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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

NruntdUwuppyty £ NCI-60 pwngybnwihu ppowjhtu gétpnud (wjuwéwyw) gtlubph tpuwnt-
uhwih W undwwhy JUninwghwUbph Ywwp: IGwnwagnniniejwu wpnnitupubpp gnyg Gu wndb, np
nhybnptughw| qtutph Epuwypbuhwl Jpwiu Jwuwdp BU wunghwgywd uncinwghwubph wnywjnt-
rjwdp, husp wnwe E pbpnud EwhgGUEnhywywl JGhuwuhquubph  nuncdUwuhpniejwu - wlhnw-
dtownnientp W dniywnhndpyuyh nuilbph  hunbgpnudp  pwngybnubph  hwdwywnpgwihu YGu-
uwpwunLRjwU nphpunty:

NCI-60 pwnglGnuyhl pgsuyhl qb66n - qUbph Fruwynpbuhw - undwwnply Untinwghwlbn

IIpoBeneHa olleHKa BIMSHUS COMAaTHUYECKUX MYyTallMid Ha DKCIPECCHIO F€HOB B PAKOBBIX
kierouHbIx JuHUAX NCI-60. Pe3ynbrars! nccineioBaHus mokasaiy, 4to AuddepeHnnanbHas SKCI-
peccus TeHOB TOJIBKO YaCTUYHO 3aBUCHUT OT HAJIM4Ms MyTallUii, YTO B CBOIO OYepe/lb yKa3bIBaeT Ha
HEOOXOZMMOCTh HCCIICIOBAHUS SIMICHETHUECKUX MEXaHM3MOB PETYJISIIUU SKCIPECCUU W HHTe-
rpalyy MyJIbTH-OMHbIX JAHHBIX B KOHTEKCTE CUCTEMHOM OHOJIOTUH OITyXOJIeH.

Knemounas nunus NCI-60 — axcnpeccus 2eHo8 — comamuyeckue mymayuu

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.
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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).
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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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