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To the Editor,

Understanding early tumorigenic events have obvious diagnostic and prognostic 

implications, particularly in the skin since this is the site of more US cancer diagnoses 

than any other organ (Rogers et al., 2015). Actinic keratosis (AK) are dysplastic keratinocyte 

lesions characterized by irregularly shaped scaly papules frequently manifesting on sun-

damaged skin, and are considered precursor lesions which can develop into cutaneous 

squamous cell carcinoma (cSCC), the second most common keratinocyte cancer (Siegel et 

al., 2017). Delineating the molecular events that characterize transition from normal skin to 

AK and on to established skin cancer has been the focus of a growing number of studies 

employing various technologies to identify markers of both initiation and progression of AK 

and cSCC (Chitsazzadeh et al., 2016, Hameetman et al., 2013, Kim et al., 2021, Lambert et 

al., 2014, Padilla et al., 2010, Ra et al., 2011, Thomson et al., 2021, Zheng et al., 2021).
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Traditionally, cancer biology focusses on change within the tumor compartment for 

diagnosis and staging. Recent genomic profiling of AK has been similar as multiple 

studies have focused on DNA analysis to identify clonal chromosomal abnormalities and 

somatic mutations (Kim et al., 2021, Thomson et al., 2021), and transcriptional analysis 

has been limited to whole skin (Chitsazzadeh et al., 2016, Hameetman et al., 2013, 

Padilla et al., 2010) or the epidermal compartment alone, isolated using laser capture 

microdissection (Lambert et al., 2014, Zheng et al., 2021). This approach is in line with 

a mutation-centric view of cancer supported by the clear requirement for a tumor to 

harbor multiple somatic DNA changes, without consideration of the dermal compartment, 

populated predominantly by fibroblasts and, in the case of AK and cSCC, infiltrating 

immune cells. Since sun-damaged skin can harbor multiple so called tumor driver-gene 

mutations caused by prolonged exposure to UV radiation (Martincorena et al., 2015, South 

et al., 2014) it becomes challenging to differentiate tumor from non-tumor and tumor from 

pre-cancerous lesions based on mutation burden alone.

As part of a pilot study to evaluate current technologies available to assess a large cohort 

of archival matched patient samples, we employed the Nanostring Digital Spatial Profiler 

(DSP) to compare transcriptional change in sun-protected skin with different regions of 

matched AK from the six individuals. The Nanostring DSP allows for the selection of tissue 

compartments of interest for RNA analysis using photocleavable RNA probes isolated on 

the basis of antibody staining. Here we used a pan-cytokeratin antibody to differentiate the 

epidermal from dermal compartment and assayed over 18,000 RNA probes from multiple 

regions of interest (ROI) comparing sun protected skin (n=5–6 from 6 individuals for a total 

of 34 ROI), the center of an AK lesion (n=3 for a total of 18 ROI) and edge of the AK lesion 

(n=2–3 for a total of 17 ROI) representing sun-damaged skin, from six unrelated individuals 

(Figure 1A).

Analysis of these DSP data identified the expected changes in the epidermal compartment 

comparing sun-protected skin to AK demonstrating an upregulation of gene expression 

associated with P38 MAPK, TP53, ERK and DNA damage associated pathways and in 

line with previous studies (Chitsazzadeh et al., 2016, Zheng et al., 2021) (Figure 2A and 

Supplemental Tables 1&2). Comparison of the dermal compartment revealed up-regulation 

of pathways associated with matrix metalloproteinases, cell adhesion and extracellular 

matrix (ECM) remodeling as well as multiple immune related pathways including innate 

immune system, MHC class II antigen presentation and toll-like receptor signaling 

(Supplemental Tables 3&4). Differential expression analysis of batch corrected, normalized 

read counts using a pairwise FDR adjusted p-value of less than 0.05, for those genes with 

an overall t-test statistic of 0.05 revealed the greatest change in transcriptional activity in the 

dermal compartment when comparing sun protected skin with the center of the AK lesion. 

The fewest transcriptional changes in our matched samples were evident from comparing 

AK edge with AK center, again with the greatest change being in the dermal compartment 

(Figure 1B and Supplemental Table 5). Interestingly, comparing sun protected skin with AK 

edge revealed more change in the epidermal compartment suggesting a progressive model 

where early transcriptional change from sun protected skin to AK edge (assumed to be sun 

damaged normal skin) is evident in the epidermal compartment which leads to activation of 

multiple signaling cascades within the dermal compartment and significant changes to ECM 
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remodeling, presumably with a major contribution from infiltration of immune cells (Figure 

2B).

These data are intriguing since previous studies of AK have focused on the cell of origin, 

the keratinocyte, and while clear differences in transcription have been identified comparing 

AK with sun-protected or UV-exposed normal skin, fewer changes are observed comparing 

AK with cSCC (Chitsazzadeh et al., 2016, Padilla et al., 2010, Zheng et al., 2021). Indeed, 

AK and cSCC keratinocytes are characterized by a high tumor mutation burden and gross 

chromosomal changes (Chitsazzadeh et al., 2016, Ra et al., 2011, Thomson et al., 2021), 

and a compelling hypothesis supported by the data presented here is that key molecular 

changes which influence progression of AK are in fact found in the dermal compartment. 

Further work with a wider sample set and inclusion of matched cSCC samples will be 

needed to test this hypothesis and the DSP platform offers the ability to do so in archival, 

formalin fixed samples. A recent study combining single cell and spatial transcriptomics 

to compare 10 SCC samples with patient matched normal skin also included separation of 

the dermal compartment and highlighted intercellular communication between the stroma 

and the leading edge of invasive SCC (Ji et al., 2020). This observation was also noted in 

an earlier single cell study of head and neck SCC, where the leading edge of the tumor 

was highlighted as the most prognostic region (Puram et al., 2017). These studies support 

the idea that the dermal compartment may well hold key prognosticating information in the 

context of AK and cSCC.

Collectively, these data suggest that while the epidermal compartment harbors the cell of 

origin for SCC and AK, the greatest change in transcriptional homeostasis in the progression 

from sun-protected skin to AK is observed in the dermal compartment and may well 

be a fruitful avenue of investigation for delineating molecular markers of initiation and 

progression.
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Figure 1: Spatial Profiling identifies the greatest transcriptional change in the cytokeratin 
negative compartment comparing sun-protected skin with actinic keratosis.
a: Digital Spatial Profiler identified regions of interest (ROI) highlights examples of 

areas of patient tissue sampled for transcriptional profiling. b: Differentially expressed 

genes identified using a pairwise FDR adjusted p-value of less than 0.05 and an overall 

t-test statistic of 0.05 highlights greater number DEGs (y-axis) in the cytokeratin negative 

compartment (CK-) comparing sun protected normal skin (SP) with actinic keratosis center 

(Cen). CK+ = cytokeratin positive compartment, Edge = actinic keratosis edge.
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Figure 2: Pathway changes in the progression from sun-protected skin to actinic keratosis.
a: Biplots showing centered log-ratio (CLR) transformed reads comparing sun-protected 

and actinic keratosis samples. Individual samples are shown with three color and symbol 

combinations and the mean values are larger symbols on the PCA plane with the CLR 

standardized gene expression plotted. For CK-negative samples the SP and AK edge cluster 

together, and for CK-positive samples AK edge and center cluster together relative to the 

SP samples. The bar charts help interpret the directionality of the projections which can be 

inferred from the PCA plot but is simplified by the bar graphs.

b: Graphical representation of transcriptional change moving through sun protected skin 

to actinic keratosis. Major pathways (identified using methodology described in Ben-Ari 

Fuchs et al., 2016) changing comparing each of the three compartments are indicated within 

the arrows representing the overall extent of transcriptional change, green arrows represent 
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transcriptional change within the cytokeratin positive compartment while orange arrows 

represent the dermal (cytokeratin negative) compartment.
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