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Lethal cancers have genomes that
can reflect a jigsaw puzzle put
together in a hurricane. The miss-
ing, misjoined, and extra pieces
contribute to the driving forces
behind the cancer phenotypes.
But is this the only reason genomic
instability is so prevalent in
aggressive cancers? New findings
support that the hurricane winds
themselves, not just their after-
math, contribute to the cancer
phenotype of metastasis.

The genomic scars of chromosomal
instability are a hallmark of lethal cancers.
Genomic and chromosomal instability are
traditionally thought to enable cancer
phenotypes through resultant changes
in the DNA copy number levels of critical
genes. Gain of strong oncogenes and
loss of tumor suppressor genes are well
understood examples, and more recently
work has focused on more subtle, cumu-
lative effects of changes in hundreds to
thousands of genes along the genome or
across functional pathways [1,2].

The potential relevance of genomic
instability cannot be ignored. For exam-
ple, in ovarian cancer the vast majority of
cases are aggressive and have a high
degree of aneuploidy [2]. Prostate can-
cer, by contrast, varies widely from indo-
lent to lethal forms. In concordance,
organ-confined prostate tumor cells
are generally close to diploid while met-
astatic and therapy/castration-resistant
prostate cancers (CRPCs) typically have
high aneuploidy. Furthermore, in pros-
tate cancer aneuploidy predicts

outcome better than transcriptome sig-
natures alone [3].

Despite its link to aggressiveness, there
remains an incomplete understanding of
how chromosomal instability contributes
to cancer phenotypes. The inherent com-
plexity of chromosomal instability and the
reoptimization of the genome via selection
for fitness advantages makes assessing
the piecewise contributions of DNA copy
number alterations (CNAs) challenging. In
part due to this complexity, the role of
chromosomal instability in tumorigenesis
remains a chicken-and-egg-type conun-
drum,with itbeingdifficult toprovewhether
chromosomal instability enables aggres-
sive cancer phenotypes or whether
aggressive cancer phenotypes result in
cells with chromosomal instability [4].

Furthermore, once CNAs are established,
is there any advantage to a cancer cell
continuing to make chromosomal segre-
gation and other types of DNA replication
or maintenance errors? Chromosomal
replication errors are likely to allow cancer
cells to continue to sample the genomic
landscape to provide fitness gains to
selection barriers during subsequent
tumorigenesis and to acquire resistance
in response to therapies [5]. Also, experi-
ments have revealed molecular details of
how a cancer cell optimizes the rate of
chromosomal instability [6]. Optimization
is needed because excessive instability
can be detrimental to the cancer cell [6].

Within this complexity it remains possible
that optimally titered levels of chromo-
somal instability increase the fitness of
cancer cells through mechanisms that
are not related to resultant DNA copy
number changes. For example, a cell
responding to the stresses of chromo-
somal instability and the associated
DNA damage and repair may be more
primed to deal with other stresses. A
recent report from Bakhoum, Ngo et al.
[7] provides a striking example of how

non-CNA based aspects of chromosomal
instability enable the cancer phenotype of
metastasis. Through a series of experi-
ments founded on genetic approaches
to alter the rate of chromosomal instabil-
ity, the authors demonstrate that the
activity of and errors associated with
chromosomal instability (rate), as
opposed to the genomic consequences
of instability (state), contribute to the met-
astatic phenotype of cancer cells.

The investigators developed a system to
alter the rate of chromosome missegre-
gation by altering the activities of micro-
tubule depolymerizing proteins involved in
chromosome segregation. When these
cells were used to generate tumors in
vivo, the lines with higher chromosomal
missegregation demonstrated an
increased propensity for metastasis. To
delineate the underlying mechanism,
RNA-seq-based molecular profiling
results pointed to a role for genes related
to inflammation in the cells with higher
chromosomal instability. These gene pro-
grams were reminiscent of those upregu-
lated during viral infection due to viral DNA
in the cytoplasm. This led to the hypothe-
sis and experimental confirmation that
chromosomal missegregation was result-
ing in cellular genomic DNA in the cell’s
cytoplasm. The authors then leveraged
existing knowledge and a series of experi-
ments to support a model in which lag-
ging chromosomes from missegregation
result in the formation of micronuclei that
are prone to burst, thus releasing DNA
into the cytoplasm.

The finding of errant cytoplasmic DNA
brought into focus the expanding appreci-
ation of the cGMP–AMPsynthase (cGAS)–
stimulator of interferon genes (STING)
pathway. Studied for only 5 years, the
cGAS cytosolic DNA-sensing pathway is
motivating new understanding and thera-
peutic approaches across a range of dis-
eases [8]. This includes a wealth of reports
on genomic instability or DNA damage
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leading to cytoplasmic DNA and cGAS–
STING inflammation signaling (reviewed
in [9]). The Bakhoum, Ngo et al. paper
expands this advance in the field by pro-
viding evidence that the cytoplasmic DNA
from chromosomal instability enhances
tumor aggressiveness by increasing
metastasis (Figure 1).

Activation of cGAS–STING signaling can
result in inflammation signals that lead to
growth suppression and senescence [9],
but in chromosomally unstable cells the
data are consistent with cells having a

relatively low or rebalanced level of down-
stream signaling – predominantly nonca-
nonical NF-kB signaling – that in sum is
mild enough to allow proliferation. Impor-
tantly, the authors were able to demon-
strate that the chromosomal instability-
associated increase in metastatic poten-
tial was dependent on STING and nonca-
nonical NF-kB signaling.

Ultimately, the authors hypothesize that
the pathway from chromosomal segrega-
tion errors to increased metastasis repre-
sents cancer cells once again coopting a

normal physiology cellular function, this
time from the myeloid lineage (Box 1).
The increased motility of and invasion
by these cancer cells may mimic an
immune cell that has picked up and
sensed a pathogen in its cytoplasm and
is then activated to home to the lymphatic
system to participate in coordinating the
systemic immune response.

[79_TD$DIFF]This work provides a pioneering example
of genomic instability leading to an
aggressive cancer phenotype through a
mechanism that is independent of
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Figure 1. Enabling of the Metastatic Cancer Phenotype by Chromosomal Instability. Burst micronuclei from chromosomal missegregation result in
cytoplasmic DNA, activating the cGMP–AMP synthase (cGAS)–stimulator of interferon genes (STING) pathway and preferentially noncanonical NF-kB signaling (P52;
unbroken arrows) and inducing mobility programs that contribute to metastasis.
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changes in genomic DNA copy number
and aneuploidy and yields another poten-
tial example of tumor cells coopting pro-
grams from normal physiology. Thus, the
work reveals a new angle for investigating
why chromosomal instability is so fre-
quent in tumors and so deadly.

The aneuploidy state is solidly associated
with aggressive cancers and evidence
supports that these cancers can retain
the chromosomal instability activity that
leads to [80_TD$DIFF][69_TD$DIFF]their new genomes. Thus, identi-
fying the vulnerabilities of these cells
offers therapeutic opportunities that could
have less effect on normal, diploid cells,
thus providing a beneficial cancer-to-nor-
mal-cell therapeutic index. The work of
Bakhoum, Ngo et al. provides one of
the needed foundations to further ratio-
nally pursue these avenues. Such
approaches will complement current
efforts that, for example, target the aber-
rant mitosis of cancer cells [10].

1Department of Molecular and Medical Pharmacology,

University of California Los Angeles, Los Angeles, CA,

USA

*Correspondence: graeber@ucla.edu (T.G. Graeber).

https://doi.org/10.1016/j.trecan.2018.05.001

References
1. Davoli, T. et al. (2017) Tumor aneuploidy correlates with

markers of immune evasion and with reduced response to
immunotherapy. Science 355, eaaf8399

2. Graham, N.A. et al. (2017) Recurrent patterns of DNA copy
number alterations in tumors reflect metabolic selection
pressures. Mol. Syst. Biol. 13, 914

3. Lalonde, E. et al. (2014) Tumour genomic and microenvi-
ronmental heterogeneity for integrated prediction of 5-year
biochemical recurrence of prostate cancer: a retrospective
cohort study. Lancet Oncol. 15, 1521–1532

4. Pino, M.S. and Chung, D.C. (2010) The chromosomal
instability pathway in colon cancer. Gastroenterology
138, 2059–2072

5. Bakhoum, S.F. and Compton, D.A. (2012) Chromosomal
instability and cancer: a complex relationship with thera-
peutic potential. J. Clin. Invest. 122, 1138–1143

6. Burkard, M.E. and Weaver, B.A. (2017) Tuning chromo-
somal instability to optimize tumor fitness. Cancer Discov.
7, 134–136

7. Bakhoum, S.F. et al. (2018) Chromosomal instability drives
metastasis through a cytosolic DNA response.Nature 553,
467–472

8. He, S. et al. (2015) Potential therapeutic targets in the
process of nucleic acid recognition: opportunities and
challenges. Trends Pharmacol. Sci. 36, 51–64

9. de Oliveira Mann, C.C. and Kranzusch, P.J. (2017) cGAS
conducts micronuclei DNA surveillance. Trends Cell Biol.
27, 697–698

10. Dominguez-Brauer, C. et al. (2015) Targeting mitosis in
cancer: emerging strategies. Mol. Cell 60, 524–536

Forum
Mining Public
Databases for
Precision Oncology
Jason Roszik1,2,* and
Vivek Subbiah3,*

Millions of dollars have been spent
on creating public databases. To

date these data reside in isolated
‘silos [93_TD$DIFF][91_TD$DIFF]’. Real-world realization of
precision oncology, the right drug
for the right patient at the right
time, may be possible only if the
right data come to the right clinic at
the right time.

Mining Public Databases:
Unearthing the Gold Mines
Precision oncology implies that patients
receive personalized therapy based on
their molecular alterations. The clinical
availability of next-generation sequencing
technologies has opened new avenues
for therapy. However, with the rapid rise
in technologies we have a huge challenge
to surmount to be able to use these large
datasets for clinical translation. Onco-
genes that are overexpressed, mutated,
or altered in some other way are being
targeted by pharmaceuticals developed
specifically for a limited number of tumor
types. However, matching patients to
novel therapies is often a challenge, even
when mutation and gene or protein
expression data are available for the
patient. The main reason for this is that
it is often difficult to estimate the relevance
of genomic data for specific genomic
alterations that have only a limited
literature.

One solution is to potentially integrate and
leverage large public cancer databases
that may be used to identify whether
the tumor of the patient has an alteration
that might be exploited by certain thera-
pies. Using an integrated system of sev-
eral cancers with data from a large
number of patients, we might be able to
identify oncogenic drivers and drug indi-
cations for certain alterations that are very
rare in general. Although multiple next-
generation sequencing databases have
been created in the past years, their
use in precision oncology remains limited.
The Cancer Genome Atlas (TCGA)i [92_TD$DIFF] [1] is
currently the largest collection of

Box 1. Hypotheses for How Chromosomal Instability, Genomic Instability, Aneuploidy, and
Copy Number Alterations Lead to Aggressive Cancers

– altered genomic states related to resultant DNA copy number alterations

� strong oncogene amplifications

� strong tumor suppressor gene deletions

� more subtle and complex reoptimization of the genome
– altered phenotypes related to the rate of making genomic errors

� plasticity to evolve further, in response to stresses and treatments

� heightened stress state

[81_TD$DIFF]� e.g., elevated DNA repair mechanism

[82_TD$DIFF]� primed to respond to additional stresses

� altered interaction with the immune system through, for example, effects on antigen presentation

� altered signaling leading to metastatic potential

[81_TD$DIFF]� triggered by errant cytoplasmic DNA

[82_TD$DIFF]� cGAS–STING and noncanonical NF-kB signaling

[69_TD$DIFF]� coopting myeloid cell mobility programs

Trends in Cancer, July 2018, Vol. 4, No. 7 463

mailto:graeber@ucla.edu
https://doi.org/10.1016/j.trecan.2018.05.001
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0005
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0005
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0005
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0010
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0010
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0010
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0015
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0015
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0015
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0015
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0020
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0020
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0020
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0025
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0025
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0025
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0030
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0030
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0030
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0035
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0035
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0035
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0040
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0040
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0040
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0045
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0045
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0045
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0050
http://refhub.elsevier.com/S2405-8033(18)30112-2/sbref0050

	Making Mistakes Empowers Cancer Cells
	Mining Public Databases for Precision Oncology
	Mining Public Databases: Unearthing the Gold Mines
	Garbage In-Garbage Out
	Concluding Remarks
	Resources
	References

	MicroRNAs Regulating MicroRNAs in Cancer
	The Function of MiRNAs
	MiRNA to MiRNA Regulation
	The Role of Transcription Factors and Regulators
	Concluding Remarks and Remaining Questions
	Acknowledgements
	Disclaimer Statement

	<?References

	The Value of Outbred Rodent Models in Cancer Research
	Acknowledgments
	Disclaimer Statement

	References


