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Advantages  and limitations  of 

stable , commercially  available  

cell  lines  



Commercially  

available  (stable ) 

cancer  cell  lines  

Advantages: 

× Genetically stable 

× Well-defined (genetics, 

transcriptomics and proteomics) 

× Useful for mechanistic and 

molecular studies 

 

Howeveré 



A Disease: Model vs Reality  

Major differences between clinical cases and stable cell line models 

 

More precise tumor models are needed to ensure  

better scientific results and higher predictability of clinical trials! 



Requirement for primary cell 

line models in the literature  

ĂFor decades, immortal cancer cell lines have constituted an 

accessible, easily usable set of biological models to investigate 

cancer biology and explore the potential efficacy of anticancer drugs. 

However, numerous studies suggest that these cell lines poorly 

represent the diversity, heterogeneity and drug-resistant tumors  

ĂAlthough cultured cells can be used to study many 

aspects of cancer biology and response of cells to 

drugs, this study emphasizes the necessity for new in 

vitro cancer models and the use of primary tumor 

models in which gene expression can be manipulated 

and small molecules tested in a setting that more 

closely mimics the in vivo cancer microenvironment so 

as to avoid radical changes in gene expression profiles 

brought on by extended periods of cell culture.ò (JP 

Gillet et. al. 2011, PNAS, vol. 108, no. 46) 

ĂThe few bona fide cell lines, almost all derived from 

metastases, do not span the range of prostate cancer 

phenotypes, and in particular are not representative of 

primary adenocarcinomas of the prostate. Furthermore, 

the question of how extensively long-term culture alters 

the biological properties of cell lines is always lurking. For 

these and other reasons, primary cultures of malignant 

prostatic cells and their normal epithelial counterparts are 

sought.ò (DM Peehl et al. 2005, Endocrine-Related 

Cancer, 12, p.19-47) 

occurring in patient. The derivation and short-term culture of 

primary cells from solid tumors have thus gained significant 

importance in personalized cancer therapy.ò (A. Mitra, et. al. 

2013, Trends Biotechnol.,31(6): 347-354) 



New tools to support your 

drug discovery  



More precise cancer models  

× Primary cancer cell lines click for more details 

Cells isolated from tumor slices derived directly from patient, 

cultured in vitro for only the first couple of passages to avoid cellular 

adaptation  

 

× Human cancer xenografts (mice) click for more details 

Cancer samples are injected directly into the immunocompromised 

mice 

 

× Genetically Engineered Mouse Models (GEMMs) click for more details 

Mice carrying the mutations contributing to cancer development 

 

 

 

 

 

 



No adaptation      

Primary human cancer cell lines  

× During stabilization of the commercially 

available cell lines, cells are artificially 

immortalized and adapt to an in vitro 

environment (oxygen and metabolite 

supply changes and appearance of 

additional mutations) 

× In effect, amplification of genes is 

commonly lost during cell line 

stabilization when compared to tumors 

and primary cancer cell lines 

× Primary human cancer cell lines do not 

have sufficient amount of time to 

undergo adaptation to an in vitro 

environment, therefore they more 

closely reflect in vivo state 

 

 

 

 

Immunocytochemical analysis of human primary breast 

cancer cells in vitro (CLTH/BC, Cat no.  

CL 04002-CLTH). White arrow indicates cells with excess 

EGFR, in contrast to cells indicated by yellow arrow. 

EGFR   DAPI  pan-Cytokeratin 



Heterozygosity       

Primary cancer cell lines  

× The percentage of surgical and 

biopsy specimens described as single 

heterozygous mutation of TP53 is 

very high (35%) compared to only 

10% in stable cell lines  

× Commercially available cell lines 

show a lower proportion of wild-type 

TP53 retention because of more 

frequent 17p LOH and secondary 

heterozygous TP53 mutations 

× Primary cancer cell lines remain 

heterozygous for several passages, 

offering a good model for studies 

 

Exemplary immunocytochemical analyses of human 

primary breast cancer cells (CLTH/BC, Cat no. CL 04002-

CLTH) in vitro ï TP53 nuclear accumulation (green signal) 

EGFR   DAPI 

 



Heterogeneity     

Primary cancer cell lines  

× Composition of tumors is 

diverse, with differences 

between individual cells of the 

same origin (e.i. protein 

expression levels) 

 

× During stabilization process 

only the fittest cells survive, 

making the stable cell lines 

more uniform 

 

× Short period of in vitro culture 
is insufficient for selection 
process to take place in 
primary cancer cell lines 
 

Fig. 1-4 show neoplastic cells selected from various fragments of tumor 

4 3 

1 2 



Invasiveness      

Human  xenografts  

× In order to grow, tumor cells 

need to expand, invading the 

surrounding tissues 

 

× Stable cell lines grown in a 

monolayer or suspension, in 

contrast to xenografts, do not 

reflect the complexity of the 3D 

environment 

 

× Tumors xenografted into       

mice face complex environment, 

mimicking the invasion process 

in human body 

 

 



Environmental regulation     

    Human tumor xenografts  

× Growing tumors have to cope with pressure from surrounding tissue and their 

secretions, whilst securing increased oxygen and metabolite supply 

 

× It is nearly impossible to mimic the environment of the tumor under in vitro 

conditions 

 

 × Xenografts 

reflect the 

environment of 

the tumor, 

providing more 

precise model to 

examine in 

vivo therapeutic 

responses to 

drugs 



Metastasis   GEMMs  

× Numerous cancers are 

lethal due to their 

metastatic nature and 

secondary tumor 

mortality 

 

× Study of the process of 

metastasis requires 

orthotopic tissues as 

well as means of 

mobility (e.i. 

bloodstream) 

 



Growth rate   GEMMs  

× Growth of tumors is impaired by the 

immune system, lack of vascularization 

and spatial restrictions 

 

× While tumor cells generally proliferate 

faster compared to normal body cells, 

they do not come even close to the 

proliferation rate of established cell lines 

 

× GEMMs model is a tool which retains 

poliferation rate observed  in vivo (in 

patient) 

 

Tracking Tumor Growth Rates in Patients with 
Malignant Gliomas: A Test of Two Algorithms, AJNR Am J 
Neuroradiol 22:73ï82, January 2001 



Treatment duration   GEMMs  

× Numerous drug candidates fail due to 

excessive cytotoxicity or inability to reach 

tumor cells 

 

× Only models as complex as human body (e.g. 

GEMMs) can depict the difficulty of delivering 

the right concentration of the drug to the 

correct site in the body 



Model accuracy vs cost  



New Cancer Models  

 - why needed  



Biopharmaceutical drug development:  

 Attrition  

Only small percentage of drug candidates is approved in clinical trials. 




















