDIRSACR

P34

Beyond coding sequences: the role of the long non-coding RNA NBAT1 in HPV-positive cancer samples 
and cell lines
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Backround: Long non-coding RNAs (lncRNAs) are RNA transcripts longer than 200 nucleotides that, despite lacking 
coding potential, regulate diverse biological processes, including epigenetic modifications, transcription, and translation. 
The human genome contains approximately 15,000 lncRNA genes, with most of their functions still unknown. Recent 
studies have highlighted their involvement in pathological states, particularly in cancer. HPV oncoproteins E6 and E7 
are known to alter the expression of over 1,400 lncRNAs, although the biological significance of many of them remains 
unclear. This study aimed to investigate the role of selected lncRNAs in HPV-associated head and neck malignancies, 
comparing them with cervical samples to determine whether HPV's effects are site-specific or universal. 
Materials and methods: Based on literature and database searches, lncRNAs interacting with proteins implicated in 
HPV-driven carcinogenesis (MMP7, CDH1, GLI1, and KRT18) were identified, leading to the selection of five lncRNAs 
(FEZF1-AS1, FUNDC2P4, GAS5, FOXCUT, and NBAT1) for further analysis. Total RNA was extracted from tumor samples 
and cell lines and analyzed via RT-PCR. 
Results: NBAT1 emerged as the most promising candidate, showing increased expression with higher tumor grade in 
head and neck cancers and significantly lower expression in HPV-positive tumors (p = 0.05). Due to the limited number 
of cervical lesion samples, no clear trend was observed in that group. Additional analyses in HPV+ and HPV- cell lines 
revealed no statistically significant differences in NBAT1 expression, although HPV- cervical cancer cells (C33A) showed 
a trend toward higher expression. A plasmid encoding NBAT1 was used to transfect various cell lines, and functional 
assays indicated that NBAT1 overexpression affected cell proliferation and migration. Finally, neither silencing of HPV16 
and HPV18 E6/E7 in HeLa and CaSki cells nor overexpression of these oncoproteins in C33A cells significantly altered 
NBAT1 levels, suggesting that its expression is regulated by alternative mechanisms. 
Conclusions: These findings position NBAT1 as a potential biomarker in HPV-related head and neck cancers and support 
further investigation into its role in HPV-independent tumor progression.

Acknowledgments and funding: This project was funded through the European Union Next generation plan.
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Diagnostic potential of SMAD7 and SMAD4 expression and their ratio in locally advanced rectal cancer 
and colorectal liver metastasis
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Background: Given the important role of SMAD signaling in mediating the TGF-β pathway activity in cancer, and the 
critical functions of both the inhibitory SMAD7 and the common mediator SMAD4 in this process, this study investigated 
the diagnostic relevance of the mRNA expression levels of these two genes and their ratio in locally advanced rectal 
cancer (LARC) and colorectal liver metastases (CLM). 
Patients and Methods: Relative expression levels of SMAD7 and SMAD4 were measured in tumor and corresponding 
non-tumor tissues from 19 LARC and 16 CLM patients using quantitative real-time PCR (qPCR) and normalized to 
the housekeeping gene GAPDH. To evaluate the potential of the investigated gene expression levels and their ratio 
in distinguishing tumor from matched non-tumor tissues in LARC and CLM, Receiver Operating Characteristic (ROC) 
analysis was performed, and their translational value as diagnostic biomarkers was assessed based on the area under 
the curve (AUC), 95% confidence intervals (CI), and p-values. AUC values below 0.6 were considered poor, between 0.6 
and 0.7 fair, 0.7 to 0.8 good, 0.8 to 0.9 very good, and above 0.9 excellent for the discriminatory power of the biomarker. 
Optimal cut-off values for differentiating tumor from non-tumor tissue were determined for each expression pattern 
using the maximum value of Youden's index (Youden's index = sensitivity + specificity – 1). Expression patterns were 
considered useful biomarkers if AUC>0.600 and p<0.05. 
Results: In LARC patients, SMAD4 gene expression and the SMAD7/SMAD4 ratio demonstrated good diagnostic 
potential for distinguishing tumor from matched non-tumor tissue (AUC=0.731, p=0.015 and AUC=0.745, p=0.010, 
respectively), whereas SMAD7 expression alone did not perform well as a diagnostic biomarker (AUC=0.593, p=0.328). 
In CLM patients, SMAD7 and SMAD4 expression showed good to excellent diagnostic performance in distinguishing 
metastatic from matched non-tumor liver tissue (AUC=0.719, p=0.035 and AUC=0.973, p<0.0001, respectively), while 
the SMAD7/SMAD4 ratio did not prove to be a reliable diagnostic biomarker (AUC=0.629, p=0.214). 
Conclusions: SMAD4 expression and the SMAD7/SMAD4 ratio showed promising diagnostic potential in LARC, while 
both SMAD7 and SMAD4 expression demonstrated strong discriminatory power in CLM, underscoring the need for 
validation in larger, independent patient cohorts.

Acknowledgments and funding: This work was supported by the strategic project of the Serbian Academy of Sciences 
and Arts “Molecular basis of response to chemoradiotherapy in rectal cancer – MOHERATEKA” (F-69), and the Ministry 
of Science, Technological Development and Innovation of the Republic of Serbia (Grant No. 451-03-137/2025-03/ 
200110).

ALDOA-212 noncoding transcript – a potential biomarker for colorectal cancer
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Background: Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer-related 
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deaths worldwide. Aldolase A (ALDOA) has been linked to CRC progression by influencing cell proliferation and metastasis. 
Recently, noncoding transcripts of protein-coding genes have been reported as promising diagnostic and prognostic 
CRC biomarkers. The aim of this study was to obtain a transcriptional profile of ALDOA-212 (ENST00000566130.1), 
a noncoding transcript with a retained intron, in malignant and non-malignant cell lines and their subcellular 
compartments (nucleus, cytoplasm and exosomes), as well as in patients’ tumorous and healthy epithelial tissues. 
Patients and Methods: Malignant HCT116, DLD-1, and SW620 and non-malignant human colon epithelial cell line 
HCEC-1CT were cultivated in 3D as spheroids for 7 days. Tumorous tissues and samples of healthy mucosa from 5 CRC 
patients were collected at the Clinic for Digestive Surgery, University Clinical Centre of Serbia. Total and compartmental 
RNA was extracted using commercial kits. RNA sequencing was performed on ribosomal-depleted total RNA from cell 
lines using Illumina's NovaSeq6000 platform. Patients’ total RNA and compartmental RNA from cell lines were analyzed 
by qPCR. ALDOA-212 expression levels were also examined using available human databases via UCSC Xena Functional 
Genomics Explorer, comparing primary tumor (TGCA Colon Adenocarcinoma database) with normal tissue (GTEx Colon 
database; total of 596 samples), as well as with solid normal tissue (TGCA Solid Tissue Normal database; total of 329 
samples). Additionally, AnnoLnc2 and lncLocator tools were used to assess the potential subcellular localization. 
Results and Conclusions: ALDOA-212 was upregulated in all three malignant cell lines compared to non-malignant cell 
line, while it was marginally downregulated in patient’s tumorous tissue in comparison to healthy mucosa (p=0.06). 
Comparisons among larger available datasets showed no statistically significant difference between malignant 
and normal tissues. ALDOA-212 was predicted to be localized in the nucleus or cytosol. However, we detected this 
transcript in all examined compartments in HCEC-1CT and HCT116 cell lines. In DLD-1, it was detected in the nucleus 
and exosomes, while in SW620, it was found exclusively in exosomes, suggesting its metastatic potential. CRC diagnostic 
and prognostic significance of ALDOA-212 requires further confirmation and functional characterization.

Acknowledgments and funding: This work was funded by the Ministry of Science, Technological Development and 
Innovation of the Republic of Serbia (Contract No. 451-03-136/2025-03/200042), and by the Science Fund of the 
Republic of Serbia (PROMIS, #6052315, SENSOGENE).

Analysis of Variants in Cytochrome P450 Superfamily Genes as Predictive Markers for Neoadjuvant 
Chemoradiotherapy in Rectal Cancer
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Background: Patients with locally advanced rectal cancer (LARC) often receive neoadjuvant chemoradiotherapy (nCRT) 
based on 5-fluorouracil (5-FU). Cytochrome P450 (CYP) enzymes, involved in drug metabolism and carcinogenesis, 
may influence response to therapy. Variability in CYP gene expression makes them promising biomarkers for predicting 
treatment outcomes in rectal cancer. 
Material and methods: Genomic DNA from 38 LARC patients treated with standard nCRT (fluorouracil + leucovorin 
+ radiotherapy) was analyzed. Clinical response was assessed by tumor regression grade (TRG). Seven patients with 
extreme responses – good (3 TRG1 and 2 TRG2) and poor (2 TRG5) were selected for whole-exome sequencing (WES). 
Candidate predictive variants were identified based on their differential presence between responder and non-
responder groups and biological relevance (localization in coding region or regulatory elements and enzyme-altering 
effects). Selected variants were validated in 29 moderate-response patients (15 TRG3 and 14 TRG4) by targeted 
sequencing. 
Results: Two genetic variants were selected according to the criteria outlined above: rs149012039, which is located 
within the CYP2D7 pseudogene and represents a frameshift variant, and rs3093200, which is located in the first exon 
of the CYP4F2 gene and has a damaging effect on the protein. Validation in the remaining samples showed that neither 
variant was present in patients with a moderate response to therapy. 
Conclusions: The presence of variants rs149012039 and rs3093200 in individuals with a good clinical response and 
their absence in individuals with a moderate or poor response supports their potential as predictive biological markers 
for response to nCRT in rectal cancer.
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Background: It is well established that redox homeostasis plays an important role in both the development and 
progression of cancer. Glutathione peroxidase 1 (GPX1) seems to be one of the main regulators of intracellular hydrogen 
peroxide (H2O2) levels. By altering its enzymatic activity, the GPX1 gene polymorphism might affect H2O2 concentration, 
thus, alternating signaling pathways involved in apoptosis and cell proliferation. The aim of this study was to evaluate 
the possible prognostic role of GPX1 rs1050450 gene polymorphism in patients with prostate cancer (PC). 
Material and Methods: Total of 235 Serbian patients aged 68.84 ± 6.95 with pathohistologically confirmed prostate 
cancer were included in this study. DNA was isolated from whole blood and GXP1 rs1050450 gene polymorphism was 
determined by real-time polymerase chain reaction (PCR). To address the possible prognostic role of this polymorphism, 
patients’ survival outcomes were followed from 2014-2022. For the analysis of the overall survival, Kaplan-Meier curves 
were generated. Two distinctive models were composed to inspect not only the independent, but also the combined 
effect of this gene polymorphism with known prognostic risk factors to evaluate the hazard ratio (HR) for the fatal 
outcome.
Results: Most patients had prostate-specific antigen (PSA) over 20 ng/mL at the time of diagnosis and Gleason score 6. 
During the follow-up period of eight years, 13 (5%) patients were lost. Patients with GPX1*ProPro genotype, indicating 
those with higher enzymatic activity, lived significantly shorter than those carrying at least one GPX1*Leu allele, 
indicating lower enzymatic activity (p = 0.031). When analyzed independently, GPX1*ProPro genotype conferred 1.6 
times higher risk for fatal outcome (HR = 1.65; 95% CI = 1.04 – 2.60; p = 0.034). However, when Gleason score and PSA 
were included into the analysis, this risk increased to ~2.5 times (HR = 2.40; 95% CI = 1.36 – 4.24; p = 0.003). 
Conclusions: Carriers of GPX1*ProPro genotype that have developed PC live shorter than those with at least one 
GPX1*Leu allele. Likewise, they have an increased risk of fatal outcomes, both independently and when combined 
with other prognostic risk factors. These results suggest that GPX1 rs1050450 gene polymorphism might be used as a 
prognostic biomarker in patients with prostate cancer.
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Investigation of hsa_circ_0044969 mediated regulation of PPM1D gene expression in breast cancer
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Background: Breast cancer is one of the most common types of cancer. It has been published that its pathology 
has been associated with the dysregulation of numerous genes, environmental factors and various epigenetic 
mechanisms. Among the epigenetic factors, noncoding RNAs have emerged as important players in breast cancer 
pathology. The importance of circular RNAs, covalently closed noncoding RNAs, has increasead in recent years, since it 
has been understood that one of their functions is to sponge miRNAs and prevent them from binding to target mRNAs. 
PPM1D (protein phosphatase, Mg2+/Mn2+ dependent 1D) is one of the negative regulators of the cell stress response 
and was associated with aggressive tumors. 
Materials and Methods: In this study, we aimed to investigate the expression profile of hsa_circ_0044969 and explore 
its potential role as a regulator of PPM1D through circRNA-miRNA-mRNA axis in breast cancer. MCF7 and MDA-MB-231 
breast cancer cell lines, along with the normal breast epithelial cell line MCF10A, were used as study samples and the 
expression levels of has_circ_00449696 and PPM1D were measured by qRT-PCR. 
Results: Both PPM1D mRNA and hsa_circ_00449696 are upregulated in breast cancer cell lines compared to normal 
breast epithelial. The expression profile of hsa_mir_1299 revealed downregulation only in MCF7 cells compared to 
normal. 
Conclusions: Our results show that the expression levels of both hsa_circ_0044969 and PPM1D increase in a parallel way 
in breast cancer. Further investigation is required to elucidate the molecular mechanisms underlying this correlation, 
particularly within the circRNA-miRNA-mRNA regulatory axis.

HRD testing doubled the number of ovarian cancer patients eligible for PARP inhibitor therapy
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Background: Ovarian cancer remains one of the most lethal gynaecological cancers, with very few symptoms and a five-
year survival rate of about 40%. Treatment options are scarce, consisting of surgery and platinum-based chemotherapy 
in the first-line setting, with potential PARP inhibitor use for patients with mutations in BRCA1/2 genes. In patients 
with ovarian cancer, since 2025 in Serbia, the deficiency of the homologous recombination repair pathway (HRD) is a 
predictive biomarker for the use of PARP inhibitors in newly diagnosed patients.
Materials and methods: The starting material was FFPE tissue from ovarian cancer patients sent for HRD testing 
from all health centers in Serbia. The total number of HRD tested patients was 203, and testing was performed in 
the Laboratory for Molecular Genetics at IORS or in the private molecular diagnostic laboratory – Genotypos Science 
Labs in Greece. For evaluating HRD status, we used the SophiaDDM Dx HRD solution kit that covers 28 HRR genes 
and evaluates the genomic instability signature (GIS) by lpWGS. GIS>0 and/or mutations in BRCA1/2 were considered 
HRD-positive samples. In the Genotypos laboratory, the AmoyDx HRD Focus Panel was used, which covers BRCA1/2 
genes, and the cut-off for GSS was 50. Testing was performed by NGS using the NextSeq500 system (Illumina). Pair-end 
reading was used, and a cut-off of 5% for the variant allele frequency was applied with minimum coverage of 400x. The 
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Sophia DDM program, ANDAS Data Analyzer, and manual database searches were used for data analysis interpretation 
of pathogenicity.
Results: A group of 162 samples (79.8%) was tested at IORS, and 41 (20.2%) were outsourced. In 40 patients (19.7%), 
a BRCA1/2 deleterious variant was found, and those patients were classified as eligible for treatment with PARPi. 
Additionally, 47 patients (23.15%) who were BRCA1/2 WT were HRD-positive, were also eligible for the same treatment. 
Median GSS for AmoyDx was 29.6, and for SophiaDDM, the median GIS in the positive group was 7.2. In the cohort 
tested at IORS, we analysed alterations in other genes from the HRR pathway. TP53 gene status was described as WT in 
9.87%, VUS in 16.67%, and deleterious in 73.46% of samples. The total number of deleterious variants found in other 
HRR genes was 67, with the highest frequency in PALB2 (24%), PTEN (15%), CHEK2 (13%), etc.
Conclusions: By implementing HRD testing in the diagnostic procedure, the number of patients who could benefit from 
PARPi treatment was doubled.

Acknowledgments and funding: We acknowledge AstraZeneca for donating the BRCA and HRD tests used in this 
nationwide testing. The study was designed, initiated, and conducted independently by Institute for Oncology and 
Radiology of Serbia without sponsorship or involvement from AstraZeneca.
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Basic properties of extracellular vesicles from cerebrospinal fluid of subjects with non-malignant and 
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Background: Cerebrospinal fluid (CSF) is a clear fluid with low protein content, widely used for both diagnostic and 
prognostic purposes. Although extracellular vesicles (EVs), small particles with a bilayer membrane, are present in 
CSF, data regarding their properties remain scarce. In this study, EVs were isolated from CSF of subjects with non-
malignant (hydrocephalus) and malignant (medulloblastoma/ependymoma) neurological disorders to compare their 
concentration, size distribution, and surface presence of sialic acid-containing glycans. This study aims to provide 
preliminary data on the potential of basic CSF EVs properties as discriminating markers. 
Material and Methods: EVs were isolated from pooled CSF samples of subjects with non-malignant (nmEVs) and 
malignant (mEVs) neurological disorders by differential centrifugation. Fluorescently labeled sialic acid-binding plant 
lectins: wheat germ agglutinin (WGA) and Sambucus nigra agglutinin (SNA) were used in nanoparticle tracking analysis 
(NTA) to assess EVs surface sialylation. The presence of tetraspanins, commonly used as EVs markers, was evaluated 
using antibodies against CD9, CD81, and CD63. 
Results: Higher concentration of mEVs (1.08×10¹¹ particles/mL) compared to nmEVs (1.50×10¹⁰ particles/mL) was 
revealed. Size distribution showed that the majority of EVs in both subject groups fell within the 100-200 nm range. 
The share of CD9-positive EVs was five times higher in nmEVs compared to mEVs, while the share of CD81-positive EVs 
did not differ notably between the two groups. Anti-CD63 antibody exhibited minimal reactivity to both nmEVs and 
mEVs. The share of WGA-reactive EVs was similar between nmEVs and mEVs, whereas the share of SNA-reactive EVs 
was over three times higher in mEVs. 
Conclusions: An increased share of SNA-reactive mEVs, indicating changes in sialylation, was found. In addition, a 
reduced share of CD9-positive mEVs was observed. Alterations in basic CSF EVs properties may serve as potential 
markers of their origin.

Acknowledgments and funding: This work was supported by the Ministry of Science, Innovation and Technological 
Development of the Republic of Serbia [Grant No. 451-03-136/2025-03/200019].
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Circulating extracellular vesicles in liver and pancreatic cancer: an initial assessment of sialylation
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Background: Extracellular vesicles (EVs) are cell-derived, membrane-surrounded vesicles that carry various bioactive 
molecules and deliver them to recipient cells. They are considered mini-maps of their cells of origin. Altered tissue/cell 
glycosylation is a hallmark of different cancers but little is known about how these changes affect circulating EVs. One 
of the most prevalent changes is sialylation, the addition of sialic acid (Sia) to galactose or N-acetylgalactosamine at the 
terminal position of glycan chains. Starting from data on the changes in sialylation of liver and pancreatic cancer tissues, 
this study aimed to assess whether these changes are mirrored in related circulating EVs, specifically within large EV 
populations, previously indicated to comprise cancer-derived vesicles. This is important issue regarding designation of 
introductory studies of the functional and biomarker potential of these EVs. 
Materials and Methods: Serum samples were collected from patients with hepatocellular carcinoma (HCC, n 
= 5), pancreatic cancer (PC, n = 10), and healthy donors (HD, n = 10). Circulating EVs were isolated by differential 
centrifugation and ultracentrifugation. Their size distribution was analyzed using nanoparticle tracking analysis (NTA). 
Surface sialylation was assessed by fluorescent NTA (f-NTA) using Sambucus nigra agglutinin (SNA) and wheat germ 
agglutinin (WGA), which have distinct requirements for binding Sia residues. Statistical analyses were performed 
through GraphPad Prism 8.0 applying the Kruskal-Wallis test. 
Results: Median (IQR) EV sizes from HCC (146 nm (144.5-150.8 nm)) and PC (155.5 nm (151.5-160.4 nm)) were 
significantly higher than those from HD (126.4 nm (123.3-128.9 nm)) (P < 0.001). Large EVs (>200 nm) were more 
abundant in cancers (~30%) compared to HD (~10%). There was no statistically significant difference (P > 0.05) in the 
sizes of SNA- and WGA-reactive EVs between cancers and HD. The proportion of SNA-reactive large EVs was similar 
between cancer patients and HD (~40%), whereas the proportion of WGA-reactive large EVs was similar between HCC 
and HD (~30%), but reduced in PC (~20%). 
Conclusions: The median EVs size and the ratio of large EVs were increased in both HCC and PC in comparison to 
HD. This increase is accompanied by the changes in surface sialylation seen as decrease in sialic acid-binding lectins 
reactivity, notably in PC. The changes in EVs sialylation were opposite to those detected in liver and pancreatic cancer 
tissue.
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Development of the Republic of Serbia [Grant No. 451-03-136/2025-03/200019].
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Background: Immune checkpoint inhibitors (ICI), applied as a monotherapy or in combination regimens, demonstrated 
significant survival benefits in patients with advanced melanoma, However, a significant proportion of patients fail to 
respond to ICI or experience relapse after an initially successful response. Detection and quantification of circulating 
tumor DNA (ctDNA) has been considered a promising prognostic biomarker in melanoma patients treated with ICI. 
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Since detection/quantification of low levels of disease in plasma is still challenging regarding analytical and clinical 
validations, we assessed association of baseline ctDNA presence/level with the clinical course of melanoma. 
Patients and Methods: The study included 61 patients with BRAF-positive melanoma in clinical stage III/IV. All patients 
received ICI as adjuvant/neoadjuvant therapy. Cell-free DNA (cfDNA) was extracted from plasma samples using the 
MagCore Plasma DNA Extraction Kit (1.2 mL). CtDNA was quantified via BRAF V600 mutation using the QIAcuity Digital 
PCR System. 
Results: Patients with detectable ctDNA more frequently experienced disease progression (p=0.06). The average 
fraction of variant allele (VAF) was significantly higher in patients who experienced disease progression (0.15 vs. 0.06; 
p=0.02). When VAF of 0.15 was used as cut off (also obtained by ROC analysis), superior duration of progression free 
survival and overall survival were observed in patients with VAF < 0.15 (median PFS 13.91 vs. 1.64 months, p=0.02; 
median OS 18.91 vs. 7.63 months, p=0.041). 
Conclusions: The ctCNA presence/fraction at baseline may be considered as a marker of poor prognosis. In order to 
confirm these findings, a larger cohort of patients is needed to allow broader statistical analyses.
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Miodrag Vukovic1, Lidija Filipovic2, Nina Petrovic1,3, Andrej Zecevic4, Maja Kosanovic5, Miljana Tanic1, Radmila 
Jankovic1, Tatjana Stanojkovic1, Milica Popovic2, Aleksandra Korac6, Sanja Stevanovic7, Milena Cavic1

1Department of Experimental Oncology, Institute for Oncology and Radiology of Serbia, Belgrade, Serbia
2Department of Biochemistry, Faculty of Chemistry, University of Belgrade, Belgrade, Serbia
3Laboratory for Radiobiology and Molecular Genetics, Department of Health and Environment, "VINČA" Institute of Nuclear 
Sciences-National Institute of the Republic of Serbia, University of Belgrade, Belgrade, Serbia
4Clinic for Pulmonology, University Clinical Center of Serbia, Belgrade, Serbia
5Institute for the Application of Nuclear Energy, INEP, University of Belgrade, Belgrade, Serbia
6Faculty of Biology, University of Belgrade, Belgrade, Serbia
7Institute of Chemistry, Technology and Metallurgy, Department of Electrochemistry, University of Belgrade, Belgrade, Serbia

Keywords: Carcinoma, Non-Small-Cell Lung, Extracellular Vesicles, Pleural Effusion

Background: Pleural effusion (PE) is a frequent complication of lung cancer (LC), occurring in up to one-quarter of 
patients. Despite being routinely sampled for diagnostic cytology, its sensitivity is often insufficient, leaving a need 
for complementary molecular approaches. Small extracellular vesicles (sEVs) from PE are enriched in tumor-related 
proteins and RNAs and could serve as a form of liquid biopsy. Most studies have relied on ultracentrifugation (UC), but 
this method yields low-purity isolates, often unsuitable for proteomic profiling. Improved results were obtained by 
combining UC with size-exclusion chromatography (UC-SEC), while ExoProK introduced Proteinase K pretreatment to 
reduce contaminants. Nevertheless, clinically feasible and standardized protocols for PE-derived EVs are still missing. 
Within the EXPAND-EV EU project, we focused on EV isolation from PE of patients with advanced non-small cell lung 
cancer (NSCLC), evaluating methods which emphasize minimal input volume, short turnaround time, and compatibility 
with downstream omics.  
Materials and Methods: sEVs from PE samples were isolated by three approaches: (1) an in-house spherical porous 
methacrylate-based polymer functionalized with VHH antibodies (chromatography-based method, CH), (2) UC, and 
(3) a commercial Norgen kit (CK). Vesicles were characterized using nanoparticle tracking analysis (NTA), transmission 
electron microscopy (TEM), atomic force microscopy (AFM), and flow cytometry for CD9 expression. Methods were 
compared for efficiency, purity, and clinical applicability. 
Results: Both CH and CK enabled isolation from as little as 1 mL, while UC required ≥12 mL. CK was the fastest, followed 
by CH, whereas UC was time-consuming. CH yielded the highest particle counts and cleanest profiles, with UC producing 
the lowest yield and greatest protein contamination. TEM, AFM, and flow cytometry confirmed vesicular morphology 
and integrity, with CH isolates showing the highest purity. 
Conclusions: CH and CK approaches are practical alternatives to UC, enabling efficient EV isolation from small PE 
volumes. CH isolates are suitable for proteomics, while CK combines speed with RNA recovery, supporting transcriptomic 
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analysis. LC-MS/MS profiling of PE-derived vesicles using the Norgen kit with additional pretreatment with Proteinase 
K (as in ExoProK) or a CK-SEC combination to enhance purity may help establish PE-derived EVs as a valuable source for 
biomarker discovery in LC.
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Background: In patients with metastatic colorectal cancer (mCRC) who progressed to anti-EGFR monoclonal antibody 
(mAb) therapy, such as cetuximab and panitumumab, a rechallenge with the same agents is becoming a promising 
approach. Although patients demonstrate objective progression during the anti-EGFR treatment, emerging findings 
suggest that anti-EGFR-resistant clones decay, enabling the possibility of a rechallenge strategy (1). A key step for a 
deeper understanding of clinical progression in patients is the identification of mechanisms of secondary resistance 
to anti-EGFR mAb therapies. Limited data are currently available on the resistance mechanism that develops during 
the anti-EGFR treatment. Intratumoral heterogeneity is assumed to play a significant role in mCRC progression. During 
anti-EGFR therapy, subclones continuously arise through genomic mutations, resulting in faster disease progression 
and poorer overall survival (OS) in patients (2).  Santini et al. (3) demonstrated that the reuse of cetuximab was a 
potentially effective strategy in patients with mCRC who had previously achieved clinical benefit from cetuximab-based 
therapy. A sufficiently lengthy treatment-free period, of a minimum of four and optimally longer than six months, 
should be provided. This study was the first to lay the groundwork for the hypothesis that acquired resistance to anti-
EGFR therapy may be reversible and that, after a break from the therapy, the tumor may become sensitive again, which 
improves subsequent response and increases patient free survival (PFS). European and American health authorities 
have restricted the use of cetuximab and panitumumab, as mono- or in combination with chemotherapy, only to 
patients with wild-type (wt) RAS gene status (4). As with first-line treatment, confirmation of wt KRAS/NRAS gene 
status is recommended for anti-EGFR mAb reintroduction (5). Mutations in the BRAF gene are also recognized as 
negative prognostic markers in the response to the anti-EGFR therapy, and according to the  European Society For 
Medical Oncology (ESMO) guidelines, testing for mutations in the BRAF gene is also recommended (6). The preferred 
method for selecting patients for the rechallenge strategy, but also for detecting mutations and monitoring secondary 
resistance, is liquid biopsy (LB). LB is a minimally invasive technique that shows promise in identifying various molecular 
changes crucial for achieving an effective response to treatment.
In our research, we aimed to analyze the distribution of mutations and characteristics of circulating tumor DNA (ctDNA) 
in plasma samples from patients who developed resistance to the anti-EGFR antibodies. This study may enhance our 
understanding of the mechanisms underlying the evolution of resistance to targeted therapies.
Materials and methods: Samples were collected from 25 patients (17 male/8 female), potential candidates for 
rechallenge therapy, over a period of 7 months. The median age of the study population was 64 years (range: 40-
80 years). Among the 25 patients enrolled, 15 received cetuximab and 10 received panitumumab, before disease 
progression. Patients were included if the previous anti-EGFR therapy had been applied for at least 6 months. According 
to Santini's hypothesis (3), blood was sampled at least 4 months after receiving the last mAb-based therapy. The blood 
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was collected in anticoagulant tubes (EDTA/PAXgene tubes), from which plasma was separated by centrifugation at 
2000g at 4oC for 10 minutes, according to the protocol. Circulating free DNA (cfDNA) was extracted using the QIAamp 
MinElute ccfDNA Mini Kit (Qiagen, Hilden, Germany) from a plasma volume of 4ml, and the concentration of cfDNA was 
measured using the Qubit™ 4 Fluorometer with the Qubit™ dsDNA HS Assay Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). The extracted samples were subjected to mutation testing using the KRAS Mutation Test v2 (LSR) and/
or BRAF/NRAS Mutation Test (LSR) (Roche Diagnostics, Mannheim, Germany), a qPCR-based method designed to 
detect somatic mutations in the KRAS, NRAS, and BRAF genes. Both tests are designed to include detection from DNA 
extracted from Formalin-Fixed Paraffin-Embedded (FFPE) tissue and blood. The KRAS Mutation Test v2 was designed to 
detect the following mutations: G12X and G13X in exon 2; A59X and Q61X in exon 3; A117X and A146X in exon 3. The 
BRAF/NRAS Mutation Test was intended to detect NRAS mutations in the same codons as well as in the KRAS gene, and 
also BRAF mutations in codons 469 (exon 11) and 600 (exon 15). 
Results: The concentration of cfDNA was from 0.106 to 29 ng/µl. Variant allele frequency (VAF) values ​​ranged from 
10.5 to 23.5. In patients who had received cetuximab, 12 (80%) had at least one mutation, whereas 3 (20%) had no 
mutations in any examined genes. In the group of patients who had received panitumumab, 6 (60%) showed one or 
two mutations, whereas 4 (40%) did not harbor mutations in any of the examined genes. When considering both drugs, 
a total of 27 mutations in the KRAS and NRAS genes mutations were detected, in the following order for KRAS gene: 
8 (29.63%) in codon 12, 7 (25.93%) in codon 61, 2 (7.41%) in codon 13, 1 (3.7%) in the codon 59, and also 1 (3.7%) 
in the codon 146. Also, for the NRAS gene, detected mutations were as follows: 6 (22.22%) in codon 13, 1 (3.7%) in 
codon 12, and 1 (3.7%) in codon 61. All wt KRAS patients were subsequently tested for the presence of NRAS and BRAF 
mutations. Of the 15 patients who received cetuximab, 8 (53.33%) showed at least one mutation in exon 2,3, or 4 in the 
KRAS gene. For four patients with detected KRAS mutations, a further analysis was performed for BRAF/NRAS genes to 
examine tumor heterogeneity. Only in one patient, who received cetuximab, four concurrent KRAS mutations (G12X, 
A59X, A146X, Q61X) were detected, three mutations in NRAS (G12X, G13X, Q61X), as well as a mutation in exon 11 
of the BRAF gene. This was the only patient in the entire cohort with a confirmed BRAF mutation, accounting for 4% 
mutated BRAF of the total of 25 patients. Overall, when considering both drugs, as well as the presence of mutations 
in both genes, 18 (72%) patients had at least one mutation, while in 7 (28%) patients, no mutation was detected in the 
KRAS/NRAS/BRAF genes.
Conclusion: The initial results of our research suggest that NRAS gene mutations — particularly at codon 13 — are 
increasingly recognized as contributors to resistance in the context of rechallenge therapy. When examining tissue 
samples taken before the previous line of anti-EGFR therapy, the prevalence of NRAS mutations is notably low, 
ranging from 3% to 5% (7).  Although these findings need validation in larger patient cohorts, they indicate that 
NRAS mutations could be a key factor in the development of resistance to the anti-EGFR treatments. The occurrence 
of multiple mutations in individual patients underscores the genetic heterogeneity of CRC, which represents a key 
hallmark of the disease and may play a pivotal role in the development of therapeutic resistance. The underlying 
mechanisms may involve alterations in the mutational landscape that promote the emergence of secondary resistance 
mutations, as well as selective pressure induced by anti-EGFR therapies, which allow previously minor clones to persist 
(8). Additionally, we observed that 72% of patients still harbor at least one mutation in the KRAS or NRAS gene even 
after 4 months without therapy. The higher percentage of mutations acquired after receiving cetuximab compared 
to panitumumab also provides an opportunity to further investigate the role of KRAS/NRAS/BRAF mutations in the 
acquisition of resistance to both drugs in patients with mCRC. Ultimately, rechallenging with the same anti-EGFR 
antibody-mAb-based therapy at the right time may offer new clinical benefits for mCRC patients, potentially delaying 
disease progression and improving treatment outcomes.
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Introduction: This retrospective study evaluated the efficacy of neoadjuvant immune checkpoint inhibitors (ICIs) in 
patients with localized and locally advanced colorectal cancer (CRC). The research focused on microsatellite instability-
high (MSI-H) tumors, which are known to respond well to immunotherapy. The study aimed to assess clinical and 
pathological responses, toxicity, and survival outcomes in this patient population.
Materials and Methods: From October 2020 onwards, 220 patients with localized or locally advanced CRC were screened, 
of whom 36 (16.4%) had MSI-H tumors. Among these, 24 patients (66.7%) received neoadjuvant immunotherapy, while 
11 underwent surgery without neoadjuvant treatment, and 1 was excluded due to severe comorbidities. The cohort 
included patients with varying tumor stages (T2–T4, N0–N2) and locations (right/left colon, rectum). Immunotherapy 
regimens included nivolumab (54.2%), pembrolizumab (29.2%), prolgolimab (4.2%), ipilimumab+nivolumab (8.3%), 
and FOLFOX+nivolumab (4.2%). The median number of cycles administered was 5 (range: 2–31).
Results: Among all 24 treated patients, the objective response rates were: complete response (CR) in 12.5%, partial 
response (PR) in 33.3%, and stable disease (SD) in 45.8%. One patient (4.2%) experienced progressive disease (PD). 
Of the 16 patients who underwent surgery, 50% achieved a pathological complete response (pCR). Toxicity was 
manageable, with grade 1–2 adverse events occurring in 25% of patients, while one patient died due to severe toxicity 
(grade 5). At a median follow-up of 14.4 months, median progression-free and overall survival were not reached, with 
only one case of disease progression post-surgery.
Conclusions: Neoadjuvant immunotherapy demonstrated high efficacy in MSI-H CRC, with a notable pCR rate of 50% 
among operated patients. However, challenges remain, including the need for faster MSI testing and unresolved 
questions regarding the necessity of surgery for patients with clinical CR and the role of adjuvant therapy. These 
findings support further investigation into optimizing treatment protocols for this patient subset.
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Background: Most studies prove the special need for comprehensive physical, psychological and social 
rehabilitation for cancer patients. At the same time medical institutions accompany patient at the first 
stages: medical and early postoperative. In this regard, the involvement of non-profit organizations 
and charity funds in developing the accessibility of the oncorehabilitation system is extremely relevant. 
Materials and methods: From 2019 to 2025 the study with a retrospective analysis includes projects and initiatives 
implemented by regional public non profit organization «Together we are stronger» for cancer patients on the basis of 
key medical oncological institutions of St. Petersburg.
Results: During the five-year period more than 15,000 cancer patients were covered by specialized programs in 
psychological, physical and social rehabilitation. Among the main implemented projects: weekly group classes in 
physical therapy and Scandinavian walking, weekly aquaerobic classes with a visit to gala cameras, regular individual 
and group classes with psychologists using various art therapy techniques (metaphorical cards, fairy-tale therapy, 
psychodrama, sand therapy etc.), as well as neurographs, psychological support of patients at their first appointment 
to cancer center, regular meetings with chefs and culinary master classes for cancer patients on proper nutrition, 
nutritional support and formation of food habits, as well as online vibrations with dietary and nutritionists doctors. 
Additionally, 10 «field» programs of complex rehabilitation in groups combining both exercise therapy (Scandinavian 
walking, gypsum, yoga) and psychological training were conducted at sanatoriums of St. Petersburg. 
Regular conferences in «Patients' school» format on treatment and recovery after cancer on the basis of key St.Petersburg 
medical institutions. In addition, «Together we are stronger» develops and publishes recommendations for cancer 
patients receiving drug treatment, radiation therapy, recommendations for nutritional support and balanced nutrition 
during anticancer therapy, as well as psychological manuals.
Conclusions: AThe involvement of non-profit organizations and charity funds in the process of comprehensive 
rehabilitation of cancer patients allows to create a continuous process of psychological, physical and social restoration 
and better informing for patients and their family regarding the diagnostics, treatment and rehabilitation after 
anticancer therapy.

Dietary modulation of inflammation in breast cancer patients on aromatase inhibitors:  randomized 
controlled trial
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Background: Chronic inflammation is known to promote breast cancer progression and may modulate the effectiveness 
of endocrine therapies, including aromatase inhibitors (AIs). Cytokines, central to immune regulation and tumor 
microenvironment signaling, represent potential targets for intervention. Nutritional strategies aimed at reducing 
systemic inflammation may beneficially influence cytokine profiles and patient outcomes during AI therapy. 
Patients and Methods: We conducted a 4-month randomized controlled trial involving 30 postmenopausal women with 
stage I–IIIa breast cancer undergoing adjuvant AI therapy for at least 6 months. Participants were randomized into two 
matched groups. The intervention group (n=16, mean age: 58.2±6.7 years) adhered to a structured anti-inflammatory 
diet enriched in omega-3 fatty acids, fiber, and antioxidants, and low in refined carbohydrates and saturated fats. The 
control group (n=14, mean age: 58.4±7.5 years) maintained their usual diet. Plasma cytokine levels were assessed at 
baseline and after 4 months via flow cytometry. 
Results: After 4 months, the intervention group demonstrated significant reductions in circulating cytokines relative to 
controls: IL-18 (↓32%, p<0.001), IL-33 (↓9%, p<0.01), IFN-γ (↓28%, p<;0.05), and IFN-α2 (↓33%, p<0.01). Additional 
significant decreases were observed in TNF-α (↓39%), IL-6 (↓41%), IL-10 (↓41%), and IL-17A (↓49%) (p<0.05 for all). 
Furthermore, the intervention group experienced reductions in body mass index (BMI, −8.83%) and visceral fat area 
(−20.5%). No significant changes were detected in the control group. 
Conclusions: An anti-inflammatory diet significantly reduced proinflammatory and interferon cytokines in breast 
cancer patients on AI therapy, accompanied by decreases in BMI and visceral adiposity. These results suggest that 
dietary modulation can mitigate systemic inflammation and potentially improve immune homeostasis during endocrine 
treatment. Further studies involving a larger number of patients are warranted to explore long-term clinical benefits 
and underlying mechanisms.
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Background: Despite immune-checkpoint inhibitors (ICIs) transforming outcomes of melanoma patients, a vast number 
remain unresponsive to treatment. Baseline-derived host-related inflammatory ratios such as neutrophil-lymphocyte 
ratio (NLR), platelet-lymphocyte ratio (PLR) and monocyte-lymphocyte ratio (MLR) are easily accessible biomarkers 
that can depict the balance between myeloid-derived protumour inflammation and lymphocyte-derived antitumour 
response. Our analysis aims to assess the predictive value of baseline inflammatory ratios on the outcome of melanoma 
patients treated with mono-ICIs. 
Patients and Methods: We conducted a multicentric retrospective analysis that included 112 advanced melanoma 
patients treated with mono-ICI (Pembrolizumab or Nivolumab) at three Centers in Serbia and Bosnia & Herzegovina. 
Data were extracted from the European Melanoma Registry (EuMelaReg). ROC curves with Youdens J-statistic were 
used to determine optimal cut-off-values (NLR: 3.35, PLR: 165.5, MLR: 165.5). The p-values regarding Progression-free 
survival (PFS and overall survival (OS) were calculated using log-rank (p<0.05; CI 95%). 
Results: Each of the inflammatory ratios separately showed poorer prognosis in high-value subgroup in terms of shorter 
PFS (NLR: 3.55 vs 14.01- p<0.0001; PLR: 3.85 vs 11.48- p=0.0011; MLR: 5.16 vs 11.48- p=0.0171) and OS (NLR: 5.69 vs 
23.59- p<0.0001; PLR: 6.12 vs 23.59- p<0.0001; MLR: 8.42 vs 21.78- p=0.0007). In group analysis, patients with all three 
ratios elevated were compared with patients with at least one low ratio. Shorter PFS (2.86 vs 10.56; p<0.0001) and OS 
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(6.78 vs 21.45; p<0.0001) were also observed in the all-high subgroup. Patients with high-value ratios were younger 
(p=0.0162). No difference was observed in terms of gender (p=0.99), BRAF mutation status (p=0.53), the occurrence of 
immune-related adverse events (p=0.34) or LDH levels (p=0.16). 
Conclusions: Inflammatory ratios are promising and accessible biomarkers that, either alone or combined, could be 
incorporated into clinical practice delineating patients who will benefit the most from mono-ICI and those who would 
need additional agents or alternative therapeutic approaches.

Validation of an LC-MS/MS method for the determination of imatinib and n-desmethyl imatinib in human 
plasma
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Background: Imatinib is a selective tyrosine kinase inhibitor used for the treatment of chronic myeloid leukemia 
and other malignancies. Its primary metabolite, N-desmethyl-imatinib, has similar pharmacological properties. 
Quantification of both compounds in plasma is essential for therapeutic drug monitoring and pharmacokinetic studies. 
In this study, an LC-MS/MS method for the determination of imatinib and N-desmethyl-imatinib in human plasma was 
developed and validated. 
Materials and Methods: Chromatographic separation was performed on an InfinityLab Poroshell 120 EC-C18 
chromatography column (4.6 × 100 mm, 2.7 µm) using a mobile phase consisting of methanol and water with 0.1 
% formic acid and 0.2 % ammonium acetate (55:45, v/v). The column temperature was set to 40 °C and the flow 
rate of the mobile phase was 700 µL/min. The injection volume was 10 µL. Detection was performed in MRM mode, 
monitoring the transitions m/z 494 > 394 for imatinib and m/z 480 > 394 for N-desmethyl-imatinib. The total run time 
of the analysis was 5 minutes. 
Results: For imatinib, the method showed excellent linearity in the range of 5–500 ng/ml (r = 0.999), with an intra-run 
accuracy of 104.59% and an inter-run accuracy of 105%. The precision ranged from 1.4 % to 5.67 % RSD, depending 
on the concentration. The LOD and LOQ were 1.2 ng/mL and 5 ng/mL, respectively. The recovery was 91%. For 
N-desmethyl-imatinib, linearity was also satisfactory (r = 0.998), with a within-run accuracy of 103.13% and a between-
run accuracy of 105%. The precision ranged from 1.2% to 13.8% RSD. The LOD was 1.8 ng/ml and the LOQ was 5 ng/
ml. The recovery was 89%. 
Conclusions: The validated LC-MS/MS method is selective, accurate and precise and is suitable for routine analysis of 
imatinib and its metabolite in human plasma in accordance with ICH guidelines.

Prevalence of head and neck cancer in Serbia
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Background: Head and neck cancers represent a widely prevalent group of malignancies worldwide. Globally, they 
rank 16th in terms of incidence and 15th in terms of mortality. The aim of this study was to determine the descriptive 
epidemiological characteristics of head and neck cancers (ICD-10: C00–C13, C32) in Serbia during the period from 1999 
to 2022. 
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Materials and Methods: Data were obtained from the Cancer Registry of Central Serbia (1999–2015) and the Republic 
of Serbia Cancer Registry (2016–2022). All registered cases of head and neck cancers were included, based on the 
classification of the International Agency for Research on Cancer (ICD- 10: C00–C13, C32). A descriptive epidemiological 
method was applied. Incidence and mortality rates were presented as age-standardized rates (per 100,000 population), 
using direct standardization based on the World Standard Population. 
Results: In 1999, women were 5.3 times less likely to develop and 8.5 times less likely to die from head and neck 
cancers compared to men. However, this disparity has significantly decreased over time — by 2022, women were 3.7 
times less likely to develop and 3.6 times less likely to die from these cancers. The difference is even more pronounced 
in the case of oral cancer. Two and a half decades ago, women were six times less likely to die from oral cancer, whereas 
in 2022, female mortality from oral cancer was only half that of men. Among men, age-standardized incidence rates 
remained relatively stable over time (20.3 per 100,000 in 1999 vs. 20.0 in 2022), whereas in women, a notable increase 
was observed (from 3.8 in 1999 to 5.3 in 2022). Age-standardized mortality rates in men showed a slight downward 
trend (from 11.9 in 1999 to 9.1 in 2022), while in women, an upward trend was evident — increasing from 1.4 in 1999 
to 2.5 in 2022. The highest number of cases occurred in individuals over the age of 50, with a noticeable trend toward 
increasing incidence among younger age groups over time. 
Conclusions: Between 1999 and 2022, Serbia experienced a marked increase in both the incidence and mortality 
of head and neck cancers among women. These results highlight the critical importance of reinforcing preventive 
healthcare measures and advancing early detection programs, particularly targeting high-risk populations.

Different financing mechanisms of innovative therapies in oncology: a scoping review

Bosiljka Djikanovic

Faculty of Medicine, University of Belgrade, Serbia
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Background: Innovative oncology therapies, such as gene and cell-based treatments, targeted agents, and advanced 
immunotherapies, present unique financial challenges for healthcare systems globally, due to high upfront costs, 
uncertain long-term outcomes, and evolving regulatory and reimbursement landscapes. The aim of this research 
was to systematically characterize the landscape of EU financing strategies for oncology innovation in therapies. This 
approach is needed to systematically map the full spectrum of financing strategies, clarify key concepts and definitions, 
identify emerging models, and highlight gaps in evidence and implementation. Unlike conventional reviews, a scoping 
review offers a broad, structured overview without restricting to study design or quality, which is ideal for exploring 
this complex and rapidly evolving field. 
Methods: As a comprehensive search strategy, the scoping review was implemented across multiple bibliographic 
databases and grey literature sources to identify studies on financing innovative oncology therapies. Data were 
iteratively charted, capturing study characteristics, financing models, outcomes, and contextual factors. Findings were 
synthesized descriptively, mapping key themes, regulatory and funding mechanisms, evidence gaps, and emerging 
models, without formally appraising study quality. 
Results: Scoping review identified that the oncology financing ecosystem includes a mosaic of value-based contracts, 
specialized funding mechanisms, and patient financial supports. The existing literature on financing models is 
fragmented, encompassing varied mechanisms such as outcome-based agreements, managed entry deals, public–
private funding. across different national and institutional contexts. However, the field lacks consolidated evidence 
for comparative effectiveness, long-term affordability, and transferability across different health systems, which are all 
specific. 
Conclusions: There are several successful prototypes for financing innovative oncology treatments that can help guide 
future policy development and research agendas within countries and their healthcare systems. The challenge lies in 
effectively scaling these models, generating stronger evidence of cost-effectiveness and patient benefit, and ensuring 
equitable access. Integrating financing strategies into national health plans, empowering provider-led models, and 
evolving investment mechanisms might be the key to transforming oncology care sustainably.
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Serbia in Breast Cancer Management
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Background: Breast cancer is the most common cancer in women, and germline BRCA1/2 mutations significantly 
increase lifetime risk, guiding both risk assessment and treatment. PARP inhibitors, like olaparib, exploit defective 
DNA repair in BRCA-mutated cells, improving progression-free survival in HER2-negative patients. This study aimed to 
implement nationwide BRCA testing in Serbia, enabling personalized therapy for eligible patients. It also marked the 
first collaborative effort of the three major Serbian institutions to introduce a unified NGS protocol for BRCA testing. 
Patients and Methods: From April 2024 to June 2025, a total of 1,739 patients were tested across three institutions: 
Institute for Oncology and Radiology of Serbia, Oncology Institute of Vojvodina, and Institute of Molecular Genetics 
and Genetic Engineering. BRCA1/2 mutation analysis was performed using next-generation sequencing on the Illumina 
platform with the Devyser BRCA NGS kit. Genomic DNA extracted from peripheral blood was quality-controlled and 
subjected to massive parallel sequencing. Data analysis was conducted using Amplicon Suite software. 
Results: Most patients (72.5%) underwent testing at an early stage of disease. HR+/HER2− breast cancer was the 
predominant subtype (63.7%). Pathogenic  or likely pathogenic variants were detected in 97 patients (5.6%), including 
56 BRCA1 (3.2%) and 41 BRCA2 (2.4%) mutations. Variants of uncertain significance were identified in 42 cases (2.4%). 
Among BRCA1-positive patients, 76.8% presented with triple-negative breast cancer (age range: 32–70 years; mean 
age: 50 years). In contrast, BRCA2-positive cases were predominantly HR+/HER2− (65.8%; age range: 34–78 years; 
mean age: 53.5 years). A notable variation in the geographical distribution of BRCA1/2 mutations was observed, with 
prevalence rates of 3.2% in southern Serbia, 5.0% in central Serbia, and 8.35% in Vojvodina.
Conclusions: The introduction of olaparib for breast cancer treatment in Serbia strengthens precision oncology 
by offering an additional targeted therapy. Nationwide collaboration among major institutions has enabled the 
implementation of germline BRCA testing, which is crucial for identifying patients eligible for PARP inhibitors and 
for bringing personalized medicine into routine clinical care. Ongoing research should assess real-world outcomes in 
patients treated with olaparib, while this germline testing will also provide valuable insights into the genetic landscape 
of the Serbian population.

Acknowledgments and funding: We acknowledge AstraZeneca for donating the BRCA tests used in this nationwide 
testing. The study was designed, initiated, and conducted independently by Institute for Oncology and Radiology 
of Serbia, Oncology Institute of Vojvodina, and Institute of Molecular Genetics and Genetic Engineering without 
sponsorship or involvement from AstraZeneca.
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Analysis of COMT-211 and AMPD3-206 transcripts in lung cancer
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Background: Lung cancer (LC) is often diagnosed at advanced stages, and there is an urgent need to develop new 
tools for early disease detection and management strategies. Recent pan-cancer transcriptome analysis has revealed 
increased expression of COMT-211 and AMPD3-206 transcripts in malignant compared to non-malignant lung tissue. 
This study aimed to analyze the expression of COMT-211 and AMPD3-206 in LC using in silico and in vitro approaches 
to evaluate their potential as biomarkers for disease detection. 
Material and Methods: The coding potential, subcellular localization, and secondary structure of the transcripts were 
predicted using available online tools. The UCSC Xena Browser platform was utilized to compare transcript expression 
levels between malignant and non-malignant lung tissue samples, incorporating data from the GTEx and TCGA datasets. 
Relative expression levels of COMT-211 and AMPD3-206 were quantified by qRT-PCR in the following lung cell lines: 
malignant A549 and CRL2066, and non-malignant BEAS-2B. 
Results: COMT-211 and AMPD3-206 were predicted to be non-coding transcripts (with coding probabilities of 3.5% 
and 39.1%, respectively), predominantly localized in the cytoplasm, with COMT-211 showing a more stable secondary 
structure than AMPD3. The results from the Xena Browser platform indicated a significantly increased expression of 
both transcripts in primary tumor tissues compared to adjacent non-tumor tissues of patients with LC, as well as to 
normal lung tissues of healthy individuals. While the expression of AMPD3-206 was similar between adjacent non-
tumor tissues of patients with LC and lung tissues of healthy individuals, a significant increase in the expression of 
COMT-211 was observed in adjacent non-tumor tissues of patients with LC. Although COMT-211 was detected in all 
analyzed lung cell lines, its expression was extremely low. In contrast, the expression of AMPD3-206 was higher, but no 
significant differences were observed between the cell lines (p>0.05). 
Conclusions: COMT-211 and AMPD3-206 transcripts may represent long non-coding RNAs. The upregulation of COMT-
211 in both tumor and adjacent non-tumor tissues, along with its structural stability, suggests its potential as an early 
marker of tumor-associated changes or the tumor microenvironment. In contrast, AMPD3-206 shows expression 
patterns consistent with a tumor-cell origin. Further studies are needed to clarify their origin and biomarker potential 
in lung cancer.

Acknowledgments and funding: This work was supported by the Science Fund of the Republic of Serbia, SENSOGENE, 
#6052315.
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In Silico Characterization of the Non-Coding Transcript BUD23-212 in Gastrointestinal Cancers
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Background: Recent pan-cancer transcriptomic analyses have identified differential activity of two alternative promoters 
of the BUD23 gene in malignant versus non-malignant gastrointestinal (GIT) mucosa. The promoter upregulated in 
tumor tissues drives the expression of the transcript isoform BUD23-212 (ENST00000453316), suggesting a potential 
role in malignant transformation. This study aimed to predict the functional relevance of BUD23-212 in gastrointestinal 
cancers using an in silico approach.
Methods: We employed publicly available in silico tools to evaluate the transcript’s coding potential, subcellular 
localization, repetitive element content, and miRNA binding interactions. Transcript expression profiles in tumor and 
non-tumor samples from the esophagus, stomach, colon, and rectum were retrieved from the UCSC Xena browser. 
Additionally, we assessed BUD23-212 expression in non-malignant HCEC1CT cells and malignant cell lines HCT116, 
DLD1, SW620, and DLD1R using our transcriptomic dataset. 
Results: CPC2 classified BUD23-212 as non-coding with high probability. According to AnnoLnc2, the transcript contains 
Alu/SINE repetitive elements, which are often enriched in non-coding RNAs, and confer regulatory and structural 
functions. lncLocator predicted BUD23-212 enrichment in the nucleus and ribosomes, suggesting potential roles in 
epigenetic regulation, RNA processing, or micropeptide translation. miRBase and miRDB predicted binding sites for 
miR-1285-2, miR-509 isoforms, and miR-4308, microRNAs with established tumor-suppressive roles in gastric and 
colorectal cancers, suggesting that BUD23-212 may function as a competitive endogenous RNA (ceRNA) or molecular 
sponge. According to UCSC Xena data, BUD23-212 expression was significantly elevated in the tumor compared to non-
tumor GIT tissues. Our transcriptomic data confirmed expression in malignant cell lines HCT116 and DLD1R. 
Conclusions: BUD23-212, which is overexpressed in malignant GIT tissues and analyzed cancer cell lines, appears to 
exert its molecular function as a regulatory non-coding RNA. Future research should aim to clarify the precise molecular 
functions of BUD23-212, explore its potential as a biomarker, and investigate the therapeutic potential of its targeted 
silencing in gastrointestinal cancers.

Acknowledgments and funding: This research was supported by the Science Fund of the Republic of Serbia, PROMIS, 
#6052315, SENSOGENE and IMGGE Annual Research Program for 2025, Ministry of Science, Technological Development 
and Innovation of the Republic of Serbia, 451-03-136/2025-03/200042.

Comparative analysis of machine learning algorithm results in predicting the probability of rectal tumor 
presence
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Background: This study examines the potential applications of machine learning (ML) algorithms in the analysis of 
computed tomography (CT) scans aimed at diagnosing tumor changes in specific organs. The focus of this study is on 
detecting tumor tissue in the rectal area. The aim is to train a model that will recognize and identify the tumor location 
using exclusively CT scans, without relying on magnetic resonance imaging. The long-term goal is the development 
and validation of algorithms that could be integrated into medical devices for automatic identification of tumor tissue, 

P55

P56



134

Oncology InsightsSDIRSACR

where the device would display the probability that the tissue is affected by a tumor. 
Material and Methods: The study included data from 140 patients, among whom were patients with healthy rectums. 
In 130 patients, a tumor localized entirely in the rectum was diagnosed, while 10 patients with healthy rectums were 
included to balance the dataset. Only those slices depicting the rectal region were selected, resulting in approximately 
3,600 images suitable for analysis. A set of the most relevant features was extracted from the images, and a table 
was created for training and testing multiple ML algorithms. The algorithms used were logistic regression (LR), linear 
discriminant analysis (LDA), support vector machines (SVM), classification and regression trees (CART), naive Bayes 
(NB), and k-nearest neighbors (KNN). In addition to classical ML algorithms, neural networks were trained to compare 
performance and explore the potential of deep learning in tumor detection. Models were trained on the same feature 
set with a training and testing split. Evaluation focused particularly on sensitivity and specificity parameters, which are 
critical in medical diagnostics. 
Results: The best result on the available dataset was achieved using the SVM algorithm, which reached over 80% 
accuracy in tumor area detection. Neural networks demonstrated potential for higher sensitivity, with a need for 
further model architecture tuning to improve specificity. 
Conclusions: This approach can contribute to more efficient diagnostics, save resources and time for physicians, as well 
as enabling more precise therapy planning and a personalized patient approach. Furthermore, potential integration of 
the developed algorithms into medical equipment could improve automatic and rapid tumor detection during routine 
diagnostic procedures.

Acknowledgments and funding: MM is supported by the Horizon Europe STEPUPIORS Project (HORIZON-WIDERA-
2021-ACCESS-03, European Commission, Agreement No. 101079217) and the Ministry of Science, Technological 
Development and Innovation of the Republic of Serbia (Agreement No. 451-03-136/2025-03/200043).
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Background: Recent evidence suggests that some non-canonical transcripts harbour small open reading frames 
(sORFs) that encode microproteins with potential functional significance. Smoothelin, encoded by the SMTN gene, 
is a cytoskeletal protein composed of 915 amino acids, primarily expressed in differentiated smooth muscle cells. 
Transcripts SMTN-206 (ENST00000422839) and SMTN-209 (ENST00000432777) code for proteins 37 and 91 amino 
acids long, respectively. Recent pan-cancer transcriptome analysis has revealed that the activity of the promoter 
driving their expression is significantly increased in gastrointestinal tumours. 
Material and Methods: Expression of SMTN-206 and SMTN-209 in tumor and non-tumor tissue was investigated using 
TCGA and GTEx datasets via the USCS Xena Browser. Sequences of SMTN-206 and SMTN-209 were retrieved from the 
Ensembl GRCh38 genome browser in FASTA format. Analyses included predictions of transcript localization, secondary 
structure, and interactions with miRNA. Additionally, sORF detection and microprotein localization were performed for 
SMTN-206. Ribosome profiling (RiboSeq) data were obtained from the GSE269371 dataset from NCBI Gene Expression 
Omnibus and used for estimating ribosome occupancy in CaCo2 and HCEC-1CT cell lines. 
Results: Expression data revealed expression of SMTN-206 and SMTN-209 in colon, rectum and stomach tumors, 
suggesting tissue-specific promoter utilization. SMTN-206 demonstrated significant differential expression between 
tumor tissue and healthy gut mucosa warranting its prioritization for further analysis. MicroRNA interaction predictions 
indicated associations with miRNAs involved in tumor suppression and immune regulation. sORFs detection confirmed 
a translated region located between nucleotides 456-566 producing microprotein with extracellular localization. 
RiboSeq data confirmed differential ribosome occupancy between tumor-derived CaCo2 and non-tumor HCEC-1CT cell 
lines, suggesting increased translation in tumor cells. 
Conclusions: Given its tumor-specific expression, increased translation in tumor cells, and interactions with cancer-
relevant miRNAs, SMTN-206 emerges as a promising biomarker candidate in GI tumors. The encoded microprotein 
warrants further investigation due to its significant structural divergence from the canonical protein and its potential 
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role in tumorigenesis.
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Background: Colorectal cancer (CRC) remains a major cause of cancer-related mortality despite advances in diagnosis 
and therapy. Given its clinical and molecular heterogeneity, novel biomarkers and therapeutic targets are urgently 
needed. The lysyl oxidase (LOX) family, comprising LOX and four LOX-like proteins (LOXL1–4), plays a central role in 
extracellular matrix remodeling via collagen and elastin cross-linking. Emerging evidence implicates LOX family 
members in tumor proliferation, invasion, and metastasis; however, their prognostic significance and mechanistic roles 
in CRC remain poorly defined. Therefore, we aimed to conduct a comprehensive analysis of the LOX family in colorectal 
cancer.
Materials and Methods: We conducted a comprehensive analysis of LOX family gene expression using multiple 
independent colorectal cancer (CRC) datasets from the GEO database. Associations with clinicopathological features, 
molecular subtypes, and survival outcomes were systematically evaluated. Gene set enrichment analysis (GSEA) was 
performed to explore potential biological pathways associated with the most relevant LOX genes. The key candidate 
genes were further validated in CRC cell lines compared to normal colonic epithelium using quantitative real-time PCR 
(qRT-PCR).
Results and Conclusions: Most LOX family members exhibited dysregulated expression in CRC, with LOX and LOXL2 
showing the most consistent and robust upregulation across multiple datasets. Elevated expression levels of several 
members were significantly associated with advanced tumor stage, and poorer prognosis. Notably, LOX and LOXL2 
expression was enriched in right-sided CIMP-high, MSI-H, and BRAF-mutant tumors. These two genes emerged as the 
most promising candidates and were selected for further analysis. GSEA revealed that high LOX and LOXL2 expression 
was strongly associated with the activation of epithelial–mesenchymal transition (EMT), hypoxia, IL2–STAT5 signaling, 
and inflammatory pathways, with a shared EMT-related gene signature observed across datasets. Subsequent validation 
confirmed significant upregulation of LOX and LOXL2 in CRC cell lines compared to normal colonic epithelium (p < 0.05). 
Together, these findings suggest that LOX and LOXL2 may drive aggressive, mesenchymal-like phenotypes in CRC and 
represent promising diagnostic biomarkers or therapeutic targets, particularly in inflammation-associated molecular 
subtypes.
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The critical role of ADAMTS8 expression deregulation in forwarding vascular invasion in rectal carcinoma
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Background: Rectal carcinoma (RC) accounts for approximately 30% of all colorectal carcinomas (CRC) and is recognized 
as a distinct clinical entity with unique causes and treatment strategies. Aside from lymphatic invasion, RC can spread in 
several vascular ways previously identified and validated as prognostic markers. Vascular invasion (VI) has consistently 
been shown to be associated with poor prognosis, both when detected by pathology and radiology methods, however, 
the molecular basis of VI is poorly studied. Several mechanisms may contribute to the VI process, including epithelial-
mesenchymal transition (EMT), remodeling of the extracellular matrix (ECM), and angiogenesis. This integrative 
study was conducted with the aim of identifying genes and pathways specific for a VI-positive rectal adenocarcinoma 
phenotype. 
Material and Methods: Using cBioPortal dataset platform, we examined mRNA expression and methylation data of 41 
pre-selected, literature-based genes proven to be involved in regulating EMT, ECM, and angiogenesis during colorectal 
carcinogenesis and their potential association with vascular invasion as a clinical feature in a RC dataset consisting of 
78 samples, which were filtered from the COADREAD TCGA (Firehose Legacy) dataset. 
Results: Among 41 tested gene candidates, only ADAMTS8 showed a significant association between lower ADAMTS8 
mRNA expression and vascular invasion was detected (p=0.039, tested by Mann-Whitney U test). In addition, methylome 
analysis strongly suggests promoter methylation of the ADAMTS8 gene, as a mechanism of epigenetic gene silencing, 
since in this cohort ADAMTS8 mRNA expression significantly correlates with ADAMTS8 methylation level (p=0.012, r=-
0.263, Spearman’s test of correlation). Moreover, we observed a tendency toward association between higher level of 
ADAMTS8 methylation and vascular invasion (p=0.087, tested by Mann-Whitney U test). Interestingly, protein-protein 
interaction analysis among protein products of tested 41 genes on STRING platform revealed that only ADAMTS8 
protein formed a distinct cluster, displaying no interactions with any other queried proteins. Observed associations 
require further functional and experimental analysis to elucidate the exact role of ADAMTS8 expression deregulation 
in forwarding vascular invasion RC. 
Conclusions: Obtained results have potential clinical utility, providing new approaches for developing targeted therapies 
for VI-positive rectal cancer, and require in vitro validation.
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Background: Traditional clinicopathological markers of breast cancer outcome are now supplemented by molecular 
assays such as gene-expression panels, microRNA signatures, circulating tumour cells, proliferation markers, cytokines, 
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and stem-cell markers. These molecular tools often outperform classical markers but still leave considerable prognostic 
uncertainty. Because outcome prediction in early breast cancer has the potential to guide adjuvant therapy, we sought 
to build a deep-learning pipeline that delivers superior accuracy compared with existing approaches. Rationale and 
Aim Classification of histopathology images by use of convolutional neural networks has typically been approached 
by a single stain and a single image format. We reasoned that complementary stains and multiple colour-depth 
representations would expose richer morphology and therefore boost prognostic power. We focused on early-stage 
disease, where accurate risk stratification can spare low-risk patients from overtreatment and recommend high-risk 
patients toward intensified therapy. Our goal was to predict distant metastasis with maximal accuracy. 
Materials and Methods: Whole-slide tumour sections from early breast cancer patients underwent two laboratory 
stains: 1. AE1/AE3 pan-cytokeratin (pan-CK), highlighting epithelial malignant patches. 2. Hematoxylin and eosin (H&E), 
visualising global histology. Slides were scanned and exported in three image formats: RGB colour, 8-bit grayscale 
and binary masks produced at five intensity thresholds, yielding seven biologically distinct datasets per patient. 
The final training set thus comprised 2,646 histopathological tumour images. Deep-Learning Pipeline A pretrained 
ResNet-50 served as a feature extractor and classifier. We implemented experimental data augmentation rather than 
the traditional virtual approach. The data augmentation was thus derived from physically different stains and image-
depth transformations, not from synthetic flips or rotations. Strict separation of development and test sets prevented 
data leakage and ensured an unbiased estimate of performance. 
Results: Single-dataset performance • Grayscale pan-CK: accuracy 94.4 % AUC 0.982 • Grayscale H&E: accuracy 85.7 
% AUC 0.992 Pooled multistain–multidepth model Training on all 14 datasets (two stains x 7 image depths) pushed 
performance to 100 % accuracy and an AUC of 1.000 on the test set, confirming that heterogeneous visual inputs 
supply complementary prognostic information. Discussion Our findings show that microscopic morphology still holds 
untapped prognostic information that is only revealed when a deep learning network is provided with multiple stains 
and colour depths. Experimental augmentation with pan-CK and H&E stains provided biologically meaningful diversity. 
Grayscale images provided better discriminative performance than full-colour or binary images, yet the merged model 
still benefited from every representation. Previous cancer studies combining stains report similar gains, but to our 
knowledge, none have combined multiple staining with systematic colour-depth variation and binary thresholding. 
Our work supports expanding histopathology pipelines beyond H&E staining and RGB imaging to capture more 
comprehensive information about a tumour. 
Conclusions: Conclusions and Outlook Deep transfer learning on complementary stains and colour-depth representations 
provides better prognostic accuracy for early breast cancer than single-stain models or traditional clinicopathological 
markers. This strategy can be integrated with radiomics, genomics, proteomics, and laboratory data to further refine 
personalised therapy. Because patients with early disease have the widest treatment choices, they stand to gain the 
most from the precise risk estimates offered by this multistain, multidepth deep-learning framework.
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Background: Ubiquitin-specific protease 7 (USP7) is a deubiquitinating enzyme involved in the regulation of multiple 
signalling pathways. One of the crucial roles of USP7 is the regulation of the tumour suppressor p53 together with 
MDM2. Under normal physiological conditions, USP7 indirectly suppresses p53 by stabilizing MDM2, but it stabilizes 
p53, thereby inducing apoptosis, under genotoxic stress. The presence of certain USP7 mutations causes excessive 
MDM2 stabilization, which triggers p53 degradation and therefore allows cancer cells to escape apoptosis. Due to this 
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paradoxical role of USP7 in p53 regulation together with its importance in ubiquitination processes, it is a critical target 
for the development of novel therapeutic strategies in cancer. 
Materials and Methods: Within the scope of this study, we aimed to explore the possible structural impacts of missense 
variants in USP7 on the coordination of MDM2-p53 binding together with the selection of effective inhibitors. For this 
purpose, we utilized TCGA database to select the missense variants in USP7 with a pathogenity score >70%, already 
associated with the solid cancer. By using VMD tool, we prepared mutant and native USP7 systems that were further 
subjected to classical Molecular Dynamic simulations with CHARMM parameters. Molecular Dynamic simulations 
were collected as NpT ensemble for 100 ns. Then, the impacts of the pathogenic missense variants on USP7-ubiquitin 
aldehyde and USP7-inhibitor binding were evaluated via protein-protein and protein-small molecule docking studies. 
Results: Depending on the results of 100 ns MD simulations, we have reported that 10 out of 24 variants were leading 
to significant change in the structural properties of USP7 by causing thermodynamic instability. Also, the presence 
of several variants was leading to competitive binding of specific USP7 inhibitors towards the ubiquitin aldehyde, 
known as a natural ligand, to keep USP7 in active conformation. Therefore, the required structural stability for its 
effective function was not achieved by USP7 due to the lack of, or partial interaction with ubiquitin aldehyde. Within 
the literature, 15 different small molecules serving as USP7 inhibitors were selected to evaluate their binding potential 
and effectiveness towards USP7-mutant complexes via AutoDock Vina docking tool. Among many, the binding 
performances of XL177A, XL188, XL203C, ALM4, ALM5, FLX4, L55, USP7-055 and USP7-797 inhibitors towards USP7 
were superior even in the presence of many missense variants in USP7. Among these, the best performance was 
reported for ALM4, ALM5, FLX4 and L55 small molecules in terms of effective inhibition of USP7 even in the presence 
of many missense variants. We also reported the impacts of missense variants existing in USP7-TRAF domain on the 
dynamics of MDM2-p53.  It was reported that R66C variant resulted in the loss of p53 coordination, by up to 30% while 
maintaining MDM2 coordination due to the loss of structural flexibility within TRAF domain. 
Conclusion:  The data obtained in this study highlight the importance of constituting theoretical background about the 
mutation-specific structural and functional changes for the effective inhibitor selection for USP7. 
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New bis-pyrazolate zinc(II) complexes as potential anticancer drugs: from structure to anticancer activity

Majda Kolenović Serezlić1, Angelina Caković2, Jovana Bogojeski2, Danijela Nikodijević2, Milena Milutinovic2, Aleksandra 
Stanojević2, Milena Čavić3, Tanja V. Soldatović1

1Department of Natural-Mathematical Sciences, State University of Novi Pazar, Novi Pazar, Serbia 
2Faculty of Science, University of Kragujevac, Kragujevac, Serbia 

3Department of Experimental Oncology, Institute for Oncology and Radiology of Serbia, Belgrade, Serbia
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Background: Zinc(II) plays a vital role in biological systems due to its unique properties: it is redox-inactive, a strong Lewis 
acid, and supports flexible coordination. Unlike redox-active metals, Zn(II) does not generate free radicals, contributing 
to antioxidant protection. It is involved in over 3000 human proteins, essential for DNA/protein synthesis, immune 
response, and brain function.1,2 Zinc imbalance is linked to cancer; chelation is used in excess, while ionophores help 
restore levels in deficiency. Recent heterometalllic Pt-L-Zn complexes show higher cytotoxicity than cisplatin, likely due 
to their interaction with multiple cellular targets. 
Material and Methods: The binding affinity of the studied complexes with CT-DNA via intercalation was determined 
using fluorescence spectroscopy while with human serum albumin (HSA) was determined through fluorescence 
quenching experiments. The influence of different zinc(II) complexes on colon cancer HCT-116 and pancreatic cancer 
MIA PaCa-2 (obtained from the American Type Culture Collection, USA) cells viability was investigated, by measuring 
the intensity of purple formazan in control and treated cell samples (MTT assay). The type of cell death induced by 
different zinc(II) complexes was determined by the fluorescent dye acridine orange (AO, obtained from Acros Organics, 
New Jersey, USA), and ethidium bromide (EB, obtained from SERVA, Germany). The quality and quantity of RNA were 
evaluated using a BioSpec-nano spectrophotometer (Shimadzu Scientific Instruments). The generated cDNA was used 
as a template for gene expression analysis using quantitative real-time PCR (qRT-PCR). 
Results: Three novel Zn(II) complexes [ZnCl2(H2LtBu)], [ZnCl2(Me2LtBu)] and [Zn2Cl4(H2LCatBiPyPh)2] (where H2LtBu 
is 2,6-bis(5-tert-butyl-1H-pyrazol-3-yl)pyridine, Me2LtBu is 2,6-bis(5-tert-butyl-1-methyl-1H-pyrazol-3- yl)pyridine and 
H2LCatBiPyrPh is 1,2-bis((5-phenyl-1H-pyrazol-3-yl)methoxy)benzene) were synthesized and characterized. Structural 
analysis revealed different coordination geometries: distorted trigonal bipyramidal ([ZnCl2(H2LtBu)]) and tetrahedral 
([Zn2Cl4(H2LCatBiPyPh)2]). The complexes were examined for their potential antitumor activity. The complexes showed 
moderate binding to CT-DNA and human serum albumin (HSA), with DNA-binding affinity in the order: [ZnCl₂(Me₂LtBu)] 
< [Zn₂Cl₄(H₂LCatBiPyPh)₂] < [ZnCl₂(H₂LtBu)]. Cytotoxicity tests demonstrated significant antiproliferative effects against 
HCT-116 and MIA PaCa-2 cancer cells, with [ZnCl₂(H₂LtBu)] being the most active than cisplatin in pancreatic cancer 
cells after 72 h. especially in inducing apoptosis. Gene expression studies revealed downregulation of TP53 (homo 
sapiens tumor protein p53) across all complexes, while [ZnCl₂(H₂LtBu)] also reduced CASP3 (Caspase 3) and IGF1R 
(insulin-like growth factor 1) expression, indicating interference with apoptosis and cell proliferation.3-5 These findings 
suggest the complexes have potential as anticancer agents and warrant further molecular-level investigation. 
Conclusions: Among investigated complexes [ZnCl₂(H₂LtBu)] showed the most pronounced induction of apoptosis. 
Gene expression analysis suggested activation of apoptotic and necrotic signaling pathways, warranting further studies 
at transcriptomic and proteomic levels.
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First experience of using intraluminal photodynamic therapy with pulse-mode radiation of 
gastrointestinal tract and respiratory system tumors

Albina Avanesyan, Alina Akkalaeva, Aleksey Bogdanov, Vladimir Moiseyenko

N.P Napalkov Saint Petersburg Clinical Research and Practical Centre for Specialized Types of Medical Care (Oncological), Saint 
Petersburg, Russia

Keywords: photodynamic therapy, pulse-mode radiation, gastrointestinal tract and respiratory system tumors

Background: For patients with inoperable tumor gastro-intestinal tract and respiratory system tumors using 
intraluminal photodynamic therapy and calculated regime of pulse-mode radiation shows a higher antitumor 
effect compared to the standard persistent irradiation by reducing photo-induced hypoxia of the tumor tissue. 
Materials and methods: From August, 2019 to May 2025, two groups (I and II group) of patients underwent the 
treatment. Group I consisted of three subgroups: 33 patients with gastrointestinal tract tumor. Nineteen patients in 
Group I had stenosing inoperable gastrointestinal tumors and complaints of dysphagia of grade 2–3 (subgroup I(a)); 
six patients had inoperable gastrointestinal tumors without signs of stenosis (subgroup I(b)); and eight patients had 
stage I gastrointestinal tumors (subgroup I(c)). Group II included 7 patients with bronchial tumors: two patients had 
stenosing inoperable lung cancer with grade 2–3 respiratory failure; one patient underwent non-radical resection of 
a lung tumor; three patients had grade I bronchial tumors; and one patient had a local recurrence of a laryngeal 
oropharyngeal tumor after a radical course of external beam radiation therapy.
Results: In Group I subgroup I (a) in 15 of 19 patients (79%) with a stenotic gastrointestinal tumor, 2-3 days after 
intraluminal photodynamic therapy during pulse-mode radiation, experienced relief from dysphagia, and independent 
feeding with solid food became possible. Control esophagogastroduodenoscopy showed partial tumor regression and 
3-9 mm expansion. In the subgroup I (b) in 5 cases (83 %) endoscopically observed partial regression, in 1 patient (17 
%) – complete regression. In Group II: in 1 of 3 cases with a tumor of the tracheo-bronchial tree of the bronchus of 
the 1st stage, a complete regression occurred. In the remaining 2 cases – partial regression was observed. 1 Patient 
with respiratory failure of 2-3 degrees observed a clinical significant partial effect. In one patient after non-radical lung 
tumor resection, a single session on the stump area prevented tumor relapse for 7 months. 
Conclusions: Photodynamic therapy during pulse-mode radiation allows to restore the patency of hollow organs in 
stenosing cancers of the gastrointestinal tract and bronchus in a short period of time and improves the quality of life. 
We can observe a radical effect and long-term remission in cases of patients with stage I tumors.

Discovery and evaluation of a novel phthalazine-based vascular endothelial growth factor receptor 2 
inhibitor in glioblastoma cell lines

Selma Zukic1, Larisa Ivanova1, Eva Zusinaite2, Andres Merits2, Uko Maran1

1Institute of Chemistry, University of Tartu, Tartu, Estonia 
2Institute of Bioengineering, University of Tartu, Tartu, Estonia

Background: Cancer is among the leading causes of mortality, and new targeted therapies protecting off-target cells 
and tissues ungenrtly needed. Vascular endothelial growth factor receptor 2 (VEGFR-2) inhibitors are among the first 
clinically approved drug substances for the treatment of tumour-induced angiogenesis. Glioblastoma multiforme 
(GBM) is one of the most aggressive forms of aggressive brain tumour which is also regulated via vascular endothelial 
growth factor (VEGF) and its receptor 2 (VEGFR-2). Objectives: (i) to test the hypothesis that in the structurally diverse 
biochemical space of VEGFR-2 inhibitors with favourable interaction pharmacophores, there is a relationship between 
chemical structure and activity that can be described by a mathematical model; (ii) to design, screen and in vitro 
evaluate new active VEGFR-2 inhibitors based only on structural information of the ligands; (iii) to test promising 
inhibitor(s) in vitro in glioblastoma cell lines. 
Materials and methods: Over two hundred VEGFR-2 inhibitors with highly diverse chemical structures were manually 
collected and curated. Original chemical space was analyzed using machine learning (ML) methodology within the 
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framework of a quantitative structure-activity relationship (QSAR) approach. To put QSAR into practice, the ZINC15 
database was screened with extended scaffolds that were designed to correspond to the application range of the 
model. The screened structures were ranked based on the QSAR prediction and evaluated against VEGFR-2 enzyme. 
Results and conclusion: The resulting QSAR allowed for the analysis of the structure-activity relationship of the 
compounds. One of several experimentally tested compounds showed high activity at the sub-micromolar level in 
inhibiting VEGFR-2, with IC50= 0.497±0.04 μM. The anticancer activity of this compound was evaluated against several 
glioblastoma cell lines. The selected compound was active against H4 and A172 cancer cell lines with EC50=16.3 μM 
and EC50=23.3 μM, respectively. Its toxicity profile in non-cancerous cells was low. After biological evaluation, it can 
be concluded that discovered molecule, with unique structural configuration, can be used as lead molecule to design 
new, potent, and effective VEGFR-2 inhibitors. Further testing of similar molecules in glioblastoma cell lines should be 
continued.

Acknowledgments and funding: This research was funded by Estonian Research Council grants number MOBJD1101 
and number PRG1509.

Copper(II) complexes of indolobenzazepine-derived ligands with kinase inhibitory potential: mechanism 
of cytotoxic action in colorectal tumor cells

Irina Kuznetcova2, Nevenka Gligorijević1, Vladimir B. Arion2, Sandra Aranđelović1
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Background: Following the approval of cisplatin (CDDP) as anticancer drug, research into metallotherapeutics has 
expanded, aiming to develop metal-based drugs with improved efficacy and reduced toxicity. The chemical diversity of 
metal based complexes enables the development of hybrid drugs with bioactive ligands that may overcome limitations 
of traditional treatments, exploiting mechanisms beyond DNA binding, such as enzyme inhibition, redox modulation, 
and interference with cancer signaling. This study explores a new class of ligands structurally related to paullones, which 
exhibit CDK kinase inhibitory activity. Series of eight novel ligands with an indolobenzazepine core were synthesized 
and complexed with copper(II) to improve pharmacological properties. 
Material and Methods: The biological evaluation in vitro included tests for antiproliferative activity, cell cycle effects, 
kinase inhibition and apoptosis induction, with cisplatin as a reference. 
Results and Conclusions: MTT assays in a panel of human tumor cell lines showed that metal-free ligand HL8 and 
Cu(II) complexes 4 and 8 exhibited the highest cytotoxic activities against colorectal carcinoma HCT 116 cells, with IC50 
values in the sub micromolar range (0.8–0.9 µM). A structure-activity relationship analysis suggested that the presence 
of a methyl substituent at the Schiff base C=N group contributes to the potency of ligand HL8 in HCT 116 cells, an effect 
maintained in complex 8 (IC50 = 0.8 μM), while in non-tumor MRC-5 cells IC50 = 1.7 μM. Copper coordination also 
enhanced the activity of HL4 (IC50 =2.03) yielding complex 4 with an improved IC50 of 0.71 µM. Further mechanistic 
studies including cell cycle analysis revealed that HL4 and complex 4 caused mainly G2/M arrest and increased Sub-G1 
apoptotic population. Complex 8 induced a certain Sub-G1 peak, while HL8 led to concentration-dependent cell 
accumulation in G1 phase (after 24 h), suggesting inhibition of key mediators of G1 phase progression. Kinase inhibition 
test confirmed strong inhibitory potency of HL8. Annexin V-FITC apoptosis assay revealed the pro-apoptotic effects 
of complexes 8, HL8, and HL4. Morphological studies showed reduced cell confluency and the presence of rounded, 
irregular cells in a time- and dose-dependent manner, further supporting apoptosis as the main mechanism of cell 
death. Indolobenzazepines HL4 and HL8 represent promising structures for further development of metal complexes 
with multi targeted mode of action.

Acknowledgments and funding This work was supported by the Austrian Science Fund (FWF) via grant number 
P31293-N37, and by the Ministry of Science, Technological Development and Innovation of the Republic of Serbia 
(grant numbers: 451-03-66/2024-03/200043 and 451-03-136/2025-3/200043).
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Cytotoxic activity of Thymus lykae Degen & Jav. (Lamiaceae) essential oil on human cancer cells in vitro
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Background: T. lykae Degen & Jav. is an endemic species from the central Balkans, growing on dry, rocky serpentine 
hills. Recent research has shown that the essential oil of wild T. lykae possesses antioxidant and antimicrobial activities 
and could be used as a potential source of natural antioxidants in the food industry. The aim of this study was to 
determine the cytotoxic potential of the essential oil of T. lykae on certain human cells in vitro: cervical cancer – HeLa, 
the colon cancer – LS 174, the prostate cancer – PC-3 and the normal fibroblast cells – MRC-5. 
Material and Methods: The essential oil was isolated from fresh plant material collected during the flowering period, in 
Serbia. The air-dried plant parts were cut into small pieces and hydrodistilled for 2 hours using the Clevenger apparatus 
to extract the essential oil. Cytotoxic activity was determined using the MTT colorimetric assay. Cells were seeded into 
96-well microtiter plates and five different concentrations of oil diluted in RPMI-1640 medium were added to the wells. 
Final dilutions applied to target cells ranged from 250 to 4000 x. The cultures were incubated for 72 h at 37 °C and then 
20 μL of MTT solution (5 mg/mL in PBS) was added to wells. Number of viable cells in each well was proportional to the 
intensity of formazan formed from the conversion of the MTT dye by viable cells. 
Results: The results of the cytotoxic activity of the essential oil of T. lykae against cancer and normal cells were 
determined as IC50 (half maximum inhibitory concentration – as average of dilution factors from three independent 
experiments). IC50 [dilution] HeLa LS-174 PC-3 MRC-5 1:1998 1:2042 1:2032 1:2155 In all cancer cell lines, the essential 
oil of T. lykae showed a strong anticancer effect, but the results showed no significant differences between the cancer 
and normal cell lines. 
Conclusions: This study is the first report on the potential antitumor activity of the essential oil of endemic wild T. lykae 
on cancer cell lines and offers the possibility for further investigations on other cancer cell lines as well.

Study of the anticancer activity of semisynthetic derivatives of sclareol
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Keywords: in vitro anticancer activity, slcareol, semisynthetic derivatives

Background: Sclareol, a natural substance found in many plants, exhibits significant anticancer properties, promoting 
apoptosis and inhibiting cell proliferation. Purpose: We aimed to study the anticancer activity of semi-synthetic 
derivatives of sclareol with 1,2,4-triazolo[1,5-a] pyrimidines.
Materials and Methods: 20 derivatives, synthesized and provided by the University of Belgrade (Faculty of Chemistry 
and Institute for Biological Research “Siniša Stanković” – National Institute of the Republic of Serbia) were tested for 
their in vitro anticancer activity. The SRB cytotoxicity method was used to study the effect of these substances on 
the proliferation of four different human cancer cell lines: SF-268 (glioblastoma), NCI-H460 (large cell lung cancer), 
MCF7 (breast cancer) and HCT-116 (colorectal carcinoma).The substances TNT396 and TNT397, as well as their four 
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most active derivatives (TNT403, TNT404, TNT405 and TNT406), were studied further for activity against two human 
pancreatic cancer cell lines: PANC-1 and EANM-ATT021013 (patient-derived cells). Wound healing assay at different 
concentrations and time intervals was performed to study the ability of these substances to inhibit cell migration. 
For the ability of the substances to inhibit the formation of colonies by single cells, clonogenic experiments were 
performed. 
Results: 15 out of the 20 substances tested showed strong inhibitory activity (GI50< 6μM). Out of the six substances 
tested in pancreatic cancer, TNT404 showed the strongest antiproliferative activity against PANC-1 (GI50 = 0.3μM). In 
the wound healing assay, TNT404 was found to strongly inhibit cell migration in a time- and dose-dependent manner, 
as well as the formation of PANC-1 colonies. 
Conclusions: All 20 semisynthetic derivatives of sclareol with 1,2,4-triazolo[1,5-a]pyrimidines, tested for the first time 
for their in vitro anticancer activity against six different human cancer cell lines, including a patient-derived PDAC cell 
population, showed significant anticancer activity. Further research into their mechanism of action is underway in our 
laboratories.

Exploring the therapeutic potential of Geum urbanum in glioblastoma: in vitro evaluation on U87 and 
LN229 cells

Simona Lapčević1, Tanja Stojadinović1, Mladen Rajaković2, Danijela Drakulić1, Dejan Stojković2, Danijela Stanisavljević 
Ninković1
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Background: Glioblastoma represents 49% of malignant brain tumors and is the most common and aggressive type 
of brain cancer. Current therapy for this malignant brain is surgery, followed by radiotherapy and chemotherapy, and 
even though its aggressive, prognoses for survival of patients with glioblastoma are poor with high mortality rates. 
One of the unwanted and limiting features of glioblastoma is resistance to therapy. Finding drugs or molecules that can 
overcome this restrain is crucial for developing more effective glioblastoma treatments. Natural compounds derived 
from plants have potential as drugs for the treatment of glioblastoma and are considered as potential anticancer drugs. 
Geum urbanum belongs to the genus Geum, which is characterized by the presence of bioactive compounds with 
known anticancer potential. Our aim was to analyze the effect of G. urbanum extracts on glioblastoma cells. 
Material and Methods: Four extracts were isolated from G. urbanum and were used for treatment of human 
glioblastoma cell lines U87 and LN229. 24h after treatment, cytotoxicity of these extracts was studied using MTT 
assay and microscopy. In addition, we tested the effect of these extracts on U87 sphere viability using Calcein-AM and 
propidium iodide staining. 
Results: Obtained results show that G. urbanum extracts show significant cytotoxic effect on LN229 cell line, while no 
cytotoxicity was observed on U87 cell line. Microscopic visualization of cells treated with G. urbanum extracts revealed 
induction of sphere formation in U87 cells, but no morphological changes in LN229 cells. Measurement of sphere 
viability indicated that G. urbanum extracts had no effect on sphere viability in U87 cells. 
Conclusions: Our results indicate that G. urbanum extracts exhibit selective cytotoxic effects on glioblastoma cells, 
significantly impacting LN229 cells, while demonstrating no cytotoxicity on U87 cells. Interestingly, the extracts 
promoted sphere formation in U87 cells without affecting their viability, suggesting a possible role in modulating cell 
behavior rather than inducing cell death in this line. These findings highlight the potential of G. urbanum as a source 
of bioactive compounds with differential effects on glioblastoma subtypes and support further investigation into its 
mechanisms of action and therapeutic relevance in glioblastoma treatment.
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Adamantane–sclareol hybrids selectively target multidrug resistant glioblastoma cells by inducing 
oxidative stress

Ema Lupšić 1, Marija Grozdanić 1 , Pavle Stojković 2, Igor M. Opsenica 2, Milica Pešić 1 , Ana Podolski-Renić 1

1Institute for Biological Research “Siniša Stanković” – National Institute of the Republic of Serbia, University of Belgrade, Belgrade, 
Serbia 
2University of Belgrade – Faculty of Chemistry, Belgrade, Serbia

Keywords: glioblastoma, innovative anticancer agents, multidrug resistance, oxidative stress, P-glycoprotein

Background: Glioblastoma is an aggressive brain malignancy characterized by a limited therapeutic response, primarily 
due to multidrug resistance (MDR). One critical contributor to MDR is the activity of P-glycoprotein (P-gp), an efflux 
transporter that decreases drug accumulation within cells. Inhibiting P-gp and disrupting redox homeostasis may 
present viable strategies to counteract MDR. This study evaluates the in vitro biological activity of two adamantane-
sclareol hybrid compounds (1 and 2) in terms of glioblastoma cell viability, P-gp functionality, and oxidative stress. 
Materials and Methods: Our experimental model comprises the human glioblastoma U87 cell line (P-gp-negative), its 
drug-resistant counterpart U87-TxR (P-gp-positive), and normal human astroglial SVG p12 cells. Cytotoxicity assays for 
compounds 1 and 2, alone or in combination with paclitaxel (PTX), were conducted via the MTT. Flow cytometry was 
employed to assess P-gp activity, apoptosis induction, and intracellular reactive oxygen species (ROS) levels. Real-time 
PCR was performed to quantify the expression of antioxidant-related genes. 
Results: Compounds 1 and 2 exhibited a more pronounced growth inhibition in glioblastoma cells compared to normal 
SVG p12 cells. These hybrids bypassed MDR in glioblastoma cells, illustrated by lower IC50 values in MDR U87-TxR cells 
relative to sensitive U87 cells. Apoptosis rates were significantly higher in U87-TxR cells when treated with the hybrids 
compared to U87 cells. Furthermore, both compounds enhanced the intracellular accumulation of the P-gp substrate, 
rhodamine 123, indicating their P-gp inhibitory effects. The combination of PTX with compounds 1 and 2 demonstrated 
predominantly synergistic interactions. Notably, both hybrids increased intracellular ROS levels, especially in U87-TxR 
cells. This oxidative stress response was also followed by upregulation of antioxidant-related genes in both glioblastoma 
lines. 
Conclusions: The adamantane-sclareol hybrids exhibit selective cytotoxicity against glioblastoma cells, with a marked 
effect on MDR glioblastoma cells, as confirmed by MTT assay. This selective cytotoxicity was also confirmed by enhanced 
apoptosis induction and disruption of the redox balance, indicating a phenomenon known as collateral sensitivity. 
Additionally, both hybrids inhibited P-gp activity and displayed synergistic interactions with PTX, underscoring their 
therapeutic potential in the treatment of glioblastoma.

Acknowledgments and funding: This research was supported by the Science Fund of the Republic of Serbia, grant No. 
7005, Development of nature-inspired photoresponsive anticancer agents – sclareol and artemisinin derivatives in 
cancer multidrug-resistance models: a foundation of theranostic approach – PhotoSCLART.

The effects of novel diclofenac-based carborane-substituted prodrug on colon cancer cell lines and 
mouse-derived organoids
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Background: Drug repurposing is a promising strategy in drug development in oncology. A notable example of this 
approach is diclofenac, a nonsteroidal anti-inflammatory drug (NSAID) traditionally used for pain relief, which has 
shown anticancer potential via COX-dependent and COX-independent mechanisms. In this study, a novel anticancer 
compound, a unique carborane derivative of diclofenac with a zwitterionic amidine structure and a nido-carborane 
cluster, was developed using fragment-based drug discovery. Designed as an engineered prodrug, it aims to overcome 
traditional NSAID limitations and enhance biological effects. 
Material and Methods: The anticancer properties of the compound were tested against three cancer cell lines: 
murine colon adenocarcinoma (MC38), human colorectal carcinoma (HCT116), and human colorectal adenocarcinoma 
(HT29), as well as peritoneal exudate cells (PECs) isolated from healthy mice and on the human fetal lung fibroblast 
cell line MRC-5. Furthermore, the effects of the experimental compound were tested on colon cancer mouse-derived 
organoids. Cell viability was measured using MTT and CV assays on cell lines and the CellTiter-Glo® assay on organoids. 
The mechanism of action of the substance on the MC38 cell culture was evaluated by flow cytometry and fluorescence 
microscopy.
Results and Conclusions: The tested compound showed strong cytotoxicity on all cancer lines after 72 h, with IC50 
values for PECs and MRC-5 being 2–3 times higher, indicating moderate selectivity towards malignant cells. Treatment 
also decreased the viability of organoids. Flow cytometry analysis revealed that the cytotoxicity of the substance is 
based on caspase-independent apoptosis preceded by cell division blockage. Fluorescence microscopy after PI staining 
confirmed apoptosis, cells with possibly undivided genetic material, and senescence cells. Acridine orange staining 
showed increased presence of autophagosomes, but co-treatment with autophagy inhibitors further reduced viability, 
suggesting a pro-survival role of autophagy. The production of reactive oxygen and nitrogen species (ROS/RNS) in 
the presence of the tested compound was strongly reduced, and it was in concordance with the efficient inhibition 
of COX-2. Our findings suggest that carborane-based prodrugs offer a promising route for developing new anticancer 
therapies, especially as adjuvant or combination therapies. The presented results open valuable possibilities for further 
research.
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PI 304/7-1 (M.L., J.S., and J.P.); HE 1376/54-1 (E.H-H.)) is gratefully acknowledged. Partial support by the DFG (SFB/TRR 
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Novel aroylacrylic acid phenylamides revealed strong prooxidative activity and consequent cell death 
induction in A549 (KRASmut) and Mcf7 (KRASwt) cancer cell lines
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Background: This study was organized to unravel the mechanism responsible for induction of cell death by treatment 
with aroylacrylic acid phenylamides. Four novel structural analogues were designed (1a-1d) by means of Michaels’ 
adduction of seconadary cyclic amines to aroylacrylic acid phenylamides. A549 and Mcf7 cell lines were used as being 
KRASmut and KRASwt, respectively. The difference in their KRAS status implies that A549 and Mcf7 cells utilize disparate 
metabolic strategies to produce energy, and exhibit different responses to applied treatments. 
Material and Methods: Cell death was determined by Annexin V/propidium iodide (PI) staining, mitochondrial 
superoxide anions (MtSR) were detected by MitoSOX Red, total reactive oxygen species (ROS) by DCFDA. Morphological 
integrity of mitochondria and mitochondrial network was determined by MitoTracker CMX Ros (MTR) staining. Analyses 
were performed by flow cytometry and fluorescent microscopy. 
Results: Results of the Annexin V/PI staining after 24 h of treatment showed that Mcf7 cells were more sensitive 
than A549 cells. Cell death response was reversed by co-incubation with N-acetylcysteine (NAC) in both cell lines 
confirming that ROS generation was the mechanism of compounds’ activity. At lower time-frame (6 h), significantly 
higher magnitude of cumulative MtSR production was found only in Mcf7 cells treated with 1a, whereas dimmed 
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MtSR-positive subpopulation was dominant in all treated A549 cells. The true degree of ROS overburden in Mcf7 cells 
was revealed by a massive increase in DCFDA-positive events. MTR staining of A549 cells showed the simultaneous 
presence of hypo and hyperpolarized mitochondria within the same cell, indicating a variety in cellular mitochondrial 
polarization, whereas integrity of mitochondrial network was severely affected in Mcf7 cells. 
Conclusions: Increased survival of A549 and Mcf7 cells co-incubated with 1a-1d and NAC served as a validation that 
both cell lines were affected by ROS generation upon treatment. Dysfunctional oxidative phosphorylation (OXOPHOS) 
in KRASmut A549 cells indicated that ROS generation was not launched at the level of mitochondrial respiration 
complexes I-V. Mcf7 cells were more susceptible to experimental treatments than A549 cells at both 24 h and 6 h of 
investigation. These results imply that fully operative OXOPHOS in KRASwt cells exceedingly amplifies ROS production 
in response to investigated compounds.

Dual diagnostic and therapeutic use of photoactivable BODIPY dyes in cancer

Marija Mioč1, Mladen Paradžik 1, Lidija Uzelac 1, Mladena Glavaš 2, Mihaela Matovina 2, Marina Oskomić2, Lea Barbarić 
2, Nikola Basarić2, Marijeta Kralj 1
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Background: Quinone methides (QMs) are reactive intermediates derived from phenols, capable of alkylating and 
cross-linking DNA, and are linked to the anticancer activity of drugs like mitomycin and anthracyclines. Their targeted 
photochemical generation in tumors presents a promising strategy for novel phototherapeutics. We have developed 
several QM precursors and explored their photocytotoxicity. Recently, we focused on QM precursors linked to BODIPY 
chromophores, aiming to activate them using visible light. Notably, we observed unusual photoreactivity from higher 
excited states, enabling fluorescent photolabeling of proteins. To advance potential theranostic applications, it is 
essential to evaluate the subcellular localization, photoinduced cytotoxicity, and protein-labeling capabilities of these 
compounds. 
Materials and Methods: The antiproliferative activity of BODIPY–QM compounds was assessed using the MTT assay 
on various human and mouse cancer and non-cancer cell lines. Intracellular localization was analyzed by confocal 
microscopy. Photolabeling experiments were conducted by irradiating model proteins (e.g., bovine serum albumin, 
human serum albumin, and dipeptidyl peptidase III – DPP III), followed by SDS-PAGE. The enzymatic activity of irradiated 
DPP III was also evaluated. 
Results: In the absence of light, the compounds exhibited little or no cytotoxicity. However, upon visible-light irradiation, 
several compounds showed marked cytotoxicity, confirming photoactivation-dependent effects. Confocal imaging 
revealed that BODIPY derivatives localize predominantly in the cytoplasm and membrane-rich organelles, as confirmed 
using organelle-specific antibodies. Irradiation of model proteins led to covalent dye–protein binding, with efficiency 
varying between proteins. Optimal concentrations and irradiation times were determined for effective photolabeling. 
Conclusions: BODIPY-based QM precursors show strong potential for the development of photoactivatable anticancer 
agents, effective under both normoxic and hypoxic conditions. Furthermore, their capacity for fluorescent protein 
labeling supports their use in innovative diagnostic or theranostic approaches.
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In vitro antitumor activity of novel Schiff base-derived palladium complexes
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Background: The treatment of cancer represents the most challenging issue of modern science, particularly due to 
the resistance of tumor cells to many utilized protocols and treatments, as well as serious side effects. Thus, the 
development of new anti-cancer agents with increased activity and lowered toxicity is one of the major directions 
of modern science. Due to structural resemblance with well-known platinum compounds, palladium-based metallo-
drugs have found a significant place in cancer research. In this study, we aimed to determine the cytotoxic effect of 
three novel synthesized Pd(II) complexes with Schiff bases as ligands, on the PC-3 and DU-145 cell lines, along with 
healthy fibroblast cell line MRC-5.
Materials and methods: Cells were treated with ligands and palladium complexes and cell viability and death induction 
upon treatment were examined.The molecular docking studies were performed to support experimentally obtained 
results. In addition, the fluorometric quenching assay was performed to determine the binding mode between tested 
complexes and the DNA molecule. 
Results: All screened complexes showed high cytotoxic activity toward selected cell lines, while complex 2c combining 
salicylic and tryptamine structural motifs, demonstrated even better activity than cisplatin for both tested cell lines, 
with IC50 values of 7.1 µM (DU-145) and 8.6 µM (PC-3). Flow cytometry analysis showed that all complexes are capable of 
inducing apoptosis through the Bcl-2 and caspase family activation. Sophisticated molecular docking studies supported 
the experimental findings, while fluorescence assay indicated that complexes interact with double-helical DNA through 
both binding modes, the intercalation and minor groove binding.
Conclusions: The findings arising from this study have underscore the selective anticancer potential of the newly 
synthesized Pd(II) complexes (2a–c), particularly their preferential activity against human prostate cancer cell lines. 
Taking into consideration the fact thatphysico-chemical and pharmacological properties of Schiff bases can be easily 
tuned through structural modification, these results offer numerous possibilities for further manipulation of ligand and 
complex structure in order to find more effective, more selective and less toxic anti-cancer metallo-drug candidates.  

Acknowledgments: The authors thank the Ministry of Science, Technological Development and Innovation of the 
Republic of Serbia (Agreements No 451-03-136/2025-03/200378, 451-03-66/2024-03/200122, 451-03-65/2024-
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Comparative Transcriptome Analysis of Caspase and Apoptosis Pathway of K562 cells treated with butin, 
butein, and sulfuretin from the heartwood of Cotinus coggygria Scop.
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Background: This research examined the anticancer effects of butin, butein, and sulfuretin, which are derived from 
the heartwood of Cotinus coggygria, against K562 cells. In K562, the main treatment approach focuses on targeting 
BCR-ABL signaling with TKIs. To explore apoptosis induction as an additional therapeutic approach, the study aimed to 
determine whether these natural compounds can enhance or restore apoptotic responses in p53-null leukemia cells.
Material and Methods: The study employed flow cytometry to assess the patterns of apoptosis and caspase activation. 
RNA-Seq was used to substantiate the results obtained from the cellular assay.
Results: In the caspase inhibitor assays, each compound exhibited a distinct dependency profile (butin and butein 
on caspase-3/-8, and sulfuretin primarily on caspase-3), and the RNA-Seq results provided a matching molecular 
“fingerprint” for these differences. Notably, butin and sulfuretin both induced transcriptional upregulation of CASP7 
and CASP10, whereas butein did not significantly alter these particular caspases. Conversely, butein and sulfuretin 
upregulated CASP9 (mitochondrial pathway). Only sulfuretin led to a significant downregulation of CASP8 transcripts, 
consistent with its reduced reliance on the extrinsic initiator caspase. All three treatments induced the upregulation of 
pro-apoptotic genes, including BAX, BAK1, and APAF1, as well as FADD, TRAIL, and TNFRSF10B, indicating a pro-apoptotic 
transcriptional program. Butein, which influenced the highest number of genes (809 DEGs), triggered both the extrinsic 
and intrinsic pathways and exhibited the most extensive enrichment of apoptosis-related genes. Butin predominantly 
engaged the extrinsic pathway with a strong executioner caspase response, while showing minimal impact on intrinsic 
caspase-9, aligning with its caspase-8 dependence. Sulfuretin, with the fewest DEGs (299), still upregulated CASP9 
and CASP7 but uniquely repressed CASP8, implying that it may bypass the extrinsic route. Sulfuretin’s transcriptome 
showed strong downregulation of anti-apoptotic factors (e.g., BCL-2 family and IAP genes).
Conclusions: All three investigated compounds, flavanone butin, chalcone butein, and aurone sulfuretin, converge on 
the induction of apoptosis, as evidenced by both functional assays and GSEA data.

Acknowledgments and funding: The authors are grateful to the Ministry of Science, Technological Development, and 
Innovation of the Republic of Serbia for the financial support (Grant numbers: 451-03-136/2025-03/200043, 451-03-
136/2025-03/200026). The authors would like to thank Tatjana Petrović, and Jasna Popović Basić for their excellent 
technical assistance.

DPP3 knockdown in HeLa cells induces G1 arrest
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Background: Dipeptidyl peptidase 3 (DPP3) is a cytosolic zinc-dependent metallopeptidase that contributes to the 
intracellular degradation of peptides and the regulation of oxidative stress. DPP3 is overexpressed in a variety of cancers 
(endometrial, ovarian, lung, breast, colorectal and esophageal) suggesting its possible role in cancer development. 
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Because of the interplay between stress signaling and cell cycle checkpoints, the objective of our research was to 
investigate DPP3 knockdown effects on cell cycle regulatory pathways in cervical carcinoma cells, so we analysed cell 
cycle distribution and the expression of CDKN1A (p21), a cyclin-dependent kinase inhibitor, that is related to cell cycle 
arrest and is typically elevated due to cellular stress, after DPP3 knock-down in HeLa cells.
Material and Methods: HeLa cells were subjected to DPP3 depletion by siRNA-mediated knockdown. At 48 hours post-
transfection, cells were harvested for protein isolation and subjected to SDS-PAGE and western blot analysis to assess 
knockdown efficiency and p21 protein levels, alongside mRNA quantification by qPCR. For cell cycle analysis, cells were 
ethanol fixed, treated with RNase, and stained with propidium iodide. DNA content was analyzed by flow cytometry to 
determine cell cycle phase distribution.
Results: DPP3 silencing in HeLa cells resulted in effective knockdown as confirmed by western blot, accompanied 
by an increase in CDKN1 (p21) expression at both mRNA and protein levels. Flow cytometry analysis demonstrated 
significant G1 phase arrest, indicating an inhibitory effect on cell cycle progression.
Conclusions: Our results indicated that DPP3 knockdown results in G1 phase arrest in HeLa cells by increasing p21 
expression, supporting DPP3 as a potential negative regulator of the cell cycle, in relation to a p21-mediated pathways, 
and a potential therapeutic target for future cancer therapies.

Sirtuin 3 enhances stress sensitivity and cell cycle disruption in triple-negative breast cancer
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Background: Triple-negative breast cancer (TNBC), an aggressive subtype lacking estrogen receptor, progesterone 
receptor, and HER2 expression, is associated with high recurrence rates and limited targeted treatment options. Sirtuin 
3 (Sirt3) is a mitochondrial NAD⁺-dependent deacetylase that plays a central role in regulating cellular metabolism, 
oxidative stress, and mitochondrial function. In breast cancer, Sirt3 has been suggested to have a potential dual 
role, acting either as a tumor suppressor or as a promoter of cancer progression. We previously demonstrated 
that overexpression of Sirt3 diminishes tumorigenic properties in the TNBC cell line MDA-MB-231, supporting its 
potential tumor-suppressive function in this context. In the present study, we further investigated the effects of Sirt3 
overexpression in MDA-MB-231 cells under normal and hyperoxic conditions. 
Materials and methods: We use MDA-MB-231 breast cancer cells transfected with the FLAG-tagged Sirt3 (MDA-S3) 
or empty pcDNA3.1 plasmid (MDA-C). Upon hyperoxic treatment, cells were analyzed for metabolic activity using 
MTT assay. Apoptosis and cell cycle distribution are quantified via flow cytometry. Cell morphology and subcellular 
localization of proteins of interest, as well as DNA damage were analyzed using confocal microscopy. Western blot was 
used to analyze or confirm protein expression.
Results: Our findings reveal that Sirt3 increases metabolic activity in MDA-MB-231 cells while simultaneously promoting 
apoptosis and DNA damage. Notably, exposure to hyperoxic conditions further amplified these effects, resulting in 
enhanced apoptosis, higher levels of DNA damage, and cell cycle disruption characterized by S-phase arrest. These 
results indicate that, despite promoting metabolic activity, Sirt3 sensitizes TNBC cells to hyperoxic stress, ultimately 
enhancing cell death. 
Conclusions: Taken together, these data expand on previous observations by demonstrating that Sirt3 not only 
diminishes tumorigenic potential but also modulates stress susceptibility, genome stability, and cell cycle progression in 
TNBC cells. This supports the hypothesis that Sirt3 functions as a tumor suppressor in TNBC and highlights its potential 
as a target for therapeutic strategies aimed at increasing vulnerability of cancer cells to metabolic and oxidative stress.
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Cytotoxic evaluation of novel 4-oxothiazolidine derivatives on human cancer cell lines
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Background: 4-oxothiazolidine and its derivatives are an important class of heterocyclic compounds known for their 
diverse pharmacological effects, including anticancer activity. Their low cost of synthesis, structural diversity, and 
potential for selective cytotoxicity make them valuable candidates for further research. This study aimed to investigate 
the in vitro cytotoxic activity of selected 4-oxothiazolidine derivatives on various cell lines. 
Material and Methods: The cytotoxicity of 14 synthesized 4oxothiazolidine derivatives, divided into three groups 
((1) compounds 1-6, no substituent; (2) compounds 7-10 with 2ethoxy2oxoethyl substituent; and (3) compounds 11-
14, methyl substituent) based on the substituent at position 5 of the thiazolidine ring, was assessed using the 
Sulforhodamine B assay on 6 human cell lines: HeLa, HCT-116, MIA PaCa-2, PANC-1, MDA-468 cancer cells, and MRC-5 
normal lung fibroblasts, 72 h after treatment. 
Results: All tested compounds exhibited varying cell line-specific effects, with significant differences in both activity 
and selectivity. The HCT116 cells showed an excellent response to treatment with all analyzed 4-oxothiazolidine 
derivatives, with viability percentages 14.3-46.5%, except for compound 1 (73.5%). HeLa cells were particularly sensitive 
to compounds 4 and 6, with approximately 10% of viable cells remaining, while they showed moderate sensitivity to 
the other compounds (30-60%). Compounds 6 and 9-14 exhibited significant cytotoxic effects, reducing the viability 
of MIA PaCa-2 cells to 23.5-56.1%, while all other compounds had little to no effect (70.7-92.7%). PANC-1 and MDA-
468 cells demonstrated considerable resistance to 4-oxothiazolidine derivatives, with viability of over 58% and 59.6%, 
respectively. Notably, MDA-468 cells showed stimulation after treatment with compounds 1 and 6. Compound 9 
exhibited the best selectivity, with 73% of fibroblasts remaining viable post- treatment. 
Conclusions: The tested 4-oxothiazolidine derivatives showed cell-specific cytotoxic effects, with significant variability 
in both potency and selectivity among the derivatives. Some cancer cell lines exhibited greater sensitivity to these 
compounds, suggesting that their effectiveness may vary depending on specific tumor types or cellular characteristics. 
In contrast, other cell lines showed moderate to low sensitivity, highlighting the importance of understanding how 
these compounds interact with different cancer contexts.

Acknowledgments and funding: This study was supported by the Ministry of Science, Technological Development 
and Innovation of the Republic of Serbia (contract numbers: 451-03-136/2025-03/200017 and 451-03-136/2025-
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Two novel pyrimidine-artesunate hybrids overcome multidrug-resistance in non-small cell lung 
carcinoma through collateral sensitivity
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Background: Two novel hybrid compounds (1 and 2) based on artemisinin and pyrimidine were tested for their 
anticancer activity against non-small cell lung carcinoma (NSCLC), specifically targeting multidrug-resistance mediated 
by P-glycoprotein (P-gp). 
Materials and Methods: We used the human NSCLC cell line NCI-H460 (without P-gp expression), its multidrug-
resistant counterpart NCI-H460/R (with P-gp expression), and the normal human lung fibroblast cell line MRC-5. Cell 
viability after treatment with 1 and 2, alone or in combination with the P-gp inhibitors dexverapamil (Dex-Ver) and 
tariquidar (TQ), was assessed using the MTT assay. Accumulation of the rhodamine 123 (Rho 123), a P-gp substrate, 
was analyzed by flow cytometry. 
Results: Compounds 1 and 2 exhibited enhanced cytotoxicity towards resistant NCI-H460/R cells, indicating collateral 
sensitivity. Both compounds also showed significant selectivity for cancer cells. Flow cytometry analysis revealed 
that 1 and 2 effectively inhibited P-gp activity, as evidenced by the increased accumulation of Rho 123. Simultaneous 
treatment of 1 and 2 with P-gp inhibitors indicated that the type of P-gp inhibition matters. The substrate inhibitor Dex-
Ver lowered cytotoxicity of 1 and 2, while the non-substrate inhibitor TQ, increased it. Flow cytometry also showed that 
co-treatment with Dex-Ver further increased Rho 123 levels, indicating additive inhibition. However, when combined 
with TQ, Rho 123 accumulation was comparable to that of TQ alone, suggesting that P-gp was already maximally 
inhibited and the compounds made no further contribution. 
Conclusions: The study demonstrates that pyrimidine-artesunate hybrids selectively target MDR cancer cells, 
emphasising their potential to overcome drug resistance in cancer treatment.
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Background: Pyrido-dipyrimidine compounds have gained substantial attention in medicinal chemistry due to their 
potential as anticancer agents. These compounds are known to inhibit essential pathways involved in tumor growth 
and proliferation, positioning them as promising therapeutic candidates. The present study investigates the in vitro 
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cytotoxic effects of a newly synthesized class of pyrido-dipyrimidine compounds against human cancer cell lines, 
aiming to evaluate their therapeutic potential and underlying mechanisms of action. 
Material and methods: To evaluate the cytotoxic effects, 25 pyrido-dipyrimidine compounds (C1-C25) were tested on 
human cell lines: HeLa (cervical adenocarcinoma), K562 (chronic myeloid leukemia), LS174 (colon adenocarcinoma), 
A549 (lung adenocarcinoma), and MRC5 (non-malignant fetal lung fibroblasts). Cells were exposed to graded 
concentrations of the compounds and incubated for 24, 48, and 72 hours, followed by assessment of cell survival via 
the MTT assay. The most active compounds were selected for further investigation, specifically targeting HeLa and 
K562 cell lines. Flow cytometry (propidium iodide staining) and fluorescence microscopy (acridine orange/ethidium 
bromide staining) were utilized to analyze cell cycle distribution and morphological changes. Additionally, selective 
caspase inhibitors were used to elucidate the apoptotic pathways involved. 
Results: Results showed that the compounds exhibited concentration-dependent cytotoxicity. HeLa and K562 cells 
demonstrated the highest sensitivity, with C17 and C9 yielding the lowest IC50 values (9.82±1.07 μM and 17.36±1.39 
μM, respectively) and displaying high selectivity over MRC5 cells (selectivity coefficients of 12.46 for C17 and 9.20 for 
C9). Further analysis revealed that these compounds significantly increased the SubG1 cell cycle phase, suggesting 
apoptosis induction. Fluorescence microscopy with AO/EB staining further confirmed characteristic apoptotic 
morphological changes. Flow cytometric analysis indicated that apoptosis induced by C17, was inhibited by caspase 
inhibitors, implicating caspase-3, -8, and -9 in its apoptotic pathway, while C9 functioned via a caspase-independent 
mechanism. 
Conclusions: These findings suggest that novel pyrido-dipyrimidine compounds C17 and C9 are potent, selective 
cytotoxic agents with distinct apoptotic mechanisms, highlighting their potential as candidates for future cancer 
research.
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Background: Glioblastoma multiforme (GBM) is the most prevalent and aggressive form of malignant brain cancer 
in adults, with a 5-year overall survival rate of 9.8%. It is characterized by rapid growth and a highly invasive nature. 
The standard approach for GBM treatment includes surgical resection followed by radiotherapy combined with 
temozolomide therapy. Improving the response of GBM cells to radiotherapy remains one of the major challenges in 
clinical oncology, and discovering novel molecules that can enhance radiosensitivity is a promising strategy to overcome 
this hurdle. MicroRNAs (miRNAs) regulate key processes in GBM progression and can influence radiosensitivity by 
targeting radiation-related pathways, making them promising therapeutic targets. The brain-specific miRNA miR-219 is 
already recognized as an important tumor suppressor in GBM. The main aim of this study is to analyze how modulating 
miR-219 expression affects the radiosensitivity of GBM cells. 
Methods: GBM cell line LN229 was transduced with a miR-219 lentiviral construct for overexpression or with a control 
vector. Transduced cells were then seeded into different dishes and, the next day, irradiated with 4 Gy or sham-
irradiated. To analyze the migration potential, a wound scratch assay was performed. The sphere-forming ability was 
assessed using a sphere formation assay, including measurements of sphere size and propidium iodide (PI) staining. 
Expression of the Vimentin marker, associated with epithelial-to-mesenchymal transition and GBM stem cells, was 
analyzed in both 2D and 3D cultures using immunocytochemistry. 
Results: LN229 cells overexpressing miR-219 showed a significantly lower migration rate compared to control cells 
under both sham-irradiated and irradiated conditions. Spheroids formed by miR-219 overexpressing cells exhibited 
a significantly lower growth rate compared to control cells. PI staining confirmed a higher proportion of dead cells in 
both sham-irradiated and irradiated conditions, associated with miR-219 overexpression. Also, Vimentin expression 
was reduced in cells with miR-219 overexpression in both 2D and 3D models, under sham-irradiated and irradiated 
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conditions. 
Conclusions: miR-219 overexpression reduces migration, growth, and Vimentin expression in GBM cells, while 
increasing cell death under both sham and irradiated conditions. These results suggest that miR-219 may enhance 
radiosensitivity and could serve as a potential therapeutic target in GBM.

Acknowledgments and funding: The authors are grateful to the Ministry of Science, Technological Development, and 
Innovation of the Republic of Serbia for the financial support.
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Background: Traditional medicine indicates that plants of the genus Teucrium are rich in polyphenols, which are of 
interest due to their potential anticancer properties. In this study, we focused on evaluating the cytotoxic activity 
of two ethanolic extracts (T. montanum & T. capitatum), as well as their effects on cell cycle distribution. The plant 
material was collected in Montenegro. 
Material and methods: The cytotoxic activity (IC₅₀) of Teucrium extracts was evaluated on six human cell lines: 
HeLa (cervical adenocarcinoma), MDA-MB-231 (breast adenocarcinoma), A549 (lung carcinoma), A375 (malignant 
melanoma), LS 174T (colorectal adenocarcinoma), and HaCaT (normal keratinocytes). The effects of the extracts on the 
distribution of HeLa cells throughout the cell cycle were assessed by flow cytometry. Phytochemical composition (total 
phenolics, flavonoids, anthocyanins) was quantified spectrophotometrically, while mineral content was measured 
using ICP-MS and ICP-OES. 
Results: Teucrium extracts had high concentrations of polyphenolic compounds. In terms of mineral content, the samples 
were very rich in essential minerals, with T. montanum showing notably high levels of phosphorus, magnesium and 
iron. These results highlight the nutritional and bioactive potential of both Teucrium species. Both extracts exhibited 
low cytotoxic activity against cancer cell lines, with the highest intensity observed on HeLa cells (IC₅₀ = 256.33 ± 10.31 
µM for T. capitatum and IC₅₀ = 314.14 ± 20.83 µM for T. montanum). T. capitatum also showed activity against A549 
(IC₅₀ = 238.37 ± 43.71 µM) and A375 (IC₅₀ = 224.99 ± 5.19 µM) cells, whereas T. montanum displayed lower cytotoxicity 
against tested lines. LS 174T and MDA-MB-231 cells were resistant to both extracts. These results indicate that both 
Teucrium species contain bioactive compounds warranting further studies on their anticancer mechanisms. Compared 
to the control, T. montanum & T. capitatum increased the percentage of cells in subG1 phase and G2/M phases of the 
cell cycle after 24 h and 48 h treatment. 
Conclusion: The ethanolic extracts of T. capitatum and T. montanum exerted cytotoxic effects against various human 
cancer cell lines and induced cell death of HeLa cells. They were also found to be rich in polyphenolic compounds, 
highlighting their bioactive potential. Both species warrant further research to understand their anticancer effects.
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SESSION 12
TOXIC TRIGGERS: ENVIROMENTAL CHEMICALS AND CANCER RISK
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Background: Bisphenol A (BPA), a widely used industrial compound, is recognized for its endocrine-disrupting 
potential and its detrimental effects on multiple organ systems, including the reproductive, neurological, hepatic, 
and cardiovascular systems. Chronic exposure to BPA, even at low doses, has been associated with oxidative stress, 
inflammation, and metabolic dysfunction. Mangiferin, a natural xanthone glycoside primarily isolated from Mangifera 
indica, has demonstrated potent antioxidant, anti-inflammatory, and cytoprotective properties in various experimental 
models. This study aims to evaluate the protective effect of mangiferin against BPA-induced cellular and systemic 
toxicity in vitro.
Methods: The cytotoxic effect of siramesine on endothelial cells (HUVEC) was examined with the SRB. HUVEC cells 
were exposed to Bisphenol A (BPA) at concentrations ranging from 10 to 100 μM. This exposure was conducted in the 
presence or absence of Mangiferin, a compound that was administered at concentrations ranging from 10 to 100 μM. 
Human Umbilical Vein Endothelial Cell (HUVEC) cells were exposed to bisphenol A (BPA) at concentrations of 5, 45 and 
90 μM, 5 μM MNG, and a combination of both, over a 24-48 hour period. This experimental approach was adopted for 
cell cycle analysis and wound healing assay. The primary objective of this investigation was to ascertain the protective 
effect of MNG.
Results: Mangiferin demonstrated no cytotoxic effect on HUVEC cells within the applied dose range. The investigation 
revealed that the presence of bisphenol A resulted in a dose-dependent enhancement in the degree of cytotoxic effect, 
within the established range of doses. The Bisphenol A GI50 dose was determined to be 88.01 µM, the TGI dose was 
134.34 µM, and the LC50 dose was 179.5 µM. Cell viability increased in the combination of Bisphenol A 90 µM and 
Mangiferin 5 µM. The results of the cell cycle and wound healing experiments provide support for cell viability results.
Conclusion: Mangiferin is hypothesized to attenuate BPA-induced cell stress, normalize cell behavior, and preserve 
cell integrity. Our results will provide critical insights into the protective efficacy of mangiferin against BPA toxicity and 
contribute to the development of plant-derived interventions for environmental toxicant exposure.
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SESSION 13
TUMOR METABOLISM

Sodium bicarbonate–induced alkalization modulates tumor cell viability and metabolic activity in vitro

Alexey Bogdanov, Andrey Bogdanov, Vladimir Burdakov, Kseniya Mitusova, Vladimir Moiseenko

N.P. Napalkov St. Petersburg Clinical Scientific and Practical Center for Specialized Medical Care (Oncology), Saint Petersburg, 
Russia

Keywords: alkalizing therapy, tumor cells, sodium bicarbonate

Background: Tumor cells display a hyperactive metabolism marked by aerobic glycolysis (the Warburg effect), leading 
to excess lactate production and extracellular acidosis, which promotes invasion, metastasis, and extracellular matrix 
remodeling – hallmarks of the acidic tumor microenvironment that enhance cancer cell survival and malignancy. This 
study aimed to investigate the effects of alkalizing tumor cells in vitro using sodium bicarbonate (NaHCO3) as a pH-
modulating agent.
Materials and Methods: Mouse CT26 colon adenocarcinoma and patient-derived melanoma cells were cultured 
at 37°C, 5% CO₂ in RPMI-1640 or DMEM/F12 medium supplemented with 10% fetal bovine serum, and 50 µg/mL 
gentamicin. Alkalization was induced by supplementing the culture media with NaHCO3 solution, adjusted for baseline 
bicarbonate concentrations in each medium. Medium pH was monitored via phenol red spectral changes, metabolites 
were analyzed biochemically, and apoptosis (Annexin V-FITC/PI), lysosomal activity (Lyso Green), proliferation (Ki67), and 
cell migration and monolayer recovery (scratch wound assay) were assessed according to manufacturer's instructions.
Results: Elevated NaHCO₃ concentrations significantly reduced cell proliferation and increased cytotoxicity. No further 
increase in cell number was observed at NaHCO₃ concentrations exceeding 0.95 M. While NaHCO₃ supplementation 
proportionally raised the initial extracellular pH, progressive acidification occurred over time due to ongoing cellular 
metabolism and metabolite accumulation, despite regular medium changes. Concomitant decreases in glucose and 
glutamine levels, along with increased lactate production, indicated sustained metabolic activity. At higher NaHCO₃ 
concentrations, glucose was completely depleted within 48 hours without medium renewal. Additionally, elevated 
bicarbonate levels enhanced lysosomal activity, as detected by flow cytometry using Lyso Green, and delayed monolayer 
wound healing in both CT26 and melanoma cells.
Conclusions: Alkalizing tumor cells with sodium bicarbonate may exert antitumor effects by disrupting metabolic 
homeostasis and inducing programmed cell death. These findings suggest that modulating the acidic tumor 
microenvironment through bicarbonate-based interventions could represent a promising adjunctive strategy in cancer 
therapy.

Acknowledgments and funding: The study was funded by a grant from the Russian Science Foundation № 24-15-
00297, https://rscf.ru/en/project/24-15-00297/
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Overcoming oxygen heterogeneity in cancer photodynamic therapy to boost cytotoxicity

Alexey Bogdanov, Vladimir Klimenko, Vladimir Moiseyenko

N.P. Napalkov Saint Petersburg Clinical Research and Practical Center of Specialized Types of Medical Care (Oncological), Saint 
Petersburg, Russia
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Background: Photodynamic therapy (PDT) represents an important addition to traditional cancer treatment 
methods. However, tumor hypoxia and oxygen heterogeneity significantly limit its clinical effectiveness. The 
development of strategies to overcome these limitations is a pressing issue. The aim of this study was to 
evaluate the impact of metabolic oxygen consumption in tumor spheroids formed from mouse CT26 colon 
adenocarcinoma cells on the formation of hypoxic zones and the efficacy of photodynamic action (PDA). 
Materials and Methods: Tumor spheroids were formed by seeding CT26 cells into low-adhesion round-
bottom plates. A chlorin e6-based photosensitizer was used, and irradiation was performed using a 662 
nm laser. Modeling of oxygen concentration changes within 650 µm diameter spheroids was carried out 
using COMSOL Multiphysics, taking into account cellular metabolic oxygen consumption. Assessment of 
photochemical oxygen consumption was conducted using a macroscopic model of singlet oxygen generation. 
Results: It was shown that cellular metabolic activity leads to the formation of an oxygen gradient and the 
establishment of a hypoxic zone (with oxygen concentration below 1 µM) in the center of the spheroid. Spheroids 
were classified by size: small (100–400 µm), medium (400–650 µm), and large (650–1200 µm). Hypoxic tumor 
zones demonstrated protection against PDA at an irradiation dose of 15 J/cm², which affected cytotoxic efficacy 
and promoted spheroid regrowth. Medium-sized spheroids exhibited the highest resistance. Growth suppression 
in large spheroids was achieved after PDA with a dose of 15 J/cm² and an average power density of 12.5 mW/
cm². Mathematical modeling showed that metabolic oxygen consumption reduces oxygen concentration at the 
spheroid surface to 70–80 µM, forming hypoxic zones in the center. During PDA, an increased oxygen consumption 
rate and reduced surface oxygen concentration were observed. The viable cell zone protected from PDA was 
located at the boundary adjacent to the necrotic core, where oxygen concentration ranged from 1 to 10 µM. 
Conclusions: To enhance PDT efficacy, it is crucial to account for tumor oxygen levels as low as 1–10 µM, caused by 
high metabolic consumption and limited diffusion. Computational modeling of singlet oxygen generation supports 
experimental findings and underscores the need for optimized irradiation protocols to overcome hypoxia and improve 
treatment outcomes.

Acknowledgments and funding: This work was supported by the Health Committee of Saint Petersburg state 
assignment for N.P. Napalkov Saint Petersburg Clinical Research and Practical Center of Specialized Types of Medical 
Care (Oncological).

Targeting glycolysis with 2-Deoxy-D-Glucose and lysosomal integrity with L-Leucyl-L-Leucine methyl ester 
as antimelanoma strategy
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Background: Malignant melanomas are characterized by enhanced glycolysis, which supplies energy and biosynthetic 
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precursors for rapid proliferation. Melanomas also exhibit increased lysosomal fragility and elevated levels of lysosomal 
enzymes cathepsins. Cathepsins promote metastasis and immune evasion, but when released into the cytosol upon 
lysosomal membrane permeabilization, they trigger cell death. This study aimed to evaluate the antimelanoma 
potential of 2-deoxy-D-glucose (2DG), an inhibitor of the glycolytic enzyme hexokinase, in combination with L-leucyl-L-
leucine methyl ester (LLOMe), a lysosome-destabilizing agent. 
Materials and Methods: Gene expression data from melanoma patients and normal skin (GEO dataset GSE3189) 
were analyzed using the Mann-Whitney U test. Human A375 melanoma cells were treated with 2DG, LLOMe, or their 
combination. Cell viability was assessed by MTT assay. Flow cytometry was used to assess apoptosis by detecting 
phosphatidylserine externalization (Annexin V/PI staining) and DNA fragmentation (sub-G1 DNA content analysis of PI-
stained cells). Caspase activation was measured fluorometrically (ApoStat staining). The type of 2DG+LLOMe-induced 
cell death was determined by assessing viability of cells pretreated with inhibitors of caspases, necroptosis, ferroptosis, 
and autophagy. 
Results: GEO analysis revealed elevated expression of glycolytic enzymes (hexokinase, phosphoglucose isomerase, 
platelet-type phosphofructokinase, aldolase, lactate dehydrogenase, glyceraldehyde-3-phosphate dehydrogenase, 
triosephosphate isomerase, pyruvate kinase) and lysosomal proteases (cathepsins B, D, Z) in melanoma relative 
to normal skin. Both 2DG and LLOMe reduced the viability of A375 cells, with a markedly enhanced effect when 
combined, indicating a synergistic interaction as demonstrated by α-index >1. This cytotoxicity involved caspase 
activation, phosphatidylserine exposure, and DNA fragmentation. Caspase inhibitors, but not inhibitors of necroptosis, 
ferroptosis, or autophagy, reduced 2DG+LLOMe-induced cell death. 
Conclusions: By demonstrating elevated expression of glycolytic enzymes and cathepsins during melanoma progression, 
along with the synergistic pro-apoptotic effect of the glycolytic inhibitor 2DG and lysosomal destabilizing agent LLOMe 
in melanoma cells, our study supports further investigation of dual targeting of glycolysis and lysosomal stability as a 
therapeutic strategy in melanoma.

Acknowledgments and funding: This work was funded by the Ministry of Science, Technological Development and 
Innovation of the Republic of Serbia (Contract No. 451-03-137/2025-03/ 200110 and 451-03-136/2025-03/200007) 
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Synergistic antimelanoma effect of shikonin-mediated glycolysis inhibition and chloroquine-induced 
lysosomal destabilization in A375 melanoma cells
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Background: Malignant melanoma is the most aggressive form of skin cancer, for which a fully effective therapy is 
still lacking. Melanoma cells upregulate glycolysis to sustain rapid growth and proliferation, while increased lysosomal 
volume and elevated activity of lysosomal enzymes cathepsins contribute to their invasiveness and chemoresistance. 
However, lysosomal membrane permeabilization (LMP), followed by cathepsin release into the cytoplasm, can trigger 
cell death. Shikonin (SH) is a natural inhibitor of the glycolytic enzyme pyruvate kinase M2 (PKM2). Chloroquine (CQ), 
an antimalarial drug, can induce LMP and promote the release of cathepsins B and D into cytoplasm. The aim of this 
study was to evaluate the antimelanoma effects of combined glycolysis inhibition by SH and lysosomal destabilization 
by CQ in A375 melanoma cells. 
Material and Methods: The expression levels of PKM2, cathepsin B (CTSB), and cathepsin D (CTSD) genes were 
analyzed in patient-derived normal skin, benign nevi, and malignant melanoma samples from the publicly available 
GEO dataset GSE3189 using the Mann-Whitney U test in GraphPad Prism. Cell viability was assessed by mitochondrial 
dehydrogenase reduction assay and crystal violet staining. The type of cytotoxic interaction between the two treatments 
was determined using the interaction coefficient (α), calculated as α = SFsh × SFCQ/SFsh+cq, where SF represents 
the survival fraction of the indicated treatment. Apoptosis and necrosis were evaluated by flow cytometry following 
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Annexin V-FITC and propidium iodide staining. 
Results: Expression of PKM2, CTSB, and CTSD was significantly higher in malignant melanoma than in normal skin or 
benign nevi. Both SH and CQ reduced A375 cell viability in a dose-dependent manner, with their combination exhibiting 
enhanced cytotoxicity. The calculated α value was greater than 1, indicating a synergistic interaction between SH and 
CQ. Annexin V/PI flow cytometry revealed that both agents induced apoptosis, which was significantly amplified by the 
combined treatment. 
Conclusions: Dual targeting of melanoma-upregulated PKM2 with SH and cathepsins B/C with CQ resulted in synergistic 
proapoptotic effects in A375 melanoma cells, suggesting that this combined approach may represent an effective 
therapeutic strategy for melanoma.
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Background: Melanoma cells exhibit high glycolytic activity and increased lysosomal fragility. Cathepsins, overexpressed 
in melanoma, support tumor progression but trigger cell death upon lysosomal membrane permeabilization (LMP). 
This study investigated the mechanisms by which the glycolytic inhibitor 2-deoxy-D-glucose (2DG) synergized with LMP 
inducer L-leucyl-L-leucine methyl ester (LLOMe), to induce death of human A375 melanoma cells. 
Materials and Methods: Cell viability was measured by the crystal violet test. Lysosomal integrity was evaluated using 
acidophilic dyes LysoTracker and acridine orange via fluorescent microscopy and flow cytometry. Fluorometric assays 
were used to measure mitochondrial membrane potential (JC-1), mitochondrial superoxide production (MitoSOX™ 
Red), glycolytic activity (pH-Xtra™ Glycolysis Assay), oxidative phosphorylation (MitoXpress® Xtra Oxygen Consumption 
Assay), and intracellular ATP levels (ATP assay kit). Cells were pretreated with cysteine cathepsin inhibitors (E64d, 
MG132), aspartic cathepsin inhibitor (Pepstatin A), lysosomal acidification inhibitor (bafilomycin A1), antioxidant NAC, 
and energy booster L-carnitine to further dissect the contribution of specific pathways. 
Results: LLOMe synergized with 2DG to induce cytotoxicity in A375 cells. LLOMe, with or without 2DG, induced LMP, 
evidenced by reduced LysoTracker and acridine orange signals. Bafilomycin A1 rescued cell viability, likely by preventing 
LLOMe accumulation and activation within lysosomes. E64d and MG132, but not Pepstatin A, partially restored 
viability, implicating cysteine cathepsins in the observed toxicity. LLOMe, with or without 2DG, triggered mitochondrial 
depolarization and mitochondrial superoxide production, which was prevented by bafilomycin A1 and MG132. NAC 
rescued cells from 2DG+LLOMe-induced cytotoxicity. Metabolic assays showed that 2DG reduced glycolysis and LLOMe 
suppressed oxidative phosphorylation, leading to synergistic ATP depletion, while L-carnitine protected cells from the 
combined treatment. 
Conclusions: LLOMe-induced LMP and cysteine cathepsin release lead to mitochondrial dysfunction and OXPHOS 
inhibition, which, together with 2DG-mediated glycolysis blockade, result in energy collapse and cell death, highlighting 
the therapeutic potential of dual glycolytic–lysosomal targeting.
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The ultrastructural alteration of A549 (KRASmut) and Mcf7 (KRASwt) cell lines in response to aroylacrylic 
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Sara Stojanović1, Tamara Vujatović-Velimirov2, Snežana K. Bjelogrlić3, Jelena Grahovac3, Maja D. Vitorović-Todorović2, 
Aleksandra Korać1

1Faculty of Biology, University of Belgrade, Belgrade, Serbia 
2Military Technical Institute, Belgrade, Serbia 

3Institute for Oncology and Radiology of Serbia, Belgrade, Serbia

Keywords: KRAS, aroylacrylic acid phenylamides, reactive oxygen species, mitochondria, lipid droplets

Background: KRAS mutation is the most frequent oncogenic alteration in human cancer, and it contributes to tumor 
survival and resistance to therapy. Malignant cells with a KRAS mutation cope with increased oxidative stress and 
maintain homeostasis by antioxidant defense mechanisms. 
Material and Methods: This study was based on uncovering the cellular responses of A549 (KRASmut) and Mcf7 
(KRASwt) cell lines, after 24 hours treatment with aroylacrylic acid phenylamides. The generation of reactive oxygen 
species (ROS) is the primary mechanism by which aroylacrylic acid phenylamides induce cell death. Comparison of the 
use of Annexin V and Propidium Iodide (Annexin V/PI) staining and ultrastructural analysis were performed. 
Results: Significant differences were observed between treated cell lines. Initially, A549 cells showed greater resistance 
compared to Mcf7 cells, but despite this A549 cells suffered significant cell death after 24 hours. The heterogeneity 
of the cellular response between A549 and Mcf7 cells was not surprising due to the difference in their KRAS status. 
Transmission electron microscopy (TEM) analysis revealed ultrastructural changes, including mitochondrial damage, 
autophagy, and lipid accumulation in treated cells. The degree of mitochondrial damage was categorized into four grades 
based on the size and integrity of cristae. Autophagy was observed in both cell lines, often targeting mitochondria that 
were only mildly damaged. Increased lipogenesis and lipid accumulation were predominantly observed in A549 cells, 
indicating their metabolic adaptability. In contrast, MCF7 cells showed lipid accumulation after treatment primarily in 
necrotic cells. 
Conclusions: Although the ability of A549 cells to induce lipogenesis and autophagy as protective strategies was 
ultimately insufficient, as demonstrated by the high rate of apoptosis after 24 hours. These findings suggest that 
KRASmut cells generate transient resistance through antioxidant defenses and lipid accumulation, delaying but not 
preventing cell death. Furthermore, these results indicate different metabolic vulnerabilities between KRASmut and 
KRASwt cells, highlighting the role of oxidative phosphorylation as a potential therapeutic target.

Antimelanoma effect of mefloquine-mediated lysosomal destabilization and glucose deprivation in A375 
melanoma cells
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Background: Tumor cells often exhibit enlarged lysosomes and a high reliance on glycolysis for energy production, 
distinguishing them from normal cells. These features support their rapid proliferation and survival under stress. 
Enlarged lysosomes are more prone to membrane destabilization, while glycolytic dependence renders tumor cells 
vulnerable to metabolic disruption. Targeting these distinct traits with lysosome-disrupting agents and glucose 
deprivation offers a promising therapeutic strategy. To test this theory, we exposed A375 melanoma cell line and 
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normal human dermal fibroblasts (NHDF) to mefloquine, a lysosomotropic disruptive agent, in glucose-free medium. 
Material and Methods: Cell viability upon treatments was determined by crystal violet and MTT tests, and meflouqine 
concentrations with the most pronounced anti-melanoma effects in combined treatment were selected for further 
investigation. The type of cell death (apoptosis, necrosis) was determined using Annexin V/PI flow cytometry and 
changes in lysosomal acidification were determined by flow cytometry and fluorescent microscopy after staining with 
Lysotracker red. 
Results: Mefloquine reduced A375 cell viability in a dose-dependent manner and glucose depletion led to proliferation 
arrest, with their combination demonstrating higher cytotoxicity. The effect was absent in treated NHDF cells. Apoptosis 
was induced by both agents, as demonstrated by Annexin V/PI flow cytometry, and was significantly intensified when 
the agents were applied in combination. Furthermore, Lysotracker red staining revealed that lysosomal acidification 
decreased following the combined treatment, in contrast to the increase observed with each treatment individually. 
Conclusions: Combined treatment with mefloquine and glucose deprivation elicited a potent proapoptotic response in 
A375 melanoma cells, while sparing NHDF cells, indicating that this dual-targeting approach may serve as a promising 
therapeutic strategy for melanoma.
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Background: Multiple myeloma (MM) is a hematological cancer that develops in the bone marrow, where 
interactions with bone marrow adipose tissue (BMAT) support tumor growth and therapy resistance. Nicotinamide 
phosphoribosyltransferase (NAMPT or visfatin), an enzyme produced by both adipocytes and MM cells, is essential 
for NAD+ synthesis, which MM cells need for energy and survival. Thus, targeting NAMPT and NAD+ metabolism 
represents a perspective strategy in precision oncology, exploiting cancer cells’ unique metabolic needs to enhance 
treatment effectiveness. This study investigates the effects of NAMPT inhibition on MM cell metabolism within the 
bone marrow microenvironment. 
Materials and Methods: Bone marrow samples were obtained from non-cancer (n=11) and MM patients (n=10) and 
used for investigation of BMAT and plasma cells in downstream assays in hypoxic (3% O2) and normoxic (21% O2) 
conditions. The FK866 (NAMPT inhibitor) was added to cultures of myeloma cell lines (AMO-1, OPM2 and U266) in 
normoxia and hypoxia. 
Results: The results indicate that the BM of patients with MM has a significantly lower proportion of BMAT than 
that of non-cancer BM, while the distribution of CD138+ plasma cells is increased in cells isolated from the BMAT 
compartment. In vitro co-culture assays of bone marrow adipocytes and MM cells show that pre-treatment of MM 
cells with FK866 increase their de-lipidation capacity. FK866 at a concentration of 1 nM leads to a significant decrease 
in the number of MM cells in hypoxia, but not in normoxia. Moreover, the presence of FK866 increases the clonogenic 
potential of myeloma cells in hypoxia, while in normoxia, a decrease in clonogenic potential was determined. Cell cycle 
analysis shows that FK866 under hypoxia decreases actively dividing cells (G2-M) and increases cells in the resting 
phase (G0). Under normoxia, FK866 reduces cells in the DNA synthesis and mitosis phases (S-M) but increases cells in 
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G0 and G2 phases. FK866 also promotes mitochondrial biogenesis in hypoxia and stimulates the expression of genes 
related to NADH dehydrogenase, HIF-1α, and Nanog, especially at 0.5 nM concentration. 
Conclusions: Collectively, these results show that the FK866 inhibitor influences the cell cycle, mitochondrial 
biogenesis, and crosstalk with BMAT in multiple myeloma cells, with its effects varying based on oxygen availability. 
This underscores FK866’s potential to regulate NAD+ metabolism and positions it as a therapeutic agent targeting 
metabolic pathways in MM.
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Background: Ovarian cancer is the leading cause of death among gynecological malignancies, associated with frequent 
chemoresistance. Extracellular vesicles (EVs) from the placenta have recently shown therapeutic potential by altering 
the ovarian tumor cell phenotype, though the precise mechanisms remain unclear. The aim of this study was to 
investigate whether EVs from trophoblast cells (TC-EVs) could affect the viability of ovarian cancer A2780 cells and 
improve their sensitivity to cisplatin. 
Material and methods: TC-EVs were isolated from the conditioned media of the trophoblast cell line HTR-8/SVneo 
using differential ultracentrifugation. Analysis of the concentration and size distribution of total, as well as CD9- 
and CD81-positive TC-EVs, was performed using a nanoparticle tracking analyzer. Ovarian cancer cells A2780 were 
preconditioned with TC-EVs (50 μg/mL protein) for 24 or 48 hours, followed by treatment with 15 μM cisplatin. Cell 
viability was assessed by MTT assay, and changes in the expression of pro-apoptotic Bax and anti-apoptotic Bcl-2 mRNA 
were quantified using qPCR. 
Results: At the 24h treatment, cisplatin treatment markedly reduced the viability of A2780 cells, and there was no 
difference between TC-EVs preconditioned cells and cells exposed to cisplatin alone. However, at the 48-hour treatment, 
preconditioning with TC-EVs produced a statistically significant additional decrease in cell viability compared to cisplatin 
alone, indicating a potential sensitizing effect of TC-EVs. This was accompanied by increased Bax and decreased Bcl-2 
expression, resulting in a higher Bax/Bcl-2 ratio in TC-EVs preconditioned cells, indicating a pro-apoptotic shift. 
Conclusions: Trophoblast-derived EVs display in vitro cisplatin-sensitizing effects in ovarian cancer cells in a time-
dependent manner, likely by modulating pro-apoptotic pathways. This suggests that TC-EVs might play a role in 
improving the effectiveness of platinum-based ovarian cancer chemotherapy.
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Assessment of the Efficacy of a Biomedical Cell Product Production Technology Using Tumor-Infiltrating 
Lymphocytes Derived from Surgical Specimens of Patients with Advanced Melanoma

Alexey Bogdanov, Anton Kornev, Andrey Bogdanov, Vitaliy Egorenkov, Fedor Moiseenko, Vyacheslav Chubenko, Nikita 
Volkov, Vladimir Moiseenko

N.P. Napalkov Saint Petersburg Clinical Research and Practical Center of Specialized Types of Medical Care (Oncological), Saint 
Petersburg, Russia

Keywords: adoptive cell therapy, melanoma, tumor-infiltrating lymphocytes

Background: Adoptive cell therapy of cancer using tumor-infiltrating lymphocytes (TIL) has demonstrated significant 
potential, even against refractory tumors. For instance, in melanoma, the rate of objective responses ranges from 40% to 
70%, and approximately 10–15% of patients with refractory melanoma achieve durable complete remission. The aim of this 
study was to evaluate the efficacy of our developed domestic laboratory technology for producing a biomedical cell product 
based on TIL (a TIL-based biomedical cell product, or BMCP-TIL), intended for treating patients with advanced melanoma. 
Material and Methods: Operative tissue samples were obtained from 12 patients. Under conditions conducive to 
eliminating tumor cells, at least 10⁵ viable TILs were isolated from each sample. During activation, gamma-irradiated 
peripheral blood cells from healthy donors, irradiated with a dose of 50 Gy, were used as feeder cells, followed by 
the addition of anti-CD3 antibody (OKT3) and interleukin-2. Rapid amplification of TILs was performed in standard 
culture flasks until clinically relevant numbers—equal to or exceeding 10⁹ viable TILs—were achieved. Subsequently, 
gamma-interferon (IFNγ) production levels were assessed. Following this, TILs were purified from culture medium 
components and transferred into infusion bags containing Ringer's solution to produce the BMCP-TIL. Finally, the 
resulting TILs were counted and analyzed for viability and cluster of differentiation (CD) surface marker expression. 
Results: A complete cycle of BMCP-TIL production was successfully carried out for operative material from 10 out of 12 patients 
with advanced melanoma, with the process typically taking 7–8 weeks. Amplified TILs exhibited IFNγ production activity 
ranging from 50 to 250 pg/mL. The number of TILs in the final BMCP-TIL product ranged from (1–23)×10⁹ cells, with viability 
exceeding 98%. Phenotypic analysis revealed the following distribution of differentiation clusters: CD3+ – (85–99%), among 
which CD8+ – (26–95%) and CD4+ – (1–67%), while regulatory T cells (CD25+FoxP3+) accounted for no more than 0.2%. 
Conclusions: The high efficiency of the first Russian laboratory technology for producing BMCP-TIL for treating patients 
with advanced melanoma has been demonstrated.
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Background: Thyroid cancer (TC) poses diagnostic challenges in differentiating benign from malignant tumors and 
detecting recurrence, which occurs in 21–27% of patients. Analysis of serum thyroglobulin (Tg) can detect recurrence 
early, but the marker is not applicable in patients harboring Tg antibodies (TgAt) due to TgAb interference in standard Tg 
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detection tests. Extracellular vesicles (EVs) present a promising target for non-invasive diagnostics as they are enriched 
in transmembrane proteins such as tetraspanins and tissue-specific markers. We investigated whether thyroid-cell 
derived EVs retain tissue specific surface characteristics (thyrotropin receptor – THS-R) and intravesicular cargo (Tg) 
that can enable their use in recurrent TC detection. 
Materials and Methods: EVs were extracted via differential ultracentrifugation (dUC) from FBS-free cell culture media 
of normal thyroid (Nthy-Ori 3-1) and cancer cell lines (TPC-1 and OCUT2) and patient plasma (benign, malignant, 
recurrent). EVs number, diameter and zeta potential were assessed using Nanotracking Analysis (NTA), and their 
presence was confirmed by Transmssion electron microscopy (TEM). Tetraspanin CD63 – an EV marker, TSH-R, and Tg 
– thyroid specific protein markers were detected via Dot Blot and Western Blot. 
Results: NTA detected 130–160 nm particles, in all samples implying that EV pellets were enriched with small EVs with 
TEM analysis confirming that conclusion. Zeta potential differed between EVs from Nthy-Ori 3-1 cell line and TPC-1-
devoid EVs. CD63 was present in EVs from all cell lines and patient plasma. The expression of TSH-R was higher in Nthy-
Ori 3-1 cell lysates, compared to TPC-1 and OCUT2, corresponding to their differentiation state. Consistent with this, 
TPC-1 EVs were positive while OCUT2 EVs were negative of TSH-R, however Nthy-Ori 3-1 EVs were deprived of TSH-R. 
Tg was confirmed in cell lysates and EVs from Nthy-Ori 3-1 and TPC-1 EVs but absent in OCUT2 cells and EVs. EVs from 
plasma of patients with thyroid tumors as well as recurrence were positive for both TSH-R and Tg. The highest Tg signal 
was observed in a malignant sample with larger tumor size. 
Conclusions: This pilot study highlights the potential of using CD63 and TSH-R proteins for isolating thyroid-specific 
EVs. The presence of thyroid-specific TSH-R and intravesicular Tg in all patient samples paves the way for studies of 
larger sample cohorts to address early recurrence detection.
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Background: Ovarian cancer is among the most common and lethal gynecological cancers. Three-dimensional (3D) 
cell cultures provide a physiologically relevant model to study tumor biology and test therapies. The Hedgehog 
(HH) signaling pathway, often aberrantly activated in cancers including ovarian cancer, plays a critical role in tumor 
progression and chemoresistance. In this study, 3D spheroids were established using ovarian cancer cell lines (OVCAR8, 
OVCAR3, OVSAHO, IGROV1, SKOV3) and an ovarian fibroblast line (HOF). Spheroid formation was monitored over five 
days, and viability was assessed with a three-color live/dead assay. OVCAR8, a high-grade serous adenocarcinoma line, 
was selected for further investigation. To explore HH signaling, OVCAR8 cells were transfected with GLI2 and cultured 
as spheroids. A protein array of 108 secreted cytokines and chemokines revealed four potential GLI2 transcriptional 
targets.
Materials and Methods: Ovarian tumor cell lines and the ovarian fibroblast line were cultured in suspension using 
U-bottom well plates to promote spheroid formation over five days. Viability was assessed by staining spheroids with 
a live/dead detection kit, and quantifying cell death via red fluorescence. Supernatants were collected and analyzed by 
protein array to profile secreted factors. 
Results: Based on superior spheroid morphology and higher viability, OVCAR8 and OVSAHO were chosen for further 
study. Compared to OVSAHO, OVCAR8 formed larger, more compact, and uniformly shaped spheroids. At a seeding 
density of 5,000 cells, OVCAR8 spheroids showed significantly higher viability by live/dead assay. Protein array analysis 
of conditioned media from GLI2-overexpressing OVCAR8 spheroids identified DKK-1, EMMPRIN, IL-6, and IL-8 as 
potential GLI2 transcriptional targets. 
Conclusions: All ovarian cancer cell lines successfully formed 3D spheroids, with OVCAR8 demonstrating the highest 
viability. Morphological and viability assessments indicated 5,000 cells as the optimal seeding density for spheroid 
formation. Compared to OVSAHO, OVCAR8 spheroids were larger, more compact, and more uniformly shaped, with 
significantly higher viability. Protein array analysis of GLI2-transfected OVCAR8 spheroids identified DKK-1, EMMPRIN, 
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IL-6, and IL-8 as candidate GLI2 targets. Future qPCR validation will confirm the transcriptional regulation of these 
genes by GLI2.
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Background: One of the major challenges in the development of novel, effective, and safe anti-tumor drugs is the 
translation of results from in vitro studies to in vivo models, and subsequently to clinical trials. A promising approach 
to address this in vitro–in vivo gap is tumor engineering. Accordingly, the aim of this work was to develop three-
dimensional (3D) tumor models using biomaterials as cell carriers to mimic extracellular matrices (ECM) followed by 
cultivation in a perfusion bioreactor, that imitates the environment of highly vascularized tissues. 
Material and Methods: Alginate microfibers and microbeads with immobilized human carcinoma cells (SiHa, HeLa, 
NCI-H460 and MCF-7) were obtained by extrusion techniques, while macroporous composite carriers for osteosarcoma 
cells (murine K7M2-wt) based on alginate and bioactive inorganic particles (e.g. hydroxyapatite) were prepared 
by gelation and freeze-drying followed by manual cell seeding onto the carriers. Cells in carriers were cultivated in 
perfusion bioreactors under continuous medium flow for up to 10 days. To evaluate these 3D models for drug screening, 
microfibers with cells were treated with cisplatin or doxorubicin (0.5-50 µM), while cell-seeded macroporous carriers 
in bioreactor cultures were treated with doxorubicin (1.84 μM) starting on day 7 and continued for 3 consecutive days. 
The cell metabolic activity was assessed by the MTT assay, morphology by scanning electron microscopy and histology, 
and ECM by reticulin staining.
Results and Conclusions: Cells were successfully immobilized in microbeads (diameter: ~300 µm) and microfibers 
(diameter: 300-500 µm), while the macroporous carriers provided cell adherence (seeding efficiency: above 80%). 
After bioreactor cultivation the cells stayed viable, spontaneously formed spheroid-like structures, and exhibited higher 
metabolic activity than static controls. Evaluation of these models for rapid drug screening showed that the immobilized 
cells in alginate hydrogels exhibited higher resistance than the cells in 2D cultures. Furthermore, assessment of drug 
effects on cells within spheroid-like structures treated in a clinically relevant schedule showed negligible effects 
compared to the untreated 3D cultures implying a resemblance to the in vivo drug resistance. Overall, the results of 
these studies demonstrated the potential of developed 3D models based on biomimetic perfusion bioreactors and 
alginate cell carriers for cancer research and anticancer drug screening.
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under the grant no. 7503, Biomimetic tumor engineering to enhance drug discovery – Bioengineering Tumor
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Modelling pancreatic carcinoma in vitro- critical morphological and functional differences between 2D 
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Background: Pancreatic ductal adenocarcinoma (PDAC) is a major histological subtype of pancreatic cancer with 
high proliferative and metastatic potential and a low survival rate with a 5-year relative survival of 12%. Although 
histologically classified as adenocarcinoma, like breast, colorectal, and prostate cancers, commonly used treatments 
that are effective against these carcinomas are not effective against PDAC. There are many reasons for this including 
molecular mechanisms linked to drug resistance, the presence of cancer stem cells and the role of the tumor 
microenvironment (TME). 
Material and Methods: Since PDAC cells actively interact with components of their TME it is reasonable to perform 
in vitro investigation using more complex models by including some components of the TME. We have employed 
two different PDAC cell lines together with fibroblast in contact and contact-free 2D culture conditions and 3D PDAC 
spheroids with or without fibroblast and performed a comparative analysis of basic cellular processes. 
Results: Fibroblasts had a moderate or no inhibitory effect on PDAC cell viability in both contact and non-contact 2D 
co-cultures, but significantly reduced colony formation in both cell lines tested and strongly affected sphere size in 
3D culture as reflected in significantly smaller and more compact sphere diameter. Both wound scratch and Transwell 
assay showed that the efficiency of migration is significantly different if studied in co-cultures, or when PDAC cells are 
grown in fibroblast conditioned medium. Pancreatic carcinoma cells more likely migrate together as a group filling the 
wounded area, whereas fibroblast have high migratory potential and dominantly migrate as single cells occupying the 
gap, however it is very difficult to determine the exact role of each cell type in the co-culture model. Similarly, pancreatic 
cells significantly stimulate migration of fibroblast and influence collagen I production. Finally, in 3D spheroid co-culture 
cells were organized similarly to in vivo conditions where PDAC cells were in the centre of the sphere surrounded by 
highly proliferative Ki67 positive fibroblasts. 
Conclusions: There are significant differences observed between basic cellular processes of PDACs when cultured in 
mono- or co-cultures with activated fibroblast and these differences are even more obvious when comparing 2D and 
3D conditions. This should be taken into consideration when using in vitro models for studying disease mechanisms 
and drug testing.

Development of bioactive environment for 3D osteosarcoma in vitro cultures
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Background: Osteosarcoma (OS) is a primary bone cancer that affects mostly children. There have been minimal 
advancements in therapeutic strategies over the past four decades due to the weaknesses of standard models used 
in OS research, namely two-dimensional (2D) cell cultures and animal models. In recent years, three-dimensional 
(3D) cell culture models have gained significant attention as promising platforms for cancer research. The aim of this 
study was to develop macroporous composite alginate cell carriers with embedded bioactive glass (BG) particles as 
a bioactive environment that could stimulate osteosarcoma cells to express their typical morphology and metabolic 
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functions as observed in vivo. 
Materials and methods: Two types of BG particles, SBA2 (48SiO2-18Na2O-30CaO-3P2O5-0.43B2O3-0.57Al2O3 mol%) 
and 47.5B (47.5SiO2-10Na2O-10K2O-10MgO-20CaO-2.5P2O5 mol.%) were assessed regarding cytocompatibility with 
murine OS K7M2-wt cell line by MTT assay, as well as bioactivity to transform into hydroxyapatite (HA) in cell culture 
medium by scanning electron microscopy (SEM) and energy dispersive X-ray (EDS) analysis. Then, the two types of 
BGs were used to produce and optimize composite cell carriers obtained by gelation of mixtures composed of 2 wt.% 
Na-alginate, 2 wt.% BAG and 0.045 – 0.075 wt.% CaCl2, followed by freezing, freeze-drying and rehydration. Then, the 
scaffolds were seeded with the OS cells (K7M2-wt, 15×106 cells cm-3 scaffold volume) and cultivated for 7 days under 
static conditions. The cell carriers were examined regarding porosity, BG distribution by SEM, cell metabolic activity by 
MTT assay and morphology by SEM and histological analysis. 
Results and conclusions: Bioactivity of the 47.5B and SBA2 glass powders was detected on day 2 and 5, respectively, 
while the MTT assay showed biocompatibility of both BGs. The best cell carriers were obtained using mixtures with the 
composition: 2 wt.% Na-alginate, 2 wt.% BG (SBA or 47.5B) and 0.060 wt.% CaCl2. The cells were successfully seeded 
on both cell carriers, but higher cell seeding efficiency was observed on alginate/47.5B carriers (92%) compared to 
alginate/SBA scaffolds (72%). After short term cultivation, the cells stayed viable and spontaneously formed aggregates 
in the presence of both BG particle types. The obtained results show that alginate-based cell carriers with BG particles 
support OS cell culture with alginate/47.5B offering higher cell-seeding efficiency and bioactivity.
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7503.
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Background: Reliable preclinical models in cancer research are crucial for improving anticancer drug development. 
Existing models, such as two-dimensional (2D) cell cultures and animal studies, often fall short in accurately replicating 
human cancer biology, leading to significant differences in drug efficacy between preclinical studies and clinical trials. 
In this work, a simplified 3D cancer cell culture model in the form of Ba-alginate microfibers with immobilized cancer 
cells was developed, optimized and validated for anticancer drug screening. 
Material and Methods: Alginate microfibers with immobilized human non-small cell lung carcinoma cells (NCI-460 
cell line, ATCC® HTB-177™) were obtained by manual extrusion of cell-alginate suspension (4×106 cells cm-3, 2 wt. % 
Na-alginate solution) through a 25-gauge needle into the gelling solution containing 45 mM Ba2+ (BaCl2∙2H2O). After 
1 min of gelation, the obtained microfibers were washed with culture medium RPMI-1640 and cultured up to 7 days. 
Cells in microfibers, as well as cells in 2D cultures, were treated with different concentrations of cisplatin (0.5−50 µM), 
etoposide (0.5−500 µM), or vinorelbine (1−1000 µM) either 24 or 72 h after immobilization, while untreated cells 
served as the control. Microfibers were evaluated for cell viability by live/dead staining and metabolic activity by MTT 
assay, while the expression of drug resistance–related genes was assessed by using quantitative real-time PCR. 
Results and Conclusions: The cells remained viable and metabolically active, forming cell aggregates during the 7-day 
cultivation period. Analysis of cell sensitivity to anticancer drugs revealed increased drug resistance in 3D cultures 
compared to 2D cultures across all treatment groups (cisplatin, etoposide and vinorelbine). Additionally, the gene 
expression analysis showed a significant upregulation of drug resistance–related genes in 3D cultures, including a 
3.2-fold increase in MDR1 and a 2.7-fold increase in ABCG2 expression following cisplatin treatment, and a 1.5-fold 
increase in ABCC1 expression after vinorelbine exposure, whereas these changes were not observed in 2D cultures. 
Overall, the obtained results demonstrate the potential of the proposed 3D cancer model for rapid, relevant and high-
throughput anticancer drug screening.
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Background: Although apoptosis of cancer cells is typically considered a desirable therapeutic effect, numerous studies 
have emerged describing the paradoxical relationship between chemotherapy-induced apoptosis and an increased cell 
proliferation rate in the tumor microenvironment. Notably, apoptosis triggers the activation of protective mechanisms 
that tend to compensate for cell loss in tumor tissue, unveiling the phenomenon described as compensatory 
proliferation. To better understand the strategy of cell death-induced proliferation in tumors, we developed a suitable 
advanced mouse model that appropriately mimics the communication between dying and living cells within the tumor 
mass. We have also established mouse-derived organoids from isolated tumors and used transcriptional analysis to 
assess the gene expression similarity and evaluate the potential of the formed organoids as 3D models to replace 
animal studies in the future. 
Material and Methods: The compensatory proliferation model was developed by subcutaneous inoculation of a 
mixture of live and dead cancer cells of different origins into mice (MC38 or B16 cells into C57BL/6 mice; CT26 cells 
into BALB/c mice). The dead cells were collected after in vitro treatment with 5-FU (MC38 and CT26 cells) or paclitaxel 
(B16 cells). The number of live cells and the live:dead cells ratio in the mixture were varied. Both tumors and organoids 
from MC38 tumor model were further analysed by RNA-seq. 
Results: While the optimization of MC38 compensatory proliferation model in C57BL/6 mice was successful, and 
live:dead cells mixture led to the earlier tumor onset, faster growth, and higher incidence rate compared to the group 
that received only live cells, CT26 model in BALB/c mice failed due to low incidence rate in all groups. Conversely, the 
mixture of live and dead B16 cells induced smaller tumors compared to the group that received only live cells, indicating 
a strong immune response of animals to dead melanoma cells. The transcriptional analysis of isolated tumors and their 
matching organoids from the MC38 compensatory proliferation model showed over 80% homology in gene expression. 
Conclusions: The obtained data revealed that the establishment of a compensatory proliferation model depends on 
multiple factors, such as the origin, growth rate, invasiveness, and immunogenicity of the cell lines used.
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Background: The SAOS2 cell line is a human osteosarcoma cell line, widely used as a model system for studying bone 
cancer due to its osteoblastic phenotype and capacity to mineralize the extracellular matrix under specific conditions. 
The development of physiologically relevant in vitro models is crucial for predictive drug screening for osteosarcoma, 
given the persistent challenges of chemoresistance and recurrence. Therefore, the aim of this study was to assess 
the effects of two chemotherapeutics, 5-fluorouracil (5-FU) and doxorubicin, on SAOS2 cells in a 3D model based on 
macroporous composite cell carriers (alginate and hydroxyapatite) that mimic the bone microenvironment. 
Materials and Methods: Two different approaches for drug testing on cells were conducted. In the first approach, 
cells were manually seeded onto carriers and treated 24 hours post-seeding with either 5-FU or doxorubicin for an 
additional 24 hours. In the second approach, SAOS2 cells were allowed to self-organize on the carrier over 7 days prior 
to 24 hours long treatments. Cell viability was evaluated twice in both approaches: after the treatment was finished 
and following a 7-day recovery period without any applied treatments. 
Results: The cells were successfully seeded on carriers as individual cells. In the first approach, 5-FU reduced viability 
to 60% post-treatment, with full recovery (100%) observed after 7 days. In contrast, doxorubicin decreased viability 
to 85% initially, with a further reduction to 50% after a 7-day recovery period. In the second approach 5-FU had no 
significant effect on cell viability compared to the untreated 3D culture which served as a control in both time points 
(24 hours and 7 days), indicating resistance in the self-assembled 3D culture. In contrast, doxorubicin reduced viability 
by approximately 50%, which is significantly lower than the viability observed in individual cells in the first approach. 
Evaluation of long-term recovery revealed that 5-FU did not affect cell viability, whereas the doxorubicin-induced 
reduction persisted, though to a lesser extent than after treatment at day 7. 
Conclusions: These findings highlight the impact of 3D culture cell aggregation on drug sensitivity and underscore the 
relevance of cell carrier-based models for future osteosarcoma drug testing.
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Background: Cutaneous malignant melanoma is the deadliest form of skin cancer, with postoperative recurrence 
rates ranging from 10–70%, depending on the stage. Recently, rose bengal (RB), a xanthenic dye with anticancer and 
immunogenic properties, has shown promise in intralesional melanoma therapy. PV-10, a 10% RB solution in saline, 
is undergoing phase 3 trials, highlighting its therapeutic potential. However, the persistence of residual tumor cells 
remains a challenge, requiring sustained RB delivery after surgery. The aim of this study was to develop a wound 
dressing based on poly(lactic-co-glycolic acid) (PLGA 50:50) mats loaded with RB for localized and prolonged release. 
Materials and Methods: The cytotoxic effect of RB was evaluated by determining the half-maximal inhibitory 
concentration (IC₅₀) on human cell lines: keratinocytes (HaCaT), melanoma (A375), and fibroblasts (MRC5). Cells were 
exposed to different concentrations of RB in PBS (20 to 400 μM) for 24 and 48 h in monolayer culture, and cellular 
metabolic activity was assessed by the MTT assay. PLGA mats (40 wt% in DCM/DMF 1:1) loaded with 5 wt.% RB were 
produced using the blend electrospinning method under the flowrate 0.5 ml/h, distance from the collector set at 
15 cm, and voltage of 18 kV. The mats (2 cm diameter) were additionally functionalized via overnight incubation in 
RB solutions (200 or 400 µM). The functionalized mats were analyzed by scanning electron microscopy and Fourier-
transform infrared spectroscopy (FTIR), while the RB release concentration was evaluated over 48 h in PBS by UV-Vis 
spectroscopy at the wavelength 549 nm. 
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Results and Conclusions: A375 and MRC-5 cells were sensitive to RB (IC₅₀ ~200 μM), while HaCaT cells did not exhibit 
significant sensitivity. Electrospun PLGA/RB mats (nanofiber diameter: 300 nm) were successfully fabricated, although 
notable dimensional shrinkage (~72%) of the mats was induced after functionalization (based on IC₅₀ values). The 
release study demonstrated a higher initial release of RB from mats functionalized with 400 µM during the first 24 h, 
whereas the final concentration released after 48 h was comparable between both materials (~20 µM), showing no 
significant difference. These findings support the use of electrospun PLGA mats as a feasible strategy for RB delivery, 
offering controlled and prolonged release upon application followed by sustained local diffusion for targeted post-
surgical melanoma therapy.

Acknowledgments and funding: This project has received funding from the Science Fund of the Republic of Serbia 
under the grant no. 7503, Biomimetic tumor engineering to enhance drug discovery – Bioengineering Tumor.

Enhancing the Zebrafish Xenograft Methodology at the Institute of Molecular Genetics and Genetic 
Engineering (IMGGE)

Emilija Milošević, Bojan Ilić, Mila Ljujić, Aleksadra Divac Rankov

Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Belgrade, Serbia

Keywords: lung cancer, patient-derived xenografts, response to therapy, xenograft, zebrafish

Background: Lung cancer remains the leading cause of cancer-related mortality worldwide, largely due to tumor 
heterogeneity and the development of drug resistance, which limit treatment success. To address these challenges, 
rapid, reproducible, and cost-effective preclinical models are essential for advancing translational research. Among 
these, the zebrafish (Danio rerio) xenograft model offers unique advantages. Their optical transparency, rapid 
development, high fecundity and absence of adaptive immune system during the first three weeks of life enable real-
time, in vivo monitoring of tumor cell proliferation, migration, angiogenesis, and response to therapy. Our overall aim 
is to introduce a patient-derived xenograft model in zebrafish to monitor therapeutic responses in lung cancer patients. 
Material and Methods: We are implementing and optimizing the zebrafish xenograft methodology based on the 
protocol we learned at Rita Fior’s laboratory, using the HCT116 colorectal cancer cell line as a proof-of-concept model. 
Tumor cells were expanded, fluorescently labeled, and prepared at a standardized concentration for injection. Cells 
were injected into the perivitelline space (PVS) of 2-day-old embryos using a fine glass needle, with injection parameters 
(pressure and injection time) dynamically adjusted during the procedure to ensure accurate cell delivery and minimize 
embryo damage. After injection, zebrafish embryos were kept at 34°C and tumor size and shape were monitored by 
fluorescence microscopy for 4 days. 
Results: In our first attempt, 10 larvae were confirmed as successfully injected at 1 day post-injection (dpi). By 4 dpi, 
only 3 larvae survived. Among these, one had a distinct tumor in the PVS, which is a favorable outcome. One exhibited 
pronounced edema, and the third contained only dispersed tumor cells in the PVS without a clearly formed tumor. 
These preliminary results highlight the need for further optimization of injection parameters and larval handling to 
improve survival rates and ensure consistent tumor engraftment. 
Conclusions: Our ongoing efforts to optimize the zebrafish xenograft methodology aim to establish a solid foundation 
for future translational studies at IMGGE. This platform is adaptable to other cancer cell types, including patient-
derived cells from various sample types. Once the protocol is fully refined, it will allow rapid, reproducible, and scalable 
evaluation of tumor behavior and therapeutic responses.
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Background: Glioblastoma is the most aggressive and deadly form of brain cancer, with a median survival of 
approximately 14 months. A major factor contributing to an unfavorable prognosis is the development of resistance 
to temozolomide (TMZ), the current first-line chemotherapeutic drug for glioblastoma. Thus, developing reliable 
preclinical models of TMZ resistance is essential for evaluating clinically relevant therapeutic strategies. 
Material and Methods: To generate an in vitro resistance model that mirrors the cyclical TMZ administration used in 
the Stupp regimen (5 days of treatment followed by a 3-week break), we implemented an adapted treatment schedule 
compatible with cell culture conditions. The TMZ-sensitive human glioblastoma cell line A-172 was treated with 10 µM 
TMZ for two consecutive cycles of 3-day exposure, each followed by a 3-week recovery phase. Sensitivity to TMZ was 
evaluated in both parental cells and TMZ-exposed cells via MTT assay. The MTT assay was performed on cells treated 
with TMZ once, twice, and three times (i.e., single, double and triple TMZ treatment). To further characterize the TMZ-
exposed cells, we assessed changes in cell migration (wound healing assay), EGFR, CD44, SOX2 and CD133 expression 
(immunostaining), and cellular senescence (beta-galactosidase activity assay after exposure to 10 and 50 µM TMZ 
during three days). 
Results: Relative to the parental cells, the TMZ-exposed population showed progressively higher IC50 values, in 
single, double and triple TMZ treatment, suggesting a gradual development of resistance. In the wound healing assay, 
resistant cells showed reduced motility, closing the wound at approximately half the rate of the parental line after 72 
h. Immunofluorescence assays showed a minor increase in EGFR expression and a slight reduction in CD44 expression, 
while SOX2 and CD133 levels remained unchanged. In the beta-galactosidase activity assay after exposure to both 10 
and 50 µM TMZ, the resistant cell line showed a reduced proportion of senescent cells relative to the parental line. 
Conclusions: The cyclic TMZ regimen adapted for in vitro use successfully induced resistance in A-172 cells, generating a 
cell line with reduced migratory capacity, slightly increased EGFR expression, decreased CD44 expression, and reduced 
senescence.
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Background: Osteosarcoma is a primary bone tumor with relatively low incidence in the human population, as 3 to 
4 people per million are diagnosed with this disease each year. It is an aggressive tumor with a high tendency to 
metastasize to other distant organs, most commonly the lungs. The slow and inefficient process of anti-cancer drug 
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discovery, mainly due to the use of inadequate preclinical models (cell monolayers and animals) along with the limited 
understanding of osteosarcoma biology, necessitates the development of more in vivo–like cell culture models. In order 
to address this issue, we developed a three-dimensional (3D) in vitro osteosarcoma model based on scaffolds and a 
perfusion bioreactor (“3D Perfuse”, Innovation Center at the Faculty of Technology and Metallurgy, Belgrade, Serbia). 
Materials and methods: The scaffolds are designed to imitate the bone environment where osteosarcoma originates, 
both in structure and composition. Therefore, the scaffolds are porous and composed of alginate and hydroxyapatite (2 
wt.% each), representing organic and mineral phases of the bone, respectively. Perfusion bioreactors enable efficient 
mass transport to the cells and introduce biophysical stimuli in the form of hydrodynamic shear stresses. The scaffolds 
were seeded with murine osteosarcoma cells (K7M2-wt,15x106 cells/cm3 of the scaffold volume) and cultivated in 
perfusion bioreactors at a superficial medium velocity of 40 μm/s, while static conditions served as a control. 
Results: During 7 days of cultivation under both perfusion and static conditions, the cells proliferated and were 
metabolically active. Moreover, the cells spontaneously aggregated into compact spheroid-like structures, with an 
average size of 140 μm under both conditions. Still, under perfusion conditions the cell aggregates were more abundant 
and exhibited an elongated shape, probably due to shear stresses acting calculated to be 2 mPa in average. Additionally, 
the cells secreted more reticulin fibers under perfusion conditions than under static conditions. In perfusion cultures, 
cell aggregates were distributed across the whole thickness of the scaffold, in contrast to static cultures in which 
the cell aggregates remained only in the top part of the scaffolds, correlated with the limited transport of nutrients. 
Conclusions: Our model supported the tumor-like behaviour of osteosarcoma cells and could be further utilized in 
long-term studies and drug testing. 
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Background: Osteosarcoma is an aggressive malignant bone tumor that mainly develops in children and adolescents 
during periods of rapid bone growth and has a high tendency to metastasize. Despite intensive treatment involving 
neoadjuvant multi-agent chemotherapy, surgical resection, and adjuvant multi-agent chemotherapy, the tumor recurs 
in over 40% of cases. One major obstacle in improving treatment outcomes is the lack of effective preclinical models 
that can better reflect the complex tumor environment found in patients. A promising approach is to develop 3D 
osteosarcoma cell culture models using bone-mimicking scaffolds combined with biomimetic perfusion bioreactors to 
ensure efficient mass transport and adequate biophysical signals. This study aimed to evaluate a previously developed 
3D culture model for osteosarcoma cells based on macroporous composite scaffolds (2 wt.% alginate and 2 wt.% 
hydroxyapatite) in conjunction with a perfusion bioreactor for anticancer drug screening. 
Materials and methods: Murine osteosarcoma cells (K7M2-wt) were seeded onto the scaffolds (15x106 cells cm-3 of 
scaffold volume) and cultivated under static conditions for one day. Three experimental studies were performed using 
the anticancer drug doxorubicin. In the first, following 1 day of static cultivation, the drug (1 μg cm⁻³) was applied for 
1 day under continuous flow in the “3D Perfuse” bioreactor (0.27 cm³ min⁻¹; 40 μm s⁻¹). In the second, scaffolds were 
cultured for 7 days under the same conditions to allow spontaneous formation of spheroid-like structures, followed 
by 3-day doxorubicin treatment. Additionally, a long-term model was introduced to better reflect clinical settings. 
Spheroid-like structures were exposed to the drug for 3 days, followed by a 21-day recovery period under perfusion, 
simulating intervals between chemotherapy cycles in patients. The cultivated scaffolds in all studies were then assessed 
by performing histological analysis and MTT assay to measure cell metabolic activity. 
Results: Osteosarcoma cells cultured in a 3D environment were less sensitive to the drug compared to those in 2D, 
reflecting the chemotherapy resistance observed in patients. 
Conclusions: This 3D osteosarcoma cell culture model is suitable for short-term drug screening and potentially for 
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long-term studies.
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Background: Osteosarcoma is the most common primary malignant bone tumor in children and adolescents, 
characterized by aggressive progression, high metastatic potential, and frequent recurrence. Cancer stem cells (CSCs) 
are believed to contribute to tumor initiation, therapy resistance, and disease progression due to their self-renewing 
and invasive properties. This study aims to characterize CSCs isolated from a single osteosarcoma patient at three 
different stages of disease: biopsy at diagnosis, post-chemotherapy resection, and resection after recurrence. 
Material and Methods: Using the HoloMonitor live-cell imaging system, we monitored cells over 48 hours and 
quantitatively analyzed cell migration and morphology, assessing optical thickness, surface area, perimeter, shape 
irregularity, and wound width, reflecting dynamic cell behavior and phenotypic heterogeneity. Additionally, to evaluate 
the same samples in a 3D context, we generated spheroids from first-generation CSCs, which were isolated using 
cell strainers and fixed in 4% PFA in PBS. Spheroids were assessed using the W8 Physical Cytometer, a technology 
for biophysical characterization and physically-based sorting of sphere-like 3D cultures. This method enabled precise 
measurement of spheroid diameter, mass density, and weight, providing valuable insight into tumor compactness and 
3D structural organization. Data were processed using the HoloMonitor App Suite for 2D imaging and Libra Software 
for 3D spheroid data, followed by statistical analysis. 
Results: Results revealed that CSCs from the recurrent stage migrated significantly faster and exhibited increased 
morphological complexity, characterized by greater shape irregularity, larger perimeter size, and the thinnest optical 
thickness. Additionally, they formed spheroids that were more compact and homogeneous compared to those from 
earlier stages. Significant differences in spheroid mass density, weight, and diameter were identified between samples 
obtained at diagnosis and those from recurrence. Comparative analysis revealed consistent, complementary findings, 
supporting the hypothesis that CSCs from recurrent tumors represent a more aggressive and invasive phenotype than 
those from diagnosis or post-chemotherapy. 
Conclusions: These findings highlight the importance of tracking CSC traits across disease stages and support the value 
of combining 2D live-cell imaging with 3D spheroid modeling to identify aggressive osteosarcoma subtypes and inform 
targeted therapies.
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