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The cancer genome is characterized by large-scale structural changes of chromosomes,
called chromosome aberrations. Chromosome aberrations occur as exchanges between dif-
ferent chromosomes (this is the case of the exchange between chromosomes 9 and 22 that
characterizes chronic myeloid leukemia) and as changes in the number of copies of any ge-
nomic region (as it is the case for the copy number gain of the long arm of chromosome 17
–i.e. 17q– in certain breast cancer patients). Identification of these aberrations is important
and challenging. It is important because they commonly house cancer-driving genes; it is
challenging because of the variability observed across patients. In this talk, I will illustrate
how algebraic statistics and algebraic topology can be used to detect chromosome exchanges
and copy number changes respectively.

A key step in the formation of exchange type chromosome aberrations is the breakage
of chromosomes that are in close spatial proximity. To test for the statistical significance
of spatial proximity of chromosomes, we build log-linear models and perform maximum
likelihood estimation on tables whose entries are given by the frequency of chromosome ex-
changes. When the entries in these tables are large, traditional statistical methods can be
used. However, since small entries are present, algebraic methods are called for. In partic-
ular, we use Markov bases to generate null distributions of tables. We tested this method
on a set of tables of radiation induced chromosome aberrations on human lymphocyte and
found significance of chromosomes {1, 22} and {13, 14}. Both pairs of chromosomes had
been previously reported to be in close proximity.

To identify chromosome copy number changes in a population of patients, we use methods
from persistence homology that associate a set of Vietoris-Rips simplicial complexes to each
patient profile. We use the rank of the zero homology group (β0) of the complexes to detect
localized copy number changes, and the rank of the zero homology group (β1) to analyze the
finer structure of the aberrations that spread over entire chromosome arms. We applied this
method to identify copy number changes specific to the four different breast cancer molecular
subtypes (Luminal A, Luminal B, Basal-like and ERBB2 amplified). When using β0, we
obtained many of the aberrations previously reported, and identified three new aberrations
in the basal-like subtype: 1p, 2p and 14q. Using β1, we identified three regions within
the arm 17q that are simultaneously gained in multiple ERBB2 amplified patients (17q12,
17q21.2 and 17q21.33). This frequent presence of these aberrations suggests a role in tumor
development.
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