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Abstract

In this issue, Albibas et a/ investigate the mutational nature of p53 immunopositive patches (PIPs)
(Albibas 2017), ostensibly clonal proliferations commonly observed in sun-damaged skin
(Jonason et al 1996). PIPs have long been suspected as lineal precursors to actinic keratoses (AKSs)
and cutaneous squamous cell carcinoma (cSCC). But what mutations actually give rise to PIPs,
and how these relate to skin cancers, has never been experimentally defined. The considerable
clinical and economic costs of monitoring and treating sun damaged skin demand we better
understand the evolution of these common premalignancies.

Main text

This study, “Subclonal Evolution of Cancer-Related Gene Mutations in p53 Immunopositive
Patches in Human Skin”, builds on Doug Brash’s seminal description of PIPs in 1994, which
hypothesized that such populations result from a subset of 7253 mutations that stabilize the
protein. A harbinger of our modern understanding of human cancer(Jonason et al 1996),
these findings suggested for the first time that human cells readily acquire mutations /in vivo
and even undergo clonal expansion without easily converting to malignancy. The high
frequency of PIPs raised questions about whether only subpopulations of cell types with
specific epigenetic programming are susceptible to cancer progression, or whether sets of
mutations must occur in specific sequence to promote malignancy.

In 2015, Peter Campbell’s group biopsied and sequenced populations of sun exposed yet
normal appearing human eyelid skin, discovering high frequencies of numerous mutations
previously observed in cutaneous squamous cell carcinomas, including 7P53, NOTCH1, and
FAT1 (Martincorena et al 2015). Extending Brash’s work, this study established that 7P53
mutation is in no way unique in its ability to establish common, proliferating cell
populations without producing a malignancy. These clones appeared to be widespread,
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overlapping, and in chaotic competition with one other without creating clinically obvious
actinic keratoses or squamous cell cancers.

This conundrum — one might call it “abundant mutations but rare cancers” — is now known
to be a general feature of human tissues. Gastrointestinal adult human stem cells are
estimated to accumulate 40 novel mutations per year (Blokzijl et al 2016) and leukemia-
associated clonal gene mutations are pervasive in hematopoietic cells of healthy, elderly
adults (Xie et al 2014; Young et al 2016). To truly understand why mutations are so common
yet so often do not produce cancers, we must undertake the painstaking work of tracing
populations of cells as they acquire additional mutations. What mutations can be co-acquired
without the obvious enhanced proliferation of a premalignant lesion? Does acquisition of
specific groups of mutations lead to enhanced growth of clonal proliferations? What is the
long-term course and fate of cells containing multiple cancer-associated mutations that do
not progress to carcinoma?

Albibas et al approached this problem through detailed analyses of p53 immunopositive
patches (PIPs) of epidermis (Albibas et al 2017). It is estimated that 29-64% of PIPs contain
detectable p53 mutation (Robinson et al 2010). Utilizing PIPs as case-control samples
offered two key advantages. First, it enabled mutational analysis of subpopulations of cells
possibly arising from a 7P53 mutation, without extensive single-cell sequencing or
sequencing of many very small clones. Secondly, this approach allowed a glimpse of the
evolutionary forces within PIP clones, an important question given the known, high
frequency of these lesions and their potential for serving as precursors in AK/SCC
development (Rebel et al 2005).

Through targeted sequencing, the authors showed that PIPs have enhanced frequencies of
mutations in multiple skin cancer-related genes. Specifically, 13 of 18 profiled skin cancer-
related genes showed non-silent mutations unique to PIPs, which were absent in adjacent
p53 immunonegative skin. Most PIPs possessed mutations in at least 3 of the 18 genes. Of
the highly mutated genes recently discovered in normal sun-damaged skin, three showed
high mutational frequency in PIPs (VOTCHI1, NOTCHZ, and TP53), whereas only FATI
mutation was assessed but not reproduced in these data. This data supports the striking
notion that adding mutations in any of 13 diverse cSCC-related genes to p53
immunopositivity still fails to produce clinically appreciable dysplasia.

While p53 mutation is detected in 60% of PIPs, consistent with previous findings, all 7P53
mutations were subclonal. These findings raise the surprising possibility that, in many cases,
TP53 mutations may not themselves initiate PIPs, but are secondary events that make these
cells detectable through immunohistochemistry. This hypothesis is supported by the
detection of an additional 3 cancer-associated mutated genes in PIPs that were not enriched
in normal sun-damaged skin by Martincorena et a/and the discovery of clonal PIP mutations
in 4 non-p53 genes. For some of these genes, p53 stabilization may be required for them to
confer a selective growth advantage. Perhaps a specific sequence of mutations must occur to
support proliferating, dysplastic neoplasms, serving as a key bottleneck in those growths
capable of forming skin cancers (Durinck et al 2011).
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While unable to directly observe the transition of PIPs into AKs or SCCs, the authors
compared the mutational profiles of PIPs against those of AKs and SCCs, and the process of
AK/BD malignant transformation into SCCs. Actinic keratoses, Bowen’s disease, and
cSCCs possessed mutations in 16 of the 18 examined cancer-related genes. In accord with
the view that a minority of PIPs progress into AKs and SCCs, all 13 PIP mutated cancer-
associated genes were also mutated in AKs, BD, and cSCCs, with 8 identical mutations
shared between the two groups. In fact, profiling AKs or BD adjacent to SCCs revealed
shared mutations in 16 cancer-related genes between matched contiguous samples, with
instances of identical mutations in 11 of these genes. This is consistent with the view that
some AKs and Bowen’s disease beget SCCs.

These conclusions set the table for close examination of the junction between highly
mutated but clinically normal lesions and early actinic keratoses. Mutations distinguishing
these populations may not fully explain the genetic requirements of a squamous cell
carcinoma, but expand our knowledge of how a keratinocytic lesion grows sufficiently to
become clinically detectable. Given the vast burden of treating actinic keratoses in
dermatology, finding means to subvert this transition would reduce a central burden of
clinical practice.
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