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level I altera  ons in all pa  ents presen  ng with advanced non-squamous NSCLC.
It has been shown in several clinical studies, that if pa  ents whose lung cancers harbour driver muta  on are not 
treated with adequate target therapy, their outcomes are worse than pa  ents whose tumours do not harbour driver 
muta  ons. It is, therefore, necessary to u  lise all molecular diagnos  c tools of precision oncology at our disposal to 
diagnose, monitor and follow all our pa  ents with NSCLC, in order to ensure the best possible outcomes. 
Keywords: Precision oncology, Molecular tes  ng, Non-small cell lung cancer, Targeted therapy
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 High-throughput screening of mul  drug-resistance markers in non-small cell lung carcinoma pa  ent-
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Introduc  on: Cancer remains one of the leading causes of death globally, despite signifi cant advancements in cancer 
treatment over the past decades. A major challenge in cancer therapy is mul  drug resistance (MDR), which is 
responsible for over 90% of deaths in cancer pa  ents receiving both tradi  onal chemotherapeu  cs and novel targeted 
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drugs. MDR arises from various mechanisms, including elevated metabolism of foreign substances (xenobio  cs), 
enhanced drug effl  ux from cells, increased DNA repair capacity, and gene  c factors such as gene muta  ons, 
amplifi ca  ons, and epigene  c altera  ons. It is categorized into two types: primary resistance, which exists before 
ini  a  ng therapy, and acquired resistance, which develops a  er the ini  al treatment. The incidence of primary 
resistance to cancer treatment can be remarkably high (up to 60%) in certain cancer types. Furthermore, the majority 
of cancer pa  ents are likely to develop resistance at some point during treatment. Although, the various underlying 
mechanism for drug resistance development in tumors have been highlighted in the past years, enhanced drug effl  ux, 
caused by increased expression of ATP-binding casse  e (ABC) membrane transporters, is one of the major contributors 
to MDR. Among the known ABC transporters, three members, P-glycoprotein (P-gp, encoded by the MDR1 gene), 
Mul  drug Resistance-Associated Protein 1 (MRP1), and Breast Cancer Resistance Protein – BCRP or Placenta ABC 
Protein – ABC-P), have been linked to chemoresistance to various drugs. P-gp and BCRP regulate various chemical 
compounds' distribu  on, absorp  on, and excre  on. However, their overexpression can interfere with drug 
administra  on, reducing drug bioavailability and intracellular concentra  on. There is a signifi cant correla  on between 
increased expression of P-gp in cancer cells and enhanced resistance to drugs like paclitaxel, etoposide, DOX, and 
vinblas  ne. Overexpression of P-gp has been observed in approximately 50% of all human cancers. While in some 
tumor types, such as lung, liver, kidney, rectum, and colon, increased P-gp expression has been observed before 
chemotherapy treatment, in others, such as acute lymphoblas  c leukemia and acute myeloid leukemia, it has been 
no  ced a  er exposure to an  cancer agents. Overexpression of P-gp and BCRP has been associated with poor clinical 
response and MDR in pa  ents. Therefore, the pharmacological inhibi  on of the effl  ux func  on of these transporters 
was pursued as a strategy to overcome resistance to an  cancer drugs in the clinic. However, despite showing high 
effi  cacy in preclinical studies, none of the P-gp inhibitors have been approved yet by the U.S. Food and Drug 
Administra  on (FDA) for clinical use in cancer treatment. Taking into account all the above-men  oned it is clear that 
screening and assessment of MDR markers in pa  ent's cancer cells could play an important role in personalized 
treatment approaches. Expressing MDR markers in cancer cells could predict a pa  ent's response to specifi c drugs or 
drug classes, allowing the selec  on of the most eff ec  ve treatment regimen and avoiding using drugs that are likely 
ineff ec  ve due to resistance. Moreover, the presence of MDR markers associated with resistance to mul  ple drugs 
could guide the design of personalized treatment regimens with a combina  on of drugs that have a higher chance of 
overcoming the pa  ent's specifi c drug resistance profi le. Monitoring the expression level of MDR markers during the 
course of treatment could provide valuable insights into the development of drug resistance, and would allow 
healthcare professionals to adjust the treatment plan if drug resistance emerges, ensuring that the pa  ent receives the 
most eff ec  ve therapy. Our team established a promising method for high-throughput screening for MDR markers in 
non-small cell lung carcinoma (NSCLC) pa  ent-derived cells, which implies pharmacological screening and an ex vivo 
experimental se   ng. It enables gaining valuable insights into pa  ent characteris  cs and drug responses that may not 
be apparent through conven  onal sequencing or clinical trials. This strategy has the poten  al to improve personalized 
cancer treatment approaches, off ering pa  ents more eff ec  ve and tailored therapies based on their individual 
characteris  cs and drug responses. Methodology: Pa  ent-derived NSCLC cell cultures. Samples from NSCLC pa  ents 
are collected from the Thoracic Surgery Clinic at the Clinical Center of Serbia. The histological grade is determined by 
histopathological analysis of the surgical specimen. Collected NSCLC samples are used to establish pa  ent-derived 
NSCLC cell cultures comprising cancer and stromal cells (mainly fi broblasts). It is well known that the sensi  vity of 
cancer cells depends on their interac  on with the microenvironment including neighboring cells. The primary cultures 
obtained from the samples are grown for 1-2 weeks prior to drug tes  ng. Fluorescence immunoassay for high-
throughput iden  fi ca  on of cancers cells and MDR markers in NSCLC pa  ent-derived cell cultures. The fl uorescence 
immunoassay u  lizes an  bodies against CK8 and CK18, which are expressed in nearly all carcinomas of epithelial 
origin, to iden  fy epithelial cancer cells. Co-staining of CK8/18 with Hoechst 33342 allows the iden  fi ca  on and 
quan  fi ca  on of two types of cells: CK8/18-nega  ve (non-cancer cells) and CK8/18-posi  ve (cancer cells). This 
immunoassay is also used to iden  fy and quan  fy changes in the expression of MDR markers ABCB1, ABCC1, and 
ABCG2 both in cancer and non-cancer cells in primary NSCLC cultures that may occur during chemotherapy and tyrosine 
kinase inhibitors (TKIs) treatment. Co-staining of ABCB1, ABCC1, and ABCG2 with CK8/18 and Hoechst 33342 enables 
the iden  fi ca  on of four types of cells in NSCLC primary cell cultures: drug-sensi  ve non-cancer cells, MDR non-cancer 
cells, drug-sensi  ve cancer cells, and MDR cancer cells. For valida  on of the immunoassay pa  ent-derived cells are 
seeded in 384 well-plates and treated with 5 diff erent concentra  ons of 8 chemotherapeu  cs known to induce 
overexpression of MDR markers (cispla  n, carbopla  n, paclitaxel, docetaxel, gemcitabine, vinorelbine, etoposide, and 
pemetrexed), allowing the ex vivo evalua  on of NSCLC MDR profi le. Validated immunoassay is further used to evaluate 
the expression of MDR markers ABCB1, ABCC1, and ABCG2 (MDR profi le) in pa  ent-derived cell cultures a  er treatment 
with a panel of 10 TKIs (erlo  nib, gefi  nib, afa  nib, osimer  nibcrizo  nib, alec  nib, ceri  nib, nintedanib, dabrafenib, 
and trame  nib), allowing the evalua  on of MDR profi le in both cancer and stromal cells. The sensi  vity of cancer and 
stromal cells for each individual NSCLC pa  ent to a par  cular TKI is assessed using a discrimina  ve immunoassay 
employing CK8/18 an  bodies cocktail. Whole Exome Sequencing (WES). Paired pa  ent samples (normal and tumor) 
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were subjected to a DNA isola  on procedure using Qiagen genomic DNA extrac  on kit, recommended for NGS 
applica  ons. Isolated DNA samples underwent WES analyses by Novogene Company. Bioinforma  cs and sta  s  cs tools 
were employed to defi ne clinically relevant gene altera  ons in MDR markers ABCB1, ABCC1, and ABCG2. Results: In 
order to understand how NSCLC pa  ent cells respond to chemotherapy and targeted therapy, ex vivo tes  ng was 
performed. The maximum concentra  on of drugs in human plasma that the pa  ent is exposed to during therapy 
(Cmax) was used as an upper limit for drug concentra  on during tes  ng, with four lower concentra  ons also used. The 
results showed that pa  ent-derived cells display individual diff erences in sensi  vity to both chemo and targeted 
therapeu  cs. IC50 values, which indicate sensi  vity, fell within the concentra  on range for most chemotherapeu  cs. 
Only some chemotherapeu  cs (cispla  n, etoposide, docetaxel, gemcitabine, and pemetrexed) showed selec  vity 
towards cancer cells with lower IC50 values in cancer than in stromal cells. Among TKIs, only erlo  nib was effi  cient with 
IC50 below Cmax, showing selec  vity towards cancer cells in all inves  gated pa  ent-derived cell cultures. A number of 
chemotherapeu  cs increased the expression of ABCB1, ABCC1, and ABCG2, while TKIs afa  nib, alec  nib, ceri  nib, 
osimer  nib, and trame  nib did not aff ect these transporters. Some TKIs increased the expression of ABC transporters, 
with nintedanib showing the poten  al to select cancer cells with higher MDR marker expression. WES showed 
signifi cant ABCC1 gene instability, while ABCB1 had many SNPs with clinical relevance for drug response. ABCG2 had 
the lowest number of SNPs, but intron dele  ons were s  ll iden  fi ed. However, the clinical signifi cance of these changes 
is currently unknown. Conclusion: Screening for mul  drug-resistance markers through a high-throughput process 
provides valuable informa  on about how a pa  ent will respond to therapy. This process can iden  fy if the MDR 
phenotype is already present or if it can be induced with targeted or chemotherapy. Based on this informa  on, it can 
provide recommenda  ons for a pa  ent's mono- and combined therapy. This methodology has the poten  al to greatly 
impact cancer treatment strategies and improve pa  ent outcomes by tailoring therapies to individual pa  ent profi les. 
Ul  mately, this will benefi t a wider range of pa  ents with non-small cell lung carcinoma and other cancers, as it leads 
to more precise and targeted treatment selec  ons.
Keywords: Mul  drug-Resistance Markers, NSCLC, Pa  ent-Derived Cell Cultures, Personalized Therapy,
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