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As a major component of differential response to therapy, tumor
heterogeneity has attracted significant clinical attention. It adds
contextual attributes to the emerging so-called personalized therapy,
and can retrospectively illuminate on the fundamental concepts in
cancer biology like origin and horizontal evolution of cancer. Tumor
heterogeneity manifests at several levels; Inter-tumoral heterogeneity
refers to variabilities between similar histological tumor subtypes in
different patients, same tumors at different stages of cancer progression
(temporal variation) or separate masses or macrometastases of
same tumor type at different locations (spatial variation). Epithelial
carcinoma of the ovaries has served as a classic example for inter-
tumoral heterogeneity with at least 5 distinct histological subtypes, all
with different developmental origins, chemotherapy response profiles,
and growth dynamics [1]. Genetic heterogeneity between tumor
subtypes have been studied for few decades but advances in genomics
and sequencing have added more detailed functional aspects to both
driver and passenger mutations occurring in individual tumors. With
respect to ovarian epithelial carcinoma, high-through-put sequencing
has revealed several levels of genetic and epigenetic inter-tumoral
heterogeneity translating into discordant clinical behaviors [2-5].
Evidence support a self-perpetuating nature in genetic heterogeneity
of tumors that complicate clinical outcomes and ultimately result
in poor prognosis. At the level of individual tumors, there is as well
evidence for spatial and temporal intra-tumoral heterogeneity
reflecting heterogeneous cellular compartments. Intra-tumoral
heterogeneity can manifest at multiple functional levels including
morphological variations or changes to intracellular processes.
Phenotypic heterogeneity in tumors was described in early years of
cancer biology with more in depth revisits in recent years defining
functional phenotypes along the epithelial and mesenchymal axes.
Epithelial mesenchymal transition (EMT) is a central process during
embryogenesis defined as plastic changes between epithelial and
mesenchymal morphologies with downstream outcomes such as
cellular motility and potency. In tumors, EMT has received its first
recognistion as a core process during metastasis [6]. Later studies have
however defined a more fundamental role for EMT in the so-called
cancer stem cell or tumor initiating compartment within the tumors
that are essentially the cellular drivers of tumor mass [7-10]. We have
been using human epithelial carcinoma as a model system to dissect
functional pathways underlying cellular heterogeneity within tumors.
We have observed distinct epithelial and mesenchymal compartments
in a variety of epithelial carcinoma cell lines including COLO316
epithelial ovarian carcinoma cells (Figure 1). Our findings as well
suggest discrete migration profiles and growth dynamics for each
subgroup, with a large degree of morphological plasticity. Our findings
so far, suggest for cells with epithelial morphologies to retain higher
growth dynamics but less migration capacity with reverse phenotypes
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observed for mesenchymal cells (data not shown). Cells within
individual tumors can as well demonstrate asynchronous cell cycle
profiles not only at the level of cell cycle entry time but in the overall
length of the cell cycle and individual phases [11]. In pluripotent stem
cells, cell cycle events and cell fate decisions are tightly orchestrated,
resulting in distinct cycle phase-associated differentiation outcomes,
and differential levels of response to microenvironmental stimuli
[12]. Our analysis of cell cycle on bulk cultures of COLO316, using a
double RNA and DNA staining method described before [13] showed
a heterogeneous distribution pattern of cells between four discrete
phases (GO, G1, S and G2/M) with a large fraction of the cells (>16%) in
the quiescent or GO phase of the cell cycle. We have as well observed a
high level of Carboplatin resistance/evasion in these cells in alignment
with the high number of quiescent cells which support the notion that
the quiescent cellular compartment might act at the core of chemo-
evasion/-resistance. Functional heterogeneity within a tumor can
result from spatial topography of the tumor mass and the geographical
coordinates of cellular compartments. As the tumor grows, distance
from blood vessels creates a spectrum of accessible oxygen, causing
different levels of hypoxia for individual cells/clones within a tumor.
This phenomenon can result in spatially distinct metabolic signatures as
demonstrated during the progression of breast cancer [14]. Metabolic
heterogeneity, can also shape downstream of spatial nutrient/metabolite
compartments in the tumor microenvironment as observed in human
non-small cell lung cancer [15]. Our own findings using COLO316
ovarian epithelial carcinoma cell lines as well suggest a large degree of
metabolic heterogeneity, evidenced by different uptakes of Mitotracker
Green FM as a read-out for metabolic activity (Figure 1C). Given
the functional role of metabolic profiles during tumorigenesis, this
observation suggests possible downstream oncogenic heterogeneity as
a direct outcome of differential metabolic signatures.

Tumor heterogeneity is increasingly evident in genetic and cellular
landscapes. Although the possible causative relationship between these
is yet to be delineated, its complexity implies that tumors should be
viewed as constantly evolving dynamic entities with temporal variability
in sub-clone compositions. In fact, as tumors grow, continuous change
in the tumor microenvironment resulting from changes in the tumor or
stromal cellular context, the local secretomes and/or circulating factors,
build a selective pressure that greatly contributes to tumor evolution.
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Figure 1. Different levels of cellular heterogeneity in human epithelial ovarian carcinoma cells. (A) Phenotypic heterogeneity in COLO316 cells. Note discrete mesenchymal and epithelial
morphologies in the bulk cultures. (B) Cell cycle asynchrony in COLO316 cells. PyroninY levels depict bulk RNA synthesis as a read-out for metabolic activity. 7JAAD stains for DNA
to differentiate between 2N and 4N DNA content. (C) Metabolic heterogeneity in COLO316 cells. Mitotracker Green FM stains the mitochondria as a read-out for metabolic activity. (D)
Tllustration of cellular heterogeneity as a multifactorial event.

Learning about this process will favor better targeted therapy and more
promising clinical outcomes.
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