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This study is aimed at assessing the association between somatic mutations and gene 

expression in NCI-60 cancer cell lines using publicly available dataset and bioinformatics 

approaches. The study results demonstrate that the deregulation in gene expression profiles in 

cancer only partly can be attributed to the presence of somatic mutations, which implies the 

importance of assessment of epigenetic mechanisms of regulation and multi-omics data integration 

for cancer systems biology.  

 

NCI-60 cancer cell lines – gene expression landscape – somatic mutations 
 

Ուսումնասիրվել է NCI-60 քաղցկեղային բջջային գծերում լայնածավալ գեների էքսպրե-

սիայի և սոմատիկ մուտացիաների կապը: Հետազոտության արդյունքները ցույց են տվել, որ 
դիֆերենցիալ գեների էքսպրեսիան միայն մասամբ են ասոցիացված մուտացիաների առկայու-
թյամբ, ինչը առաջ է բերում էպիգենետիկական մեխանիզմների ուսումնասիրության անհրա-
ժեշտությունը և մուլտիոմիկայի տվյալների ինտեգրումը քաղցկեղների համակարգային կեն-
սաբանության ոլորտում: 

 
NCI-60 քաղցկեղային բջջային գծեր – գեների էքսպրեսիա – սոմատիկ մուտացիաներ 

 
Проведена оценка влияния соматических мутаций на экспрессию генов в раковых 

клеточных линиях NCI-60. Результаты исследования показали, что дифференциальная эксп-

рессия генов только частично зависит от наличия мутаций, что в свою очередь указывает на 

необходимость исследования эпигенетических механизмов регуляции экспрессии и инте-

грации мульти-омных данных в контексте системной биологии опухолей.  

 

Клеточная линия NCI-60 – экспрессия генов – соматическиe мутации 

 

 

Cancer cell lines are important tools for study mechanisms of cancer development 

and drug discovery [3]. The NCI-60 cancer cell lines set which includes leukemias, 

lymphomas, and carcinomas of ovarian, renal, breast, prostate, colon, lung, and CNS 

origin, is probably one of the most comprehensively studied and widely used collection 

[13]. Those cell lines have fully characterized in terms of somatic mutation typing, 

genome-wide gene expression, methylation and histone modification profiles [12]. 

However, in the most cases these data have been analyzed separately [2, 8, 11], which 

limits the integration of available data into single systems biology context and 

assessment of the role of genetic and epigenetic alterations on gene expression and path- 
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way activity deregulations in cancers. In this study we attempted to integrate the somatic 

mutation and gene expression profiles in cancer cell lines and evaluate the co-existence 

of differentially expressed genes enriched with somatic mutations. 
Materials and methods. NCI-60 gene expression data was downloaded from Gene 

Expression Omnibus public repository [1]. Somatic mutation data was obtained from Cell lines 

project of Catalog of somatic Mutations in Cancer (COSMIC) database [4]. Clusters of 

differentially expressed genes were identified and functionally annotated using oposSOM package 

[10]. The enrichment with somatic mutations was presented as total number of mutations in the 

cluster. The significance of the enrichment was calculated using bootstrapping. Enrichment p 

values < 0.05 were considered as significant.  

Results and Discussion. Self organizing map (SOM) algorithm implemented in 

oposSOM package reduces the gene expression landscape onto two-dimensional grids 

(maps), where similar gene expression profiles are combined into mini-clusters called 

metagenes. Each cell line is represented by a single, “personal” SOM portrait. In each 

portrait, metagenes are into up- and down- regulated clusters called spots (fig.1), 

populated by co-expressed genes.  

 
 

Fig. 1. Gene expression portraits and somatic mutation distribution in NCI-60 cell lines. 

Each cell line is characterized by its SOM portrait visualizing the gene expression levels. Red and 

blue spot-like areas contain highly co-regulated gene mini-clusters. Black background with dots 

represent mutation distribution equivalent to gene expression portraits. BR – breast cancer, CNS – 

central nervous system, CO – colorectal cancer, ME – melanoma, LE – leukemia, LC – lung 

cancer, OV – ovarian cancer, PR – prostate cancer, RE – renal cancer. 
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The results show that gene expression portraits in some cases show considerable 

similarities between cell lines one tissue groups (CNS, CO, PR, and RE), while in other 

tissue groups show differentially distributed gene expression spots  (BR, ME, LE, LC, 

OV). To have more global look on differentially genes we integrated spots from all 

individual cell line portraits and thus it provides an overview of all relevant regions 

becoming activated in the data set (fig. 2).   

 

 
 

Fig. 2. Global summary map of gene expression in cancer cell lines and top  

functional category associated with spot genes. 
 

 

In total 132 up-regulated and 109 down-regulated spots were detected in cell 

cancer lines. Next, we mapped somatic mutation counts into the SOM portraits to 

evaluate whether some clear pattern of mutation-expression dependence in cell-lines 

(fig.1). The results suggest that the somatic mutations are almost evenly distributed 

among the entire expression landscape, making it hard to distinguish mutation enriched 

spots. The somatic mutation enrichment analysis revealed that in all cancer cells contain 

mutation enriched spots as well as non-enriched spots (fig. 3). 

Finally we evaluated if spots are enriched with cancer driver mutations. From 53 

studied cell lines 16 had up- and down-regulated spots enriched with cancer driver 

mutations.  

We have analyzed gene expression profiles and somatic mutations in NCI-60 

cancer cell lines. Our data suggest that the gene expression profiles in cancer cell lines 

demonstrate considerable difference even from the same tissue origin, which is 

consistent with previous studies [9]. Moreover, cell lines of different tissue origin show 

different expression levels in respect to cancer hallmarks. Furthermore,   it seems that in 

the most cases somatic mutations may affect the protein-protein interactions, signal 

activity in pathways, but not the gene expression levels [5]. 
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Fig. 3. Distribution of mutation enriched spots across cancer cell lines 

 

Moreover, the recent data suggest that the alterations in epigenetic mechanisms 

(methylation and chromatin modifications), chromosome rearrangements play a leading 

role in regulation of gene expression in cancers [6,7]. Thus it is important to evaluate the 

pathological events in cancers by integration of multi-omics data derived from several 

sources, such as gene expression, DNA methylation and genomic data, into a single 

analytical framework for simultaneous assessment of their overall impact. 
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