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It has been widely hypothesized that, similar to epithelial tis-
sues, tumors are hierarchically organized; only a small num-
ber of stem-like cells referred to as cancer stem cells (CSCs) 
have replicative immortality and is therefore able to maintain 
and provide tumor growth. However, during tumor progression 
additional mutations may enable all tumor cells to acquire rep-
licative immortality, leading to loss of hierarchical growth. Until 
recently, evidence for the presence of growth hierarchy in pri-
mary tumors came from transplantation assays, in which the 
capacity of specific tumor cell subpopulations to reform a tumor 
identical to the parental tumor is studied upon transplantation 
into immunodeficient mice. Although these studies clearly dem-
onstrate the clonogenic capacity of specific cancer cells under 
transplantation conditions, it has been widely disputed whether 
these assays accurately reflect cell behavior required for growth 
of an unperturbed tumor. In my seminar, I will discuss how we 
have developed intravital imaging tools to visualize and lineage 
trace individual tumor cells in unperturbed tumors in living mice. 
We have intravitally lineage traced the growth of adenomas and 
carcinomas, and the presence of growth hierarchy both at early 
and late stages of tumor progression. Interestingly, we also 
observed that cells can gain or lose stemness capacity. This 
process which we referred to as stem cell plasticity could in-
clude non-CSCs that temporarily adapt stemness properties, or 
quiescent CSCs that “wake up” or “active” CSCs that become 
quiescent. From this we conclude that, in the models that we 
have investigated, only a small fraction of all tumor cells have 
the capacity to provide tumor growth, and that these cells show 
high plasticity.
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The hallmarks of cancer constitute an organizing concept that 
may provide a rational basis for distilling the diversity and com-
plexity of human cancers so as to better understand mecha-
nisms of the disease and its manifestations (Hanahan and 
Weinberg, 2011). The conceptualization involves eight acquired 
capabilities – the hallmarks of cancer - and two generic char-
acteristics of neoplastic disease that facilitate their acquisition 
during the multistage process of neoplastic development and 
malignant progression. The distinctive and quasi-independent 
hallmark capabilities consist of sustaining proliferative signaling, 
evading growth suppressors, resisting cell death, enabling rep-
licative immortality, inducing angiogenesis, activating invasion 
and metastasis, deregulating cellular energetics and metabo-
lism, and avoiding immune destruction. The principal facilitators 
of their acquisition are genome instability with consequent gene 
mutation, and tumor-promoting immune inflammation. The in-
tegration of these hallmark capabilities in symptomatic disease 
involves multiple cell types populating the tumor microenviron-
ment, including heterogeneous populations of cancer cells, in 
particular cancer stem cells, and three prominent classes of 
stromal support cells – angiogenic vascular cells, cancer asso-
ciated fibroblasts, and infiltrating immune cells. Notably, these 
stromal cells populating the tumor microenvironment have the 
demonstrated capacity to contribute to seven of the eight hall-
mark capabilities (Hanahan and Coussens, 2012). Thus, while 
the functional contributions of stromal cells and their pathologic 
importance will likely vary between different cancers and indeed 
at different stages of tumorigenesis and tumor progression, the 
evidence is clear that a sole focus on the transformed cancer 
cell (and its genome) cannot fully inform us about mechanism 
of the disease. One premise, to be discussed in this keynote 
lecture, is that the hallmarks of cancer may prove to be a useful 
heuristic tool for designing innovative new mechanism-guided 
(hallmark-targeting) therapeutic approaches for cancer treat-
ment. A second premise to be considered in depth throughout 
this conference, is that the ability to image the hallmarks of can-
cer will likely prove to be instrumental in assessing the promi-
nence of particular hallmarks in different types and subtypes of 
human cancer, and to monitor hallmark changes in response 
to therapy, to reveal both efficacy and direct/indirect forms of 
adaptive resistance.
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