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Cutaneous squamous cell carcinoma (cSCC) is the second most common form of cancer
with approximately 700,000 cSCCs diagnosed in the USA annuallyl. Despite a generally
good prognosis, 2-6% of cSCCs metastasize leading to approximately 3900-8800 deaths
annually234. There are no targeted therapies or biomarkers for metastatic cSCC. The goal of
this study was to determine whether there were differentially expressed microRNAs
(miRNAs) in metastatic cSCCs relative to non-metastatic primary cSCCs in order to identify
candidates for therapeutic intervention.
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All human studies were approved by the OSU Institutional Review Board. We collected
formalin-fixed paraffin-embedded tissue samples from individuals with metastatic cSCC or
nonmetastatic cSCC for whom at least 5 years of follow-up data was available. Inclusion
criteria included being immunocompetent, having sufficient tumor tissue and histologically
normal skin available for RNA extraction, and having a pathologist confirmed primary
cutaneous SCC of non-lip origin. Individuals with metastases were excluded if it was not
clear which primary tumor gave rise to the metastasis or if the primary tumor was not
available. Both regional and distant metastases were included.

Tissue samples were reviewed by a pathologist and areas of normal skin, primary tumor and
metastatic tumor were marked for coring. Tissue cores for tumors were taken from regions
with greater than 70% tumor cells and non-necrotic regions. RNA was isolated from tissue
cores using an Ambion RecoverAll Kit, and concentration was measured by Nanodrop.
After selecting the highest quality RNA samples, we performed miRNA expression analysis
in 48 RNA samples using the NanoString nCounter miRNA panel of approximately 800
miRNAs. We profiled 30 matched samples from individuals with metastatic cSCC including
ten normal skin (NM), ten primary cSCCs/one recurrent cSCC (TM) and nine metastatic
cSCC RNA samples (MM). For comparison we profiled RNA from nine pairs (18 samples)
of matched normal skin (NN) and non-metastatic primary cSCCs (TN). MicroRNA data are
available at the Gene Expression Omnibus data repository (http://www.ncbi.nlm.nih.gov/
geo/), accession number GSE55768.

Expression data for each sample was normalized to the entire miRNA dataset using the
global sum of six positive controls and then quantile normalization method was performed
on all miRNASs®. Linear models and paired T-tests compared non-metastatic primary tumors
to primary tumors or metastases. Approximately 225 miRNAs were expressed in the skin.
Differential expression significance was determined by controlling the expected false
positive numbers across the 225 expressed miRNAs®. We used a nominal p-value of 0.01 to
allow the expected false positive number of 2.25 for each comparison, and we considered
1.5-fold as biological significance. A heat map of unsupervised clustering of the seven most
differentially expressed miRNAs between MM and TM/TN was generated using TIGR
Multiexperimental Viewer (Figure 1).

Expression of multiple miRNAs showed significant differences between MM and TM/TN
tumors. These included up-regulation of miR-4286, miR-200a-3p and miR-148-3p and
down-regulation of miR-1915-3p, miR-205-5p, miR-4516 and miR-150-5p (Table 1).
Statistically significant differences were not found between paired MM and TM samples.
However, there were 14 miRNAs showing significant differences between TM and TN
including miR-4286, miR-421, miR-4516, and miR-574-5p. miRNAS, miR-135b, miR-21,
miR-145, miR-100, and miR-214, which were previously shown to exhibit aberrant
expression in cSCCs relative to normal skin were observed in a comparison of TM/TN and
NM/NN 7:8, Additionally, multiple miRNAs previously associated with metastasis in other
tumor types showed differential expression between the MM versus NM and NN; these
include miR-4286, miR-135b, miR-21-5p, and miR-203 %19
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In summary, several miRNAs show differential expression between MM and TM/TN; these
may be useful as biomarkers to predict metastasis or as potential therapeutic targets. As the
sample size was small, additional studies are warranted to confirm these findings.
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Figure 1. Heat map of differential expressed miRNAs
A heat map of unsupervised clustering of the seven most differentially expressed miRNAs

between MM and primary tumors TM/TN was generated using TIGR Multiexperimental
Viewer. miRNA names are indicated on the right side. MM samples (towards the left) are
indicated by an orange line. TM are shown in green and TN (towards the right) are indicated
by a blue line.
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MicroRNAs showing differential expression between metastatic tumors (MM) and all primary cSCCs (TM

and TN)
miRNA Fold MM/TM and TN | p-value
hsa-miR-4286 3.2 0.002
hsa-miR-200a-3p 2.2 0.0005
hsa-miR-148a-3p 2.1 0.004
hsa-miR-1915-3p 0.53 0.001
hsa-miR-205-5p 0.48 0.002
hsa-miR-4516 0.45 0.0003
hsa-miR-150-5p 0.23 0.001
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