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The Boron neutron capture therapy (BNCT)
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bases its therapeutic
action on the selective
ability to induce DNA
damage of tumor cells
with the aim to cause
their death by apoptosis
Or NECrosis.

Cancer Cells

Breakdown of boron
compound, generation
radiation, Leading to lysis
of cancer cell

Healthy cell preserve

post BNCT b/

o
“hﬁ 'YGamma
lllllll "'- M;«ﬂ e EEEEEEEEEENEREENES ..Rém-at?ﬁ
e
-

-]
'.;o’ Lithium



Genetic variability

¢
...from generation to
Originated from spontaneous generation distributes

DNA mutations..... phenotipic diversity in a
population




Genetic variability

* Is an evolutionary long-time mechanism for the
species improvement;




Genetic variability

* As short-time consequence, 1t’s responsible for
individual susceptibility:

* different subjects have different reacting behaviours towards the same
environment;

* in the same population is very rare to find two subjects which could react
with the same behaviour towards a same environmental insult.




Genetic variability

It’s spread 1n a population by genetic
polymorphisms:

e Mutations which are present in a population with a frequency
greater than 1%.

*They can be originated either by point mutations of DNA sequence
(RFLP) or by a variable number of short sequence repeats (VNTR).

*Depending on DNA site they occur, are able to modify gene
expression or gene product.

*Finally they modify a determined phenotypic characteristic of a
subject.

*For example, the different tolerance to insults and reparative
ability of DNA damage induced by physical and chemical agents




A similar more speedy micro-evolution occours in a tumor

A tumor cell, due to its intrinsic genomic instability, acquires the mutator
phenotype and may, during the cell duplications, generate, in the same individual,
neoplastic cells with different mutations which, by clonal selection and expansion,
may change some characteristics of the tumor, for example, the aggressiveness and

the over-capability to repair DNA breaks to withstand therapies DNA
damage-based, such as BNCT.

1 - R Repetitive selection for Selection for Clinically
DA damage Mutation pititation in mutator Genes ~mutants and mutators malignant phenotype:s detectable cancer |

Environmental

sources \

i
1
>
o
£
&




In particular....

An external insult, physical or
chemical, could break the genomic
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But Genetics ....

...... remembers us that every human cell, in
chromosomes, for each gene has two allelic
copies 1.e. two genes with the same function
but with some small difference 1n their
nucleotide sequence and 1n phenotipic
behavior.

For example: regarding an hypothetical gene
A, every human cell has allele “Big A” and
allele “small a”; together they make the three
possible genotype of a subject: AA, Aa, aa




Every genotype corresponds to a different capability to
positively respond to BNCT and to develop secondary tumors

» Strong DNA
repairer

His cancer cells needs an high-dose
BNCT to go in apoptosis or necrosis

His normal cells will be protect by
mutations BNCT-induced. No
secondary tumor will occur

His cancer cells needs a normal-dose
» Bland DNA BNCT to go in apoptosis or necrosis

repairer His normal cells will be in risk to have
mutations BNCT-induced and to go in
neoplastic trasformation

His cancer cells needs an
intermediate-dose BNCT to go in
apoptosis or necrosis

His normal cells will be in low risk to
have mutations BNCT-induced and rarely
go 1n neoplastic trasformation

» Intermediate
DNA repairer




It follows that we must also take account of genetic /
genomic parameters of every patient in order to give
greater success to BNCT

It would be desirable to act
on more than one front:



1- Improve boric carriers to give less systemic toxicity
(Imperio et al., 2017)
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(Imperio et al., 2017)

T

Best sugar used in boric carriers
to give less systemic toxicity
(data in vitro)



2 — Obtain greater specificity for a mirate delivery of
Boron compounds
(Wang et al., 2017)
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Fe,O, nanoparticle-coated boron nitride nanospheres. ...

BNNS/Fe(NO,),
in ethanol BNNS/Fe,0,

ethanol-thermal

reaction

&
50 = o

(Wang et al., 2017)




.... able to be manipulated under a magnetic field

(Wang et al., 2017)

This nanocomposites, uniformly dispersed in an ethanol solution,
present a dark brown color.

When a magnet was placed to the side wall of the solution for several
minutes, all the Fe,O,@BNNS moves to the sidewall of the bottle.



3 - Avoid that even a few genomic insult can trigger
oncogenic mutations in normal cells, especially in subjects
with a risk-genotype(s).
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Fig. 7. Cell viability data of the nanocomposities by MTT assay (a) on MCF-7 cell line for 24 h; (b) on MCF-10 cell line for 24 h; (¢) on Hela cell line for 24 h.

(Wang et al., 2017)




4 - Associate genetic studies to determine the preventive

patient genotype for some key-genes for an evaluation of
the risk / benefit of BNCT cycles

By genotyping every patient for the so called “genome
guardians genes” as TP53, BRCA, P16, ...

* A patient with a constitutionally heterozygous genotype for some of these key-genes
responds to a BNCT curative effects_but has certainly some risk to have greater

genomic instability, BNCT-induced, in normal cells and to generate other secondary
tumors.

* By remembering of microevolution capability of a tumor, it would also be necessary,
when logistically possible, to have serial data from tumor biopsies taken with
cyclical time, to detect the genetic / genomic evolution of the tumor.




DNA Ligase IV: a novel interesting key-gene, BNCT-related
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These studies open hopeful scenarios in terms of efficacy of
BNCT for cancer cells
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Fig. 1 Cell survival curves for Lig4—/—p53—/— cells (Lig4 defi- beam (thermal, epithermal and fast neutron) and y-ray irradiation:
cient: open circles) and Lig4+/4+p53—/— (closed circles). a y-ray plot of irradiation time (min) against surviving cell fraction in the
irradiation: plot of radiation dose (Gy) against surviving cell fraction. presence of 10 ppm BPA (closed triangles, Lig4+/+p53—/—: open
b Neutron beam (thermal, epithermal and fast neutron) irradiation: triangles, Lig4—/—p53—/— cells) or in the absence of BPA (closed
plot of radiation dose (Gy) against surviving cell fraction. ¢ Neutron circles, Lig4+/4+p53—/—: open circles, Ligd—/—p53—/— cells)

(Kondo et al., 2016)

Recent 1n vitro studies show that deficient cells for DNA ligase IV gene,
with a -/- LIG4 genotype, are much more sensitive to the effects of BNCT
of other proficient cells with +/+ or +/- LIG4 genotypes.




Presence of mutated L/G4 1n
oncologically healthy persons
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Fig. 1 Diagram of the pedigree
and annotation of LIG4
genotypes. Two compound

heterozygous L/G4 mutations are
found in the index patient and two
of her siblings. The mutation
c.1345 A> C (K449Q) was found
on one allele in the father, and

¢.2440C > T (R814X) in the
mother. Both mutations were
inherited by siblings P1, P2, and

P3. 1113 is heterozygous for the +e. H-ﬁ A>C | +e. 2440( >T

¢.2440C > T mutation. The

symbol “+” denotes the wild type
allele
¢.1345A>C/ ++ +/¢.2440C>T ¢.1345A>C/ ¢.1345A>C/
¢.2440C>T ¢.2440C>T ¢.2440C>T
1 2 3 4 5
Index Case

(Felgentreff et al., 2016)

Allarmingly, this study:
*says us that may exist apparently healthy subjects, carriers of mutated L/G4 but
totally asymptomatic for cancer or related syndromes,

* raises the possibility that cycles of BNCT in these subjects can expose them
to develop secondary tumors in tissue districts unrelated to the primary tumor.
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In conclusion:

Today it 1s necessary to apply the principles of
Pharmacogenetics and Pharmacogenomics to the
BNCT. In particular:

*Associate genetic studies to determine the
patient genotypes for the so called “genome
guardians”;

*Associate a constitutional genotyping for LIG4
gene.



Thanks to the massive DNA
sequencing techniques, with the
help of genetics and genomics,

tomorrow it will be possible
personalize a BNCT treatment to
maximize its curative effect.




Thanks to lab and collaborators

Ilenia Cruciata
Chiara La Rosa
Flores Naselli

Claudio Luparello

—
Wb §
‘




