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Identification of cancer sex-disparity in the functional integrity of p53 and its X
chromosome network



Supplementary Table 1: Application of the laws of probability to infer the rate of male
and female 7P53 mutation frequency in cancers in the general population: STAD the
most common male cancer as an example

Notation. Let pr(4|B) denote the probability or relative frequency of the event 4, within some
well defined population, given an event or condition B. Here the vertical bar | is read as
“given”. For example, if u denotes the event that a person in a population has a pathogenic
TP53 mutation, and M denotes the event that a person is male, then pr(u|M) is the probability
that a male person in that population has a pathogenic 7P53 mutation (where 80% of 7P53
mutations are predicted to be pathogenic'). In general this will depend on the age and other
characteristics of members of the population, but as what follows is simply an illustrative
analysis, we will only consider the sex of the person. Let F denote the event that a person is
female, C that a person has a cancer of one of the kind under discussion, and #C that a person
does not have a cancer of the kind under discussion.

Our interest lies in comparing pr(u|M) with pr(u|F), in the knowledge that there is no
information on the population frequencies of pathogenic mutations of 7P53, outside the
context of cancer. One further piece of notation is the ampersand &, simply read as “and”.
For example, pr(u|M&C) is the probability that a male with cancer has a pathogenic mutation
in TP53: “|M&C” being read “given the person is male and has a cancer.

We will now start with certain established facts, and draw some tentative conclusions using
STAD as an example.

Fact 1. TCGA data shows that for STAD*: pru|M&C) = pr(u|F&C) = 0.5.
Fact 2. SEER data** shows that: pr(C|M) = 2 xpr(C|F) = 0.00010.

We will now use these facts, the laws of probability and a plausible assumption to infer that
pr(ulM) > pr(u|F), perhaps even that pr(u|M) = 2xpr(u|F).

Derivation. A male or female with a pathogenic 7P53 mutation either has a cancer or the type
under discussion, or they do not. These events are mutually exclusive, and so the probabilities
add:

(1) pr(u|M)=pr(u&C|M)+pru&nC|M),
(2) pr(u|F)=pr(u&ClF)+pr(u&nClF).

Next we use one of the basic laws of probability, here stating that pr(u&C|M) =
pr(CIM) xpr(u|C&M), and similarly for the other 3 terms. In other words,

(3) pr(u|M)= pr(C|M) *pr(u|C&M) + pr(nC|M) *pr(ulnC&M),
(4) pr(u|F)= pr(C|F) xpr(u| C&F) + pr(nC|F) *pr(u|nC&FE).

We can now make use of Facts 1 and 2, substituting which gives

(5) pr(u|M)= 0.00010%0.4964 + (1-0.00010) X pr(u|nC&M),
(6) pr(u|F)= 0.00005%0.4713 + (1-0.00005) xpr(u|nC&F).



We now examine what is not known in these last two equations: pr(u|nC&M), and the
corresponding quantity for females pr(u|nC&F). These are the relative frequencies of
pathogenic mutations among people, either male or female, without cancer.

Plausible assumption: pr(u|lnC&M) and pr(u|nC&F) are both quite small in comparison with
the frequencies of cancer in males and females.

This is almost a consequence of the definition of a pathogenic mutation.
Conclusion: Given Facts 1 and 2, and the Plausible Assumption, and rounding a little

pr(ulM) = 0.00010 0.4964 = 0.000050,
pr(u|F) = 0.00005%0.4713 = 0.000025.

This predicts that in the general population, the incidence of pathogenic TP53 mutations in

male STAD, the most common non-reproductive cancer in males is ~two times as frequent as
in female STAD.

Similarly, the probability for 10 additional non-reproductive cancers have been calculated
and the TP53 mutation incidence in the general population is predicted to be higher in
cancers of males, compared with females for all the 11 cancers of the ‘disparity-set’ (Table
2).

Key:

* From Table 1. Broad Institute source of TCGA STAD data
Females: 74 mutant TP53/157 cancers (47.13%)
Males: 139 mutant TP53/280 cancers (49.64%)

** From SEER data
Females: 5.3 STAD cases/100,000 General Population (0.00005)
Males: 10.1 STAD cases/100,000 General Population (0.00010)
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Supplementary Figure 1. pS3-STRING set and functional linkages. (a) X-linked genes that link
to p53 in the STRING database as defined using the parameters of: Textmining; Experiments; Co-



expression ; Genefusion, Co-occurrence and a confidence of >0.3. (b) GO Analysis of the 90 genes
of the p53-STRING set, analysed with the inclusion of 7P53. (c) Achilles Project data of relative
proliferation for 135 cell lines subjected to HUWE]1 siRNA and stratified for 7P53 status.
Statistical significance was analysed by a t-Test; p-value=0.05.
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Supplementary Figure 2. Frequency of X chromosome mutation was greater in females
with corresponding less RMAF than males, for the 12 disparity cancers. Plotted for each
cancer individually according to patient sex are (a) the number of exome mutations per
patient for all the X chromosome genes; (b) the number of exome mutations per patient for



the p53-STRING set of genes specifically; and (¢) RMAF. Females are indicated in pink and
males in blue.
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Supplementary Figure 3. GO analysis of X-linked Non-Expressed Mutations (NEMs) for
all Female disparity cancers. (a) GO analysis of the pathways enriched for the genes with
comprising the 268 significant NEMs, as a VENN diagram; and listing of enriched pathways
and gene identities. (b) GO analysis of the 50 significant p5S3-STRING gene set as a VENN
diagram; and listing of enriched pathways and gene identities
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Supplementary Figure 4. GO analysis of X-linked Genes with Expressed Mutations
(EMs) for all disparity cancers. (a) GO analysis of the pathways enriched for the genes
containing the 299 EMs in female cancers, as a VENN diagram; and listing of enriched

pathways and gene identities. (b) GO analysis of the 341 genes with EMs in the p53-STRING
gene set as a VENN diagram; and listing of enriched pathways and gene identities.
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Supplementary Figure 5. Expression of 13 pS3-STRING genes was greater in normal
females than males as identified in blood-derived lymphoblastoid cell lines of the 1000
genomes project. Differential expression (DE) analysis of all expressed X-linked genes
identified multiple p53-STRING genes to be significantly more expressed in healthy females
than males (adjusted p-value <0.05).
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DNA WXS Mutation List
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Supplementary Figure 6. Flow chart outlining the method for quantifying RNA
Mutation Allele Frequency (RMAF). Mutations identified in the DNA Whole Exome
Sequence (WXS) are quantitated in the mRNA. The level of expression dictates their
classification as Expressed Mutations (EMs: RMAF > 0.75) or Silent Mutations (SMs:
RMAF<0.2).
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DNA WXS Mutation List

Chrm Pos Ref Alt
1 123456 A C
7 345678 T A
3 456789 C A
X 567890 G T

Pos
| M |
| M |
| |
| |

| M |
| M | RMAF — RMAC
~ RTAC

RMAF: RNA Mutated Allele Frequency
RMAC: RNA Mutated Allele Count
RTAC: RNA Total Allele Count

Chrm Pos Ref Alt RMAF
1 123456 A C 0.5
7 345678 T A 0.8
3 456789 C T 1.0
X 567890 G T 0.0

Supplementary Figure 7. RNA Mutated Allele Frequency (RMAF) is calculated from
RNA Mutated Allele Frequency (RMAC) divided by RNA Total Allele Count (RTAC).
Specific mutations in the DNA are quantitated in the RNA-seq data to determine the
incidence of their frequency in mRNA. Four examples are given for four mucleotide positions
on four different chromosomes, where the following abbreviations are used: Chrm
(Chromosome), Pos (Position in the DNA), Ref (Reference sequence), Alt (Alternative
sequence), M (mutated nucleotide).

Supplementary References
1. Olivier, M., Hollstein, M. & Hainaut, P. TP53 mutations in human cancers: origins,
consequences, and clinical use. Cold Spring Harb Perspect Biol 2, a001008,
doi:10.1101/cshperspect.a001008 (2010). 13



