
Oncology 
Insights

Offi  cial Journal of the Serbian AssociaƟ on for Cancer Research

ISSN 3009-3848
ISSNe 3009-383X

Year 2023/No. 1



ONCOLOGY INSIGHTS

Offi  cial Journal of 
the Serbian AssociaƟ on for Cancer Research

Belgrade, Serbia
October, 2023

ISSN 3009-3848
ISSNe 3009-383X



 ONCOLOGY INSIGHTS
Offi  cial Journal of the Serbian AssociaƟ on for Cancer Research

Publishing annually

Publisher
Serbian AssociaƟ on for Cancer Research

Belgrade, Serbia

Editor-in-Chief
Dr Milena Čavić

Associate Editors
Dr Milica Pešić, Dr Ivana Z. MaƟ ć

Managing Editor
Dr Ana Damjanović Veličković

Technical Editors
Dr Marija Đorđić Crnogorac, Dr Milica Nedeljković

Editors
Dr Radmila Janković, Dr Marko Radulović, Prof. Katarina Zeljić, Dr Ana Krivokuća, Prof. Chiara Ambrogio, Dr Thomas 
Mohr, Prof. Engin Ulukaya, Prof. Vilma Petrikaite, Prof. KonstanƟ nos Dimas, Dr CrisƟ na Xavier, Dr Remond Fijneman, 

Prof. Ieronymos Zoidakis, Dr Sergi Castellvi-Bel, Dr Petar OzreƟ c, Prof. Sonja Levanat

Editorial Council 
Dr Ana Đurić, Dr Marko Radulović, Dr Radmila Janković, Prof. Katarina Zeljić, Dr Lidija Todorović

Lector/Corrector
Jana Stefanović

Editorial Offi  ce
Serbian AssociaƟ on for Cancer Research

Printed by:
Connect Online Studio

Ćirila i Metodija 2a
Belgrade, Serbia

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд

616-006-08
   
         ONCOLOGY Insights : offi  cial Journal of the Serbian 
Associaton for Cancer Research / editor in chief Milena Čavić. - 
[Štampano izd.]. - 2023, no. 1-    . - Belgrade : Serbian Associaton 
for Cancer Research, 2023-     (Belgrade : Connect Online Studio). - 30 cm

Godišnje. - Drugo izdanje na drugom medijumu: 
Oncology Insights (Online) = ISSN 3009-383X
ISSN 3009-3848 = Oncology Insights (Štampano izd.)
COBISS.SR-ID 125366281 



CONTENTS

ONCOLOGY INSIGHTS INFO  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I

SDIR6 CONGRESS INFO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . III

LEGACY INSIGHTS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

The foundaƟ on of the Serbian AssociaƟ on for Cancer Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

SDIR evoluƟ on: important steps from 2016 to 2022. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5

FUTURE HORIZONS IN CANCER  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

The importance of sex as a biological variable in cancer research. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

The Role of Microbiota in Cancer PaƟ ents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

PROCEEDINGS BOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

PLENARY LECTURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

UnconvenƟ onal approaches to the treatment of cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

TargeƟ ng KRAS: achievements and drawbacks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

INVITED LECTURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Discovery of novel HDAC inhibitors for therapy of triple-negaƟ ve breast cancer – preclinical study . . . . . . . . . . . . . . . . 26

Estrogen Receptor Beta promoter methylaƟ on as a possible biomarker in breast cancer  . . . . . . . . . . . . . . . . . . . . . . . . 26

A new approach to the design of metal-based anƟ neoplasƟ c drugs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Approaches to targeƟ ng cancer cell resistances in preclinical research  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Small hydrophobic molecules in mulƟ -targeted cancer therapy: disrupƟ on of plasma membrane and mitochondrial 
funcƟ ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

Good cop-bad cop: diff erent roles of hsa-miR-93-5p in colorectal cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Network based approaches in cancer research - chances and challenges  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Tackling omics research in pathology in a low-budget seƫ  ng  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Sex as a biological variable in preclinical melanoma research  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

The importance of adequate molecular diagnosƟ cs in the era of precision oncology – focus on lung cancer  . . . . . . . . 36

High-throughput screening of mulƟ drug-resistance markers in non-small cell lung carcinoma paƟ ent-derived cells – 
contribuƟ on to personalized treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

CirculaƟ ng cytokines as potenƟ al biomarkers of disease progression in BRAFwt metastaƟ c melanoma paƟ ents receiving 
anƟ -PD-1 therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

TargeƟ ng chiƟ nase 3-like 1 for the treatment of pancreaƟ c cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

Establishment of a fi rst cancer Biobank at the InsƟ tute for Oncology and Radiology of Serbia – advantages, challenges 
and future perspecƟ ves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

Advancing reversible immunocapture toward scalable purifi caƟ on of extracellular vesicles  . . . . . . . . . . . . . . . . . . . . . . 45

Dying of cancer cells feeds the others to create more aggressive tumor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

The role of Hedgehog signaling pathway in plasƟ city, stemness and resistance of melanoma. . . . . . . . . . . . . . . . . . . . . 47



What is new in care of Adolescents and Young Adults, AYA with cancer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Control of IFN-γ Responsiveness and MetastaƟ c PotenƟ al in Melanoma by GSTA4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

MicroRNAs – biomarker properƟ es in prostate cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Signifi cance of molecular diagnosƟ cs in therapy of chronic lymphocyƟ c leukemia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

ORAL PRESENTATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

The PDK-1 inhibitor GSK2334470 induces cell death and G1 cell cycle arrest in human pancreaƟ c cancer cells . . . . . . 57

Suppressor Eff ects ofTheMixed LigandPlaƟ num (II) Saccharinate Complexes(trans-[Pt(sac)2(PPh3)2] and trans-[Pt(sac)2 
(PPh2Cy)2])on In Vitro And In Vivo Angiogenesis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

 All-trans reƟ noic acid acƟ viƟ es in Merkel cell carcinoma: implicaƟ on of the reƟ noic gene signature  . . . . . . . . . . . . . . 58

PredicƟ ng response to chemoradiotherapy in locally advanced rectal cancer using MRI-based radiomics features . . . 59

Transcriptomic profi ling of the early stage squamous cell lung cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

The role of p53 family in melanoma development and therapy resistance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

The anƟ cancer eff ects of triterpene saponin deglucocyclamine isolated from Cyclamen hederifolium. . . . . . . . . . . . . . 61

The eff ect of diiron thiocarbyne complex on tumor cells of diff erent grade. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

The eff ects of cisplaƟ n-ibuprofen conjugate free and immobilized in mesoporous nanostructured silica on the change of 
morphology of mouse melanoma cells, and anƟ tumor potenƟ al in vivo  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Role of Claudins 3, 4 and 7 in Triple NegaƟ ve Breast Cancer progression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Impairment of cystaƟ n F acƟ vaƟ on can increase the cytotoxicity of NK cells. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

CisplaƟ n-Killed Cells as a Preferable Method for GeneraƟ ng Tumor Cell-Based Vaccines . . . . . . . . . . . . . . . . . . . . . . . . . 64

Modes of AcƟ vity and PrognosƟ c Signifi cance of the Hedgehog-GLI Signaling Pathway in Prostate Cancer . . . . . . . . . . 64

Platelet-released factors boost proliferaƟ on of mulƟ ple myeloma cells and changes in bone marrow stroma with 
implicaƟ ons of NFκB pathway involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

In vitro anƟ cancer acƟ vity of kaempferol-derived fl avonoids against pancreaƟ c adenocarcinoma . . . . . . . . . . . . . . . . . 66

Amassing a treasure trove for drug repurposing using chemoproteomics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

CharacterizaƟ on of heterogeneity of cancer-associated fi broblasts isolated from PDAC paƟ ents . . . . . . . . . . . . . . . . . . 67

Exploring the anƟ cancer acƟ vity of essenƟ al oil of Satureja montana L. from Montenegro  . . . . . . . . . . . . . . . . . . . . . . 67

POSTER PRESENTATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

A pilot study of the associaƟ on between variants rs25487 of XRCC1 gene, rs1801320 of RAD51 gene, and rs13181 of 
ERCC2 gene and acute toxicity of rаdiaƟ on therapy aŌ er radical prostatectomy in paƟ ents with prostate cancer  . . . . 69

Overview and data management of gastropancreaƟ c oncology biobank sample and data collecƟ on. . . . . . . . . . . . . . . 69

DetecƟ on of resistant EGFR T790M mutaƟ on from liquid biopsy samples of paƟ ents with advanced non-small cell lung 
cancer: comparison of qPCR and dPCR detecƟ on methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Histomics: Bridging Radiomics and Histopathology Towards Advancing PrognosƟ caƟ on of Breast Cancer Metastasis . 71

Eff ects of promoter methylaƟ on and mutaƟ on on BRCA1/2 expression in ovarian cancer. . . . . . . . . . . . . . . . . . . . . . . . 74

Ultra-short cfDNA fragment detecƟ on during systemic therapy of advanced-stage colorectal cancer  . . . . . . . . . . . . . . 75



Comparison of variant calling tools for mutaƟ on analysis of BRCA1 and BRCA2 genes in paƟ ents with epithelial ovarian 
cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Expression and heteromerizaƟ on of adenosine A2A and dopamine D2 G protein-coupled receptors in neuroendocrine 
tumors of the lung  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

DetecƟ on of viral proteins in locally advanced rectal cancer paƟ ent samples by mass spectrometry – predicƟ ve potenƟ al 
for response to neoadjuvant chemoradiotherapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

PrognosƟ c Value of Combined Hematological/Biochemical Indexes and Tumor Clinicopathologic Features in Colorectal 
Cancer PaƟ ents—A Pilot Single Center Study  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

The Polymorphisms of Genes Encoding AnƟ oxidant Enzymes Modulate the Risk for TesƟ cular Germ Cell Tumor. . . . . 79

Complementarity of miR-203a-3p and ETS-1 sequences may infl uence agressiveness of papillary thyroid carcinoma. 79

CharacterizaƟ on of nischarin expression in pancreaƟ c ductal adenocarcinoma  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Expression profi le of CD81 gene transcripts in colorectal cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

GeneƟ c polymorphisms of enzymes involved in redox homeostasis can infl uence survival in smokers and overweight 
paƟ ents with prostate cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

Expression of long non-coding RNA HOTAIR in rectal cancer as a potenƟ al predictor of response to chemoradiotherapy
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

PrognosƟ c potenƟ al of redox status, SLFN11, and PD-L1 in colorectal cancer paƟ ents  . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Interleukin-6, a potenƟ al plasma biomarker for diagnosis and prognosis of thyroid neoplasms  . . . . . . . . . . . . . . . . . . . 83

The eff ect of tyrosine kinase inhibitors in high-grade glioma paƟ ent-derived cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

The signifi cance of interleukin-8 in hormonally dependent early breast cancer – associaƟ on with the established 
parameters ER/PR and HER2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

Variant rs745430558 in the SMAD4 gene promoter as a biomarker for adenocarcinoma of the pancreas  . . . . . . . . . . 85

Eff ect of BET inhibitors on cancer stem cells sorted from primary oral cancer cell culture. . . . . . . . . . . . . . . . . . . . . . . . 85

Precision medicine in gastrointesƟ nal oncology – gemcitabine-based systemic chemotherapy in paƟ ents with advanced/
metastaƟ c pancreaƟ c carcinoma  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Precision medicine in gastrointesƟ nal oncology – therapeuƟ c approach in paƟ ents with braf mutant metastaƟ c colorectal 
cancer: a retrospecƟ ve analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Iron metabolism in the prognosis of epithelial ovarian cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

Can serum HER2 tesƟ ng add prognosƟ c value to rouƟ ne Ɵ ssue HER2 analysis for primary breast cancer paƟ ents?. . . 87

PrognosƟ c signifi cance of the localizaƟ on of the primary tumor and HER2-receptor expression in KRAS wild-type 
metastaƟ c colorectal cancer treated with anƟ -EGFR therapy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Expression Profi le of Sex Hormone Receptors in Head and Neck Cancer: Unraveling Gender DispariƟ es. . . . . . . . . . . . 88

CirculaƟ ng cytokine changes in BRAFwt MM paƟ ents during anƟ -PD-1 therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

PrognosƟ c signifi cance of pathologically detected extramural venous invasion (EMVI) in rectal carcinoma  . . . . . . . . . 90

Genomic instability as a prognosƟ c marker in malignant brain cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

Head and neck cancer: single- and two-stage reconstrucƟ on  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Simultaneous EGFR L858R and T790M mutaƟ ons in treatment-naïve metastaƟ c lung adenocarcinoma: a case study and 
therapeuƟ c implicaƟ ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91



Tracing the connecƟ on between trace metals and oxidaƟ ve stress in malignant brain tumors and hydrocephalus  . . . 92

AnƟ -cancer acƟ vity of newly synthesized derivaƟ ves of nicoƟ nic acid on several monolayer and three-dimensional solid 
tumor models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

The eff ect of Lactobacillus salivarius on AKT-mTOR signaling pathway in normal, dysplasƟ c, and oral cancer cell co-
cultures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Violacein enhances the cytotoxic eff ect of commonly used chemotherapeuƟ cs on rhabdomyosarcoma cells  . . . . . . . 94

AnƟ cancer eff ects of non-toxic repurposed drugs on hamster fi brosarcoma – fast applicable in oncology  . . . . . . . . . . 94

PotenƟ al of Tamoxifen-based Copper(II) Dichloride in Breast Cancer Therapy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

The mechanism of acƟ on of ruthenium compounds on ovarian tumor cells OVCAR-3. . . . . . . . . . . . . . . . . . . . . . . . . . . 95

MulƟ drug resistant non-small cell lung cancer cells present collateral sensiƟ vity to plaƟ num-based drugs. . . . . . . . . . 98

Anoikis as a novel mode of shikonin derivaƟ ves anƟ cancer acƟ on on C6 glioma cells  . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

Diff erent mitochondrial response in A549 KRASG12S cells and Mcf7 KRAS wild type cells  to the treatment with 
mitochondrial superoxide radicals triggering agent 2-(1-Benzyl-4-piperidinylamino)-4-(4-chlorophenyl)-4-oxo-N-
phenylbutyramide (BPCPh)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

AnƟ cancer acƟ vity of diphenylƟ n(IV) compounds bearing carboxylato N-funcƟ onalized 2-quinolones  . . . . . . . . . . . . 100

Bismuth ferrite nanoparƟ cles increase ROS producƟ on and p62 expression in A375 melanoma and HeLa cells. . . . . 100

SƟ mulaƟ on and inhibiƟ on of NF-kB by repurposed drugs – eff ects on hamster fi brosarcoma. . . . . . . . . . . . . . . . . . . . 101

TargeƟ ng Tumor pH: The Role of Sodium Bicarbonate in Cancer Treatment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

AnƟ tumor potenƟ al and impact on redox homeostasis of the essenƟ al oil of Black pepper (Piper nigrum L.) . . . . . . .102

AnƟ parasiƟ c drug IvermecƟ n, a potenƟ al anƟ cancer drug. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Role of the SALL2 TranscripƟ on Factor in Epithelial-Mesenchymal TransiƟ on and its ImplicaƟ on in Tumor Malignancy in 
Colorectal Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Cytotoxic acƟ vity of extract of Helichrysum plicatum DC. on human cancer cells in vitro  . . . . . . . . . . . . . . . . . . . . . . .104

The role of ROS in MAPK-dependent autophagy involved in phorbol myristate acetate-induced macrophage diff erenƟ aƟ on 
of HL-60 leukemia cells  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Monitoring of the presence of EGFR-mutated DNA during EGFR-targeted therapy may assist in the predicƟ on of treatment 
outcome  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

Benefi t of immunotherapy administraƟ on on overall survival of paƟ ents with NSCLC according to real world data analysis
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

INDEX  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107



III

The fi rst number of Oncology Insights includes 
 PROCEEDINGS BOOK of

THE SIXTH CONGRESS OF THE SERBIAN ASSOCIATION FOR CANCER RESEARCH
with internaƟ onal parƟ cipaƟ on

From CollaboraƟ on to InnovaƟ on in Cancer Research

2nd – 4th October 2023
Royal Inn Hotel, Belgrade

SDIR-6 ORGANIZER
Srpsko društvo istraživača raka (SDIR)

Serbian AssociaƟ on for Cancer Research (SACR)
www.sdir.ac.rs



Oncology InsightsSDIRSACR

2. Trama A, Stark D, Bozovic-Spasojevic I, Gaspar N, Peccatori F, Toss A, Bernasconi A, Quarello P, Scheinemann K, 
Jezdic S, Blondeel A, Mountzios G, Bielack S, Saloustros E, Ferrari A. Cancer burden in adolescents and young 
adults in Europe. ESMO Open. 2023;8(1):100744. doi: 10.1016/j.esmoop.2022.100744

3. Bozovic Spasojevic I, Ferrari A, De Munter J, Gamble A, Konsoulova-Kirova A, Rizvi K, Schneider C, Balsat M, 
Castleton A, GoŌ i-Laroche L, Kienesberger A, Timmermann B, Vormoor J, Saloustros E, Stark DP. Have we made 
progress in taking care of adolescents and young adults with cancer? Results of a European mulƟ -professional 
survey. Tumori. 2023:3008916231183477. doi: 10.1177/03008916231183477.

4. Saloustros E, Stark DP, Michailidou K, Mountzios G, Brugieres L, Peccatori FA, Jezdic S, Essiaf S, Douillard JY, 
Bielack S. The care of adolescents and young adults with cancer: results of the ESMO/SIOPE survey. ESMO Open. 
2017;2(4):e000252. doi: 10.1136/esmoopen-2017-000252.

5. Ferrari A, Stark D, Peccatori FA, Fern L, Laurence V, Gaspar N, Bozovic-Spasojevic I, Smith O, De Munter J, Derwich 
K, Hjorth L, van der Graaf WTA, Soanes L, Jezdic S, Blondeel A, Bielack S, Douillard JY, Mountzios G, Saloustros E. 
Adolescents and young adults (AYA) with cancer: a posiƟ on paper from the AYA Working Group of the European 
Society for Medical Oncology (ESMO) and the European Society for Paediatric Oncology (SIOPE). ESMO Open. 
2021;6(2):100096. doi: 10.1016/j.esmoop.2021.100096.

 Control of IFN-γ Responsiveness and MetastaƟ c PotenƟ al in Melanoma by GSTA4
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Background: Interferon-gamma (IFNγ) is a crucial eff ector molecule of anƟ tumor immunity. This cytokine promotes 
the excessive producƟ on of reacƟ ve oxygen species (ROS) in tumor cells, which leads to DNA damage and senescence 
[1]. Recently it has been discovered that IFNγ can also trigger cancer cell ferroptosis by fostering lipid peroxidaƟ on 
[2]. Cancers oŌ en evade anƟ tumor immunity by losing their responsiveness to IFNγ. Consequently, IFNγ becomes 
a criƟ cal player in the immunoediƟ ng process, selecƟ ng tumor cells with immunoevasive properƟ es [3]. Defects in 
responsiveness to IFNγ in cancer cells signifi cantly contribute to the limited success of cancer immunotherapy in clinics 
[4], emphasizing the importance of understanding the mechanism behind the IFNγ-mediated immunoediƟ ng process. To 
address this issue, we invesƟ gated how tumor cells escape IFNγ-dependent immune response through immunoediƟ ng 
by analyzing originally established immune-escape variants of melanoma cells. Material and Methods: We used a 
previously established in vivo model in which anƟ tumor immunity was IFNγ dependent [5]. Mouse B16 melanoma 
cells expressing ovalbumin as a tumor-specifi c anƟ gen (B16OVA) were subcutaneously inoculated in OVA-immunized 
B6 mice. In this model, tumor growth suppression by host IFN-γ lasts for a limited Ɵ me, aŌ er which all tumors progress. 
Next, we established cancer cell lines with diff erent in vivo immunological experiences. Tumor cells were isolated from 
same-sized tumors from wild-type (WT) untreated mice (established cell lines were named "NIMM"), from WT OVA-
immunized mice aŌ er the cessaƟ on of immune control of tumor growth (established cell lines were named "IMM"), or 
from IFNγ knockout (IFNγ KO) OVA-immunized mice (established cell lines were named "GKO-IMM"). IMM, NIMM, and 
GKO-IMM cells were re-challenged in OVA-immunized mice to test their ability to provoke anƟ tumor immunity. Instead 
of immunizaƟ on with OVA anƟ gen, in some experiments, the anƟ -PD-1 anƟ body was administered intraperitoneally to 
iniƟ ate tumor-specifi c immunity in vivo. To examine changes in phenotype resulƟ ng from the IFNγimmunoediƟ ng process, 
total RNA was extracted from parental B16OVA cells and immune-escaped IMM cells. Gene expression was analyzed 
using a GeneChip system with GeneChip Mouse Gene 2.0 ST Array. mRNA and protein expression of selected genes was 
quanƟ taƟ vely determined by real-Ɵ me PCR and western bloƫ  ng, respecƟ vely. GSTA4 overexpression or knockdown 
was performed to determine its funcƟ onal role in the immunoevasive phenotype of IMM cells. Cell sensiƟ vity to IFNγ 
and 4–hydroxynonenal (4–HNE), a lipid peroxidaƟ on product, was esƟ mated by WST–8 cell viability assay. CellROX 
Deep Red reagent was used to detect IFNγ-induced intracellular ROS accumulaƟ on. Transwell invasion assay was used 
to assess melanoma cells' in vitro metastaƟ c potenƟ al. In the in vivo experimental lung metastasis model, cells were 
injected into the tail vein and metastasized tumor colonies on the surface of the lungs were counted. The correlaƟ on 
of GSTA4 expression in human melanoma paƟ ents with tumor-free survival rates, and response to anƟ –PD1 treatment 
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in correlaƟ on with GSTA4 expression and survival rates were obtained from publicly available databases. Results:
Upon re-challenging into OVA-immunized mice, IMM cells showed unrestrained progression, while the growth of 
NIMM and GKO-IMM tumors was suppressed. In addiƟ on, only IMM cells specifi cally lost OVA anƟ gen expression, 
indicaƟ ng that these cells gained the ability to evade the OVA-specifi c anƟ tumor immune response. In line with in vivo 
data, IFNγ treatment in vitro reduced the viability of parental B16OVA, NIMM, and GKO-IMM cells, while the viability 
of IMM cells was intact. InteresƟ ngly, IFNγ upregulated the expression of MHC class I (H-2Kd) and PD-L1in IMM cells, 
suggesƟ ng that these cells did not have the defect in IFNγ signaling. We found that the lack of IMM cell responsiveness 
to the IFNγ-induced cytostaƟ c eff ect was due to the acquisiƟ on of resistance to the IFNγ-induced oxidaƟ ve stress 
response. Gene expression analysis using DNA microarray revealed that the most upregulated gene in immu noevasive 
IMM cells was glutathione-S-transferase-4 (GSTA4). GSTA4 is a member of a family of detoxifi caƟ on enzymes that play 
an essenƟ al protecƟ ve role in cellular oxidaƟ ve stress responses [6]. GSTA4 overexpression in parental B16OVA cells 
reduced ROS producƟ on and increased their resistance to the IFNγ-induced cytostaƟ c eff ect in vitro. Consequently, 
the growth of B16OVA cells overexpressing GSTA4 was more aggressive in OVA-immunized mice than that of parental 
B16OVA cells. In parallel, the knockdown of GSTA4 in IMM cells led to increased intracellular ROS levels and decreased 
viability upon in vitro IFNγ treatment. IMM tumors were resistant to anƟ -PD1 treatment in vivo, and the knockdown 
of GSTA4 reinvigorated their responsiveness. In addiƟ on to the role in acquired resistance to IFNγ, we found that the 
upregulaƟ on of GSTA4 was also responsible for the higher metastaƟ c potenƟ al of IMM tumors. Next, we confi rmed 
the results from the mouse model in human melanoma. GSTA4 expression levels in Malme3M, UACC 62, and MeWo 
melanoma cell lines inversely correlated with their sensiƟ vity to in vitro IFNγ treatment. Database analysis revealed 
a signifi cant correlaƟ on between the expression of GSTA4 and the metastasis-free survival rate of human melanoma 
paƟ ents. Melanoma paƟ ents with low GSTA4 expression were beƩ er responders and showed a beƩ er progression-free 
survival rate to anƟ -PD1 therapy, further supporƟ ng the clinical relevance of our fi ndings. Conclusion: In this study, 
we uncovered a new mechanism through which cancer cells evade immune surveillance and enhance their ability to 
metastasize by developing resistance to oxidaƟ ve stress responses through GSTA4 upregulaƟ on. Our results suggest 
that targeƟ ng the oxidaƟ ve stress response in cancer cells emerges as a promising therapeuƟ c strategy to overcome 
immune resistance and regulate the progression of metastasis [7].
Keywords: Immunotherapy, Interferon-gamma, Melanoma, Neoplasm Metastasis, OxidaƟ ve Stress
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