What is the most important advance in dermatology in the last 25 years?
By Basu Dawar
__________________________________________________________________________________

The criteria used to determine the winner of a Nobel Prize in Physiology or Medicine is
released fifty years after the original pronouncement.1 After all, the criteria used in
determining any verdict, be that of a Nobel Prize or an essay on advances in dermatology,
underpins the outcome. Therefore, I begin by presenting my criteria:

1. The components of an advance should be closely-related where possible
Advances can often be divided into components, for example biologics into etanercept,
ustekinumab, ipilimumab etc. The broader the advance, the more loosely-related its
components can be; broader advances can lay claim to more components. This gives
advances with wide definitions an unwarranted advantage in being named the most
important. Thus the term ‘biologics’ for example, is perhaps not best suitable for this essay,
as it has been previously criticised for its broadness.2 Using terms for advances which have
components that are more closely-related, can alleviate this issue.

2. The advance should have significantly increased dermatological knowledge
The British Association of Dermatologists’ mission-statement is ‘healthy skin for all’, which
indicates that this is their ultimate aim. Increasing the knowledge-base of dermatology is
essential to achieving ‘healthy skin for all’; it is highly important for the development of
better diagnostics and treatments (preventative and therapeutic) for instance.

The confines of current clinical interventions in dermatology is demonstrated by the fact
that skin diseases within the UK accounted for 394,000 Disability Associated Life Years in
2010 alone, despite the relatively high provision of dermatology services that are free at the
point-of-use.3 The limitations of current treatments help to explain why this is. Many
dermatological diseases either lack therapies, or have therapies of a limited effectiveness.
Furthermore, treatments often bring with them difficulties in administration or side-effects.
This affects patient adherence; essentially decreasing effectiveness.4 Hence many people
suffer from a reduced quality of life, despite using the recommended therapeutics for their
dermatological condition(s).5

Therefore, considering that better clinical interventions are required to achieve ‘healthy skin
for all’, it is legitimate to propose that the ‘most important advance’ should have
significantly increased dermatological knowledge within the last 25 years (and will continue
to do so), as this is a catalyst for the development of future clinical interventions.

3. Knowledge which has aided in the development of existing clinical interventions will be
granted a higher value than knowledge which has not
Differentiating between the many advances that have increased dermatological knowledge
is necessary in determining the most important advance. A key reason for increasing
dermatological knowledge is to assist in the development of clinical interventions, thus the
value/benefits of dermatological knowledge can be assessed in these terms. Therefore,
advances which have produced knowledge that has aided in the development of clinical
interventions will be given a higher value than knowledge which has not.

Advances which meet the criteria

The timeline illustrates the advances which have best met the criteria. Out of these, I
believe gene-targeted mice have been the most successful.6 I will offer my reasons for this,
and then compare gene-targeted mice to the other advances on the timeline.7,8

To clarify, although ‘the first reports in which homologous recombination in ES cells was used
to generate gene-targeted mice were published in 1989’, gene-targeted mice have only been
applied to dermatology (and thus existed in dermatology) since 1991.9,10 As we are focusing
on advances in dermatology, gene-targeted mice therefore fit the 25 year timeframe.

Gene-targeted mice in dermatology
Background
Twenty-five years ago, gene-modification studies were overwhelmingly dependent on cell
culture and transgenic mice (produced through non gene-targeting methods). These
methods have significant limitations regarding their use in understanding gene function. In
vitro studies are limited in their generalisability, as they do not represent the complexity of

highly-developed organisms.11 Regarding transgenic (non gene-targeted) mice, their use is
restricted to the addition of genes at random loci within the genome.12 These constraints
meant that there were previously substantial barriers to understanding the workings of the
integumentary system in health and disease. Gene-targeted mice have helped to alleviate
this problem, by allowing for a greater level of genetic modification in complex organisms.
This profound achievement was recognised by the Nobel Prize in Physiology or Medicine
being awarded to the creators of gene-targeted mice in 2007.6

Components
Gene-targeted mice can be described as either knockout or knockin. In knockout mice, the
gene of interest has essentially been deleted.13 In knockin mice, the gene has been inserted
at a specific locus, replacing an existing DNA sequence.14 The effects of the knockedout/knocked-in gene do not necessarily have to be present from an embryonic stage. Genetargeted mice can be created so that one can choose to activate the knockout/knockin of a
gene at a particular point in the mouse’s lifespan (controlled via drug administration). These
mice are known as conditional knockout/knockins, and can be useful when studying genes
crucial to embryogenesis for instance. Also of note, gene-targeted mice can be generated so
that the gene modification either applies to a specific tissue, or the whole organism. The
methods that produce different gene-targeted mice are very similar, since the general
principles are the same, as illustrated below.6

Figure A: Note that homologous recombination is what allows
the targeting vector to modify the target gene

How have gene-targeted mice benefited dermatology?
Genomic sequencing has identified ~25000 genes in the mouse and human genome, of
which only 1% are unique to either species.15 It is not surprising, therefore, that many
important molecular processes are strongly conserved, affording insights into our own skin
in health and disease. A large number of studies using gene-targeted mice have contributed
to dermatology, below are a small proportion of them.

Identification of therapeutic targets

Gene-targeted mice have identified new therapeutic targets, by characterising the functions
of molecules in the skin, as demonstrated below.

Mice with a knockout of aquaporin-3 (encodes a transmembrane protein facilitating in
water transport) helped demonstrate that aquaporin-3 is important for keratinocyte
proliferation.16 Aquaporin-3 knockout mice have also been shown to be resistant to skin
carcinogenesis.17 Thus the aquaporin-3 signalling pathway could be a potential therapeutic
target in non-melanoma skin cancer.17

MicroRNAs play an essential role in the skin; illustrated by the severe cutaneous phenotype
of mice with a knockout of Dicer (required for microRNA synthesis).18 Knockout mice have
been used to identify the specific functions of microRNAs in the skin. 19 These discoveries
point to new therapeutic targets, and provide insight into the microRNA inhibitors currently
in development. 19,20

Current Treatments
Gene-targeted mice have been especially beneficial in developing new treatments for
metastatic melanoma.

Cytotoxic T-lymphocyte associated protein-4 (CTLA-4) knockout mice were required to
demonstrate that CTLA-4 is involved in the negative regulation of the immune response, as
the function of CTLA-4 was previously unclear.21,22 This led to the hypothesis that CTLA-4
inhibitors could be used to augment the immune response in cancer, which resulted in the

development of ipilimumab.22 Ipilimumab has significantly improved the prognosis of
metastatic melanoma.

Similarly, studies of programmed cell death receptor 1 (PD-1) knockout mice provided the
first major evidence that PD-1 is a negative regulator of the immune response.23,24 This led
to the development of pembrolizumab (a PD-1 inhibitor), which was recently approved for
the treatment of metastatic melanoma. Pembrolizumab may have reduced side-effects
compared to ipilimumab.25 Remarkably, this was first suggested on realisation that PD-1
knockout mice experience less deleterious effects than CTLA-4 knockout mice.25

Treatments in clinical trials
Gene-targeted mice offer much hope for future potential treatments.

Recessive dystrophic epidermolysis bullosa (RDEB) is a blistering skin disease due to loss-offunction mutations in the COL7A1 gene, which encodes for the alpha-chain of collagen type
VII. One potential method of treating RDEB is to perform a bone-marrow transplant, as it
provides a supply of ‘healthy’ stem-cells (without the defective COL7A1 mutation) to the
skin, resulting in the production of ‘healthy’ keratinocytes. This therapeutic approach was
validated in a study which demonstrated that the survival of col7a1 knockout mice is
prolonged after bone-marrow transplantation.26 Following on from this, the authors
commenced a phase 1-2 trial in patients with RDEB, it found that bone-marrow replacement
could be beneficial in treating particularly severe forms of epidermolysis bullosa.27

The utility of gene-targeted mice has also been shown in pseudoxanthoma elasticum (PXE);
a heritable metabolic disease that causes mineral deposition in peripheral connective-tissue.
The development of abcc6 knockout mice was important in understanding the pathogenesis
of PXE; this mouse-model demonstrated that circulating factors in the bloodstream are
critical to the pathological mineralisation process of PXE.28 Subsequent studies found that
magnesium supplementation reduced mineral deposition in abcc6 knockout mice, and also
vice versa, the dietary restriction of magnesium increased the pathological mineralisation
process in abcc6 knockout mice.29,30 On this basis, a phase 2 trial is investigating the use of
magnesium supplements in PXE, which could lead to the first effective therapy for PXE.31

Current diagnostics
Previously, the significance of tight-junctions within the epidermis was unclear, as evidence
suggested that epidermal tight-junctions were poorly developed.32 Mice with a knockout for
the gene encoding claudin-1 (a protein component of tight-junctions) produced a
phenotype demonstrating a severely defective skin barrier, thus illustrating the importance
of tight-junctions within the epidermis, as well as validating the function of claudin-1.32 This
resulted in CLDN1 (encodes for claudin-1) being labelled as a candidate-gene in skin diseases
where barrier dysfunction is implicated. It also led to CLDN1 mutations being identified as
the cause of NISCH syndrome, an autosomal recessive disorder characterised by
hypotrichosis, scarring alopecia, icthyosis, and sclerosing cholangitis.33 As a result of this,
prenatal testing and confirmatory diagnosis of NISCH syndrome is now available.34

The discovery that col5a2 (encodes for a key component of collagen type V) knockout mice
have a phenotype resembling Ehlers-Danlos syndrome (EDS), pointed out for the first time

that COL5A2 gene mutations could cause EDS.35 This insight led to the identification of
COL5A2 mutations in patients with EDS, allowing the current use of genetic sequencing for
confirmatory diagnosis, as well as the pre-implantation diagnosis of EDS in specific cases, via
COL5A2 mutation detection.36,.37

Fully-humanised biologics
Gene-targeted mice have been used to develop fully-humanised monoclonal antibodies
(although often referred to as being produced by transgenic mice, gene-targeting is used as
part of the process to knockout mice genes).38 The advantage is that these fully-humanised
antibodies have no mouse-components unlike chimeric antibodies. This removes a source of
immunogenicity, with the aim of reducing potential side-effects.39 Ustekinumab and
ipilimumab are examples of biologics developed via this method. 40

Limitations
As with other disease models, the findings discovered using gene-targeted mice cannot
immediately be assumed to be applicable to humans. This is due to differences in human
and mouse physiology, and also because the investigation of gene function through geneticmodification leaves the possibility of findings being influenced by potential compensatory
mechanisms, via redundancy of related gene products.41 Other limitations include genetargeted mice often being more expensive and time-consuming to produce than other types
of disease models.

Future

The ongoing Knockout Mouse Project aims to generate a public resource of mouse
embryonic stem cells, with a null-mutation in every gene of the mouse genome.42 Mice
produced from this project have already identified genes previously unrecognised as being
involved in the pathogenesis of dermatoses; more are likely to be discovered.43
Furthermore, existing knockout mice lines can cost as much as $26,200 for four mice, this
project will be expected to reduce the cost to $115 per a knockout mouse, encouraging
greater use in research.44

Other Advances
Tissue microarrays
Tissue microarrays are a high-throughput technique that allow the assaying of hundreds of
small quantities of patients’ tissues at a time. This has been useful in understanding the
molecular pathogenesis of particular dermatoses, and has identified potential therapeutic
targets.7 For example, a study used tissue microarrays to identify that MERTK (a receptor
tyrosine kinase) expression was correlated with melanoma progression, thus presenting
MERTK as a potential therapeutic target.45 Tissue microarrays have also been used to
identify potential melanoma biomarkers.46

So far, clinical applications of knowledge from this source have not been evident, whereas
information discovered using gene-targeted mice has already been applied to develop
clinical applications. Thus the criteria favour gene-targeted mice over tissue microarrays as
being the most important advance.

Genome wide association studies (GWAS)

GWAS assay single nucleotide polymorphisms in large populations comprising of healthy
individuals and those who have the disease of interest, in order to identify diseaseassociated loci.8 Associations between particular genes and a disease can then be
determined from this, which can help lead to novel biological insights, allowing for the
development of clinical interventions.

In dermatology, GWAS have validated many existing therapeutic targets, and identified
novel disease-associated loci, providing new candidate disease-susceptibility genes. For
example, a GWA-study associated psoriasis with a (previously unidentified) locus containing
the gene IL28RA, which encodes for the alpha-subunit of the IL-28 receptor.47

To date, there does not appear to have been any clinical interventions derived from GWAS
in dermatology. Additionally, GWAS has identified fewer novel therapeutic targets than
gene-targeted mice. This prevents GWAS from being considered the most important
advance. Also, it is important to note that GWAS may be replaced by next-generation
sequencing in the future, as this provides greater information and reduces the difficulty of
identifying disease-susceptibility genes.48

Conclusion
‘Healthy skin for all’ is a goal of enormous ambitions, which will require the development of
better diagnostics and treatments if it is to be achieved. The advances discussed are
catalysts for this. Of these, gene-targeted mice have demonstrated the most success: by
providing us with powerful new insights into the skin in health and disease, current as well
as potential future clinical interventions, and procedures important in the creation of
biologics.

The prominence of gene-targeted mice in dermatology is illustrated further by the Journal
of Investigative Dermatology, which has the highest impact factor out of all journals
dedicated to dermatology. In 2014, every issue included at least one original article utilising
gene-targeted mice.49-60 The Knockout Mouse Project will likely lead to even greater use of
gene-targeted mice in the future.

In concluding that gene-targeted mice has been the most important advance, it is necessary
to acknowledge that its success in meeting the criteria has likely been influenced by it
having existed longer than the other advances discussed, which does generate some bias.
However, this issue is inherent when comparing almost any advance, and adjusting for it
would generate greater limitations. Therefore, on consideration of the criteria, it is
legitimate to state that the applications of gene-targeted mice make it the most important
advance in dermatology of the last quarter-century.
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