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Skin proteomic analysis of immune
activation associated with
regression of melanoma metastases
induced by diphencyprone
To the Editor: Diphencyprone (DPCP), a hapten that
causes delayed-type hypersensitivity reactions, has
been used to treat warts, alopecia areata, and
cutaneous metastases in melanoma patients.1

Previously, our group performed transcriptomic
analysis of skin biopsies from melanoma metastases
treated with topical DPCP, revealing significant in-
creases in Th1-related genes but not in genes of other
major T-cell subsets.2 While gene expression
profiling has long been used as a proxy for protein
expression, correlation between messenger RNA
(mRNA) and protein levels is inconsistent due to
factors such as post-transcriptional regulation.
Therefore, to more precisely ascertain the mecha-
nisms involved in immune-mediated tumor regres-
sion induced by DPCP, we performed proteomic
analysis of skin biopsies from 5 patients with
cutaneous melanoma metastases treated with DPCP
twice weekly for 7 to 14 weeks (Supplemental
Material and Methods and Supplementary Table I,
available via Mendeley at https://doi.org/10.17632/
f5ttw4mygy.1). In this study, we assessed 96 proteins
using the Olink immuno-oncology panel for the 5
patients who underwent molecular profiling.

All patients had expected skin inflammation and
at least partial regression of skin metastases, without
systemic side effects. There were 10 proteins (inter-
leukin 6 [IL-6], IL-12, IL-18, TIE2, HGF, PDGFB,
TNFSF14, PD-L2, MMP7, MMP12) significantly upre-
gulated (P\ .05) in post-treatment versus pretreat-
ment metastases (Fig 1), including biomarkers
associated with Th1 response (IL-12), innate immu-
nity (IL-6), and immune checkpoints (PD-L2)
(P \ .05). All of these proteins had progressively
increased expression in cutaneous metastases with
repeated DPCP applications, and similar increases
were observed in nonlesional skin of these patients
following a single DPCP application. Prior work has
shown that administration of IL-18 in mice increases
activated T cells and natural killer cells that
contribute to effective antimelanoma immunity,3 so
the significant upregulation of this protein in our
study may contribute to the successful skin metas-
tasis regression observed in our patients. TNFSF14
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also likely plays an active role in immune-mediated
regression, as in vivo studies have demonstrated an
association between the expression of this protein in
melanoma metastasis lesions and proliferation of T
cells.4 Additionally, there were 40 proteins signifi-
cantly upregulated in pretreatment metastases
versus untreated nonlesional skin (P\ .05) (Fig 1),
suggesting baseline immune activation in melanoma
metastases. Upon DPCP treatment, changes in non-
lesional skin positively correlated with those in skin
metastases (Supplementary Fig 1, available via
Mendeley at https://doi.org/10.17632/f5ttw4mygy.
1; Spearman correlation ¼ 0.61, P\ .0001).

We performed a correlation analysis between the
proteomic data and the previously published mRNA
data,2 which both were completed on the same
tissue samples, to assess the relationship between
these 2 ‘‘omic’’ approaches (Fig 2). Correlation was
poor (r¼�0.1, P¼ .4012), including for proteins that
were significantly upregulated by proteomics (IL-6
and TNFSF14) (both P\.05). Gene expression from
mRNA is variably correlated with protein expression,
the latter being influenced by many regulatory pro-
cesses prior to translation. Another explanation for
the discrepancy observed between mRNA and pro-
tein expression includes the shorter half-life of
mRNA molecules compared to proteins.5 Despite
our limited sample size, we were able to observe
statistically significant protein expression changes,
and this study is, to our knowledge, the first to assess
the proteomic signature of successful immune-
mediated regression of cutaneous melanoma metas-
tases induced by a topical immunomodulator. Given
the lack of correlation between mRNA and protein
expression, along with the relatively greater feasi-
bility of measuring protein compared to gene
expression levels, our study demonstrates that pro-
teomic analysis can give unique and potentially
complementary insights into immune reactions
induced by topical immunotherapy.
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Fig 1. Heatmap of immuno-oncology proteins in melanoma metastases before, during, and
after DPCP treatment in addition to nonlesional skin before and after DPCP application, with
biomarkers grouped by unsupervised hierarchical clustering. Red boxes correspond to
upregulated proteins while blue boxes correspond to downregulated protein expression
values. The corresponding table lists markers and respective fold changes in skin biopsies of
PreTx NL, day 3 NL, PreTx Met, OnTx Met, and PostTx Met, compared to each other. 1P\.1.
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Fig 2. Scatterplot depicting the log2 FCH of mRNA microarray ( y-axis) versus the log2 FCH of
Olink proteomics (x-axis) of melanoma metastasis lesions before and after DPCP treatment
from the same skin samples. Spearman correlation and its significance was shown in the upper
left-hand corner (r ¼ �0.1, P ¼ .4012). DPCP, Diphencyprone; FCH, fold change; PreTx Met,
melanoma metastasis before DPCP treatment; PostTx Met, melanoma metastasis after DPCP
treatment; r, Spearman correlation.
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