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Abstract 

In the past decades, research in the field of molecular profiling of cancer was strongly affected by the rapid 

development of technologies. 

Advances in Cancer Prevention 
Mbaye, Adv Cancer Prev 2023, 7:3 

 
 

 

Concept of Chemotherapy by Molecular Analysis 
Mbaye E H S* 

Department of Cancer, Aristide Le Dantec Hospital, Senegal 

 

 

Keywords: Organoid cultures; Drug Effects; Proteomic methods; 

Xenograft models; Clonal Cell lines; mRNA’s 

Introduction 

The complex disease-related alterations in the molecular networks, 

that are associated with response to chemotherapy, result in significant 

clinical heterogeneity among individual tumours and patients. A detailed 

and comprehensive understanding of drug response mechanisms is 

essential to ultimately guide a molecular based personalized anticancer 

therapy [1]. Today, the complex networks of cellular mechanisms 

in cancer cells are just incipiently understood. Progress in all fields 

of cancer research, ranging from the optimization of cellular models 

and chemo-sensitivity assays over proteomics to genomics is revealing 

more and more facets of determinants of individual chemo-sensitivity. 

Besides studies in patients and xenograft models of tumours, in vitro 

cell cultures are the most commonly used systems for the analysis of 

cellular responses to drug treatment. A whole spectrum of cellular 

models ranging from secondary cell lines and primary mixed cultures 

over multicellular spheroids to organoid cultures are being used in 

cancer research [2]. These models are being constantly optimized to 

mimic the origin tumour and tumour microenvironment as close as 

possible as shown in (Figure 1) Cell culture models are the basis for 

the molecular analysis of individual drug response. Relatively common 

approach to measure cellular chemo-sensitivity is the use of various 

in vitro chemo-sensitivity assays, which basically only detect the sum 

of all specific cellular drug effects. This measurement of drug effects 

on cell viability is deeply integrated in basic research, as well as in the 

clinical setting for the general determination of chemo-resistance of a 

patients tumour. 

Methodology 

To investigate the molecular details of individual drug responses, 

genomic and proteomic methods were integrated in cancer research 

[3]. These technologies enable comprehensive investigation of the 

multi-factorial mechanisms underlying individual   drug   response 

by the simultaneous analysis of thousands of genes or proteins. 

This huge amount of generated data can be merged to a complex 

picture of molecular networks and will significantly contribute to 

the understanding of the diversity in individual drug response. The 

technical advances in all areas are enhancing the amount of information 

output rapidly and ultimately the interconnection of all fields of research 

should be able to combine molecular attributes to individual, molecular 

signatures of chemo-sensitivity [4]. The molecular characterization of 

patients will shift the concept of anticancer therapy from standardized 

treatment of patients to specialized treatment concepts for molecular- 

defined subgroups of patients. In the future, this individualization of 

anticancer therapy will increase survival and life quality of patients, 

by being able to provide maximal effective therapies and sparing them 

from un-effective therapies and side effects. The prediction of response 

to chemotherapy at the molecular level is currently mostly based on 

data derived from in vitro experiments [5]. Besides studies in patient 

populations and xenograft models of tumours, cell cultures are the most 

commonly used in vitro systems for the analysis of cellular responses to 

drug treatment. Various types of cell culture models exist. These models 

differ in their ability to reflect the in vivo situation, which is of great 

importance for further translation of results to the clinical setting [6]. As 

a result of the gain in knowledge of cancer-specific signalling networks 

and metabolic pathways, it became obvious, that cell behaviour is 

strongly influenced by the microenvironment of the cell. These findings 

had great impact on the development of in vitro cell culture models and 

their use in drug discovery and translational research. 2D cell cultures 

are the oldest and widely used models in cancer research, comprising 

mainly clonal-secondary and infrequently primary cell lines [7]. 

Clonal-secondary cell lines are inexpensive in acquisition and easy to 

handle. Due to their ability to grow infinitely, they are well applicable in 

high-throughput screenings, suitable for genetic modification and good 

sources for preparations of cell components. However, the preparation 

of cell lines from a tumour, results in loss of the 3D in vivo structure and 

 

Figure 1: Tumour Micro-Environment. 
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in diversity of cell populations, thus these models only partly represent 

the origin tumour. Alongside the progress in laboratory technologies, 

the design of more and more extensive in vitro models became 

possible [8]. Based on first attempts to rebuild 3D tumour structures, 

using secondary cell lines and natural as well as artificial extracellular 

matrices, the techniques for the preparation of such models rapidly 

advanced. Currently, the mixed culture of different cell types, the use 

of feeder layer cell lines and the induction of angiogenesis in these 3D 

cell culture systems are main improvements in this area of research [9]. 

Nonetheless, these models represent artificial microenvironments and 

many features of an original tumour cannot yet be displayed. Complex 

models such as in vitro 3D-organoid cell cultures or xenografts 

currently best display the characteristics of an in vivo tumour as shown 

in( Figure 2). The cultivation of vital tumour tissue slices, for example, 

enables drug testing in a natural tumour environment and has the 

capability to reveal tissue composition dependent cellular responses 

to anticancer therapy. Xenografts also have the ability to mimic the 

in vivo microenvironment of a tumour in a physiological context, 

regarding nutrient supply, angiogenesis etc. However, using this model, 

differences in metabolism, body size and genetic background between 

the host species and humans have to be considered [10]. In summary, 

organoid cell cultures and xenografts represent valuable bridge models 

between in vitro cell lines and the clinical in vivo setting. The choice of a 

cell culture model for research should depend on the application in the 

study design and cost-benefit ratio. Over 60 years ago, the first human 

clonal cancer cell line was established from a patient’s tumours. Today, 

human tumour-derived clonal cell lines are able to grow in vitro, are easy 

to handle and thus they find wide application. Thousands of cell lines 

from diverse tumour entities can be purchased from different suppliers. 

These cell lines are characterized and usually delivered including basic 

data, such as genetic profile, morphology, doubling time, cyto-genetics 

and references, by which additional data can be received using literature 

search. Being such robust and easy to handle models, secondary cell lines 

are a preferred starting point for the analysis of cellular mechanisms, 

e.g. resistance to anticancer therapy and signalling pathways. These 
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models are also routinely used in versatile applications, e.g. testing 

of efficacy of compounds, examination of metastasis mechanisms, 

preparation of cellular compartments, extraction of proteins and DNA 

[11]. Furthermore, secondary cell lines are well suited for artificial 

manipulation of cell characteristics, such as expression of mRNAs and 

proteins, mutations and modulation of chemo-sensitivity. For example, 

approaches to understand acquired drug resistance are cancer cell lines 

with established drug resistance. Continuous exposure of these drug- 

sensitive cell lines to anticancer therapeutics in vitro, selects for the 

relatively rare drug-resistant clones, which are then further raised to a 

chemo-resistant sub clone cell line [12]. 

Results 

Comparative analysis of properties of the parental drug-sensitive 

cell lines and the selected drug-resistant cell lines has the potential 

to identify specific molecular mechanisms of drug resistance. Hence, 

transformed cell lines and their parental counterparts are also 

commercially available and represent artificial, but defined models for 

the investigation of determinants of chemo-sensitivity [13]. Nowadays, 

secondary cell lines are integrated in huge compound screening 

programs for drug discovery and research programs to understand 

the underlying mechanism of individual response to chemotherapy. 

Secondary cell lines fulfil all requirements for implementation in high-

throughput screenings, enabling the rapid screening of large panels of 

compounds. The National Cancer Institute 60 platform was the first 

high-throughput cancer cell line screening program and therefore 

triggered the development of adequate techniques [14]. The 

experimental methods had to be adapted to the requirements of 

economic, high-throughput screenings, e.g. high-content data mining, 

automation of handling liquids, miniaturization of cell culturing and 

drug testing procedures. A major finding of the program was that 

compounds with similar patterns of cell line chemo-sensitivity tend to 

have common mechanism of action, which led to the development of 

new algorithms for data analysis and adaption of study designs. The 

 

 
Figure 2: Vivo tumour. 
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NCI60 anticancer drug discovery program was reviewed in detail by 

Shoemaker, who highlighted its history and methodology. Learning 

from the NCI60 experiences, the Cancer Chemotherapy Center of the 

Japanese Foundation for Cancer Research established the JFCR-39 

platform. This panel of 39 human tumour-derived cell lines included 

a subset of the NCI60 cell lines and additional gastric cancer cell 

lines. A new algorithm for data analysis enabled the comparison of 

newly screened compounds with previously screened compounds to 

discriminate between new or previously described modes of action. 

Using the COMPARE algorithm and advanced data mining techniques, 

several new anticancer agents were identified. In drug discovery or 

predictive biomarker studies for the introduced targeted anticancer 

therapeutics’, small panels of cancer cell lines cannot display the 

clinical activities of these compounds, which are often limited to small 

subgroups of molecular-defined patients [15]. Taking this into account, 

high-throughput screenings are now being adapted to much larger 

panels of cell lines. 

Discussion 

To capture the genetic heterogeneity among diverse cancers, Mc 

Dermott and colleagues developed an automated platform for the 

screening of the chemo-sensitivity of 500 solid cancer cell lines to 

kinase inhibitors. In this study, they observed the expected response 

rates with only small subgroups of cell lines showing responses 

to particular compounds. Therefore, a comprehensive cancer cell 

line platform was established, currently including 1,200 cancer cell 

lines [16]. Due to the fact that only around 80 % of those secondary 

cancer cell lines are adaptable to high-throughput screening, mostly 

caused by technical limitations such as insufficient doubling times or 

atypical culture requirements, this panel is referred to as the Center 

for molecular Therapeutics 1000. This cell line panel is currently being 

used to investigate the genetic determinants for chemo-sensitivity. 

First results from this large data sets showed that tumour-derived cell 

lines recapitulate clinical findings concerning responses to targeted 

inhibitors. Another, very recent approach in generating primary cell 

lines for in vitro experiments has been introduced by Lui [17]. This 

approach initially comprised a method to indefinitely extend the life 

span of primary human keratinocytes using both fibroblast feeder cells 

and a Rho-associated kinase inhibitor, and is also efficiently applicable to 

establish cell cultures from human and rodent tumours. This innovative 

technique provides significant opportunities for cellular diagnostics 

and molecular therapeutics, expands the value of bio-banking and 

has the potential to greatly improve personalized medicine. A general 

disadvantage of secondary cell lines is that they only represent one 

cell from a diverse tumour microenvironment which resembles the 

capabilities necessary for adapting to in vitro culture [18]. It is still 

unclear in which manner adaption to in vitro culturing and multiple 

passaging influences cell characteristic/behaviour. The establishment 

and cultivation of primary mixed single cell cultures always have 

been quite complicated. Primary mixed cell cultures isolated from 

patient’s tumours represent a wide spectrum of cell types abundant in 

vivo. This diverse mixture mainly consists of different epithelial- and 

mesenchymal cancer cells, tumour associated stroma and immune 

cells. Therefore, these primary cell cultures more closely reflect the 

in vivo situation than secondary, clonal cell lines. However, several 

difficulties are still to overcome, while establishing primary mixed 

cultures. The basis for the preparation of primary, mixed cell cultures is 

vital tumour tissue and experience in cell culture handling [19]. Besides 

the quality of tumour tissue, the method for preparation of single cells 

from a tumour, the surface preparation of cell culture dishes and finally 

the composition of the culture media are also essential parameters for a 
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successful establishment of primary mixed cultures. The artificial shifts 

in and losses of cell populations, due to unnatural in vitro culturing 

and passaging, limits the maximal diversity of cell types to low passage 

primary, mixed cultures. Most studies using primary cells prepare cell 

cultures shortly after tumour resection and disseminate cells directly 

for experiments [20]. Studies regarding the in vitro chemo-sensitivity of 

primary cells were conducted in different tumour entities e.g. small cell 

lung cancer, colorectal cancer, gastric cancer, Leukemia, ovarian cancer 

and head and neck cancer. 

Conclusion 

One limiting factor is that, the diversity of cell types will decrease 

during in vitro cultivation, due to the dissimilar ability of different 

cell types to proliferate in vitro and survive passaging. Another issue 

limiting the predictive value of these cell cultures is the loss of the 3D 

architecture of the origin tumour. 
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