
LETTER TO THE EDITOR

Intra-tumoral heterogeneity and
immune escape of melanoma
arising from congenital
melanocytic nevus revealed by
spatial gene expression profiling

Dear Editor,

Previous studies have revealed the presence of “inter-tumoral”

heterogeneity of congenital melanocytic nevus (CMN), primary,

and metastatic melanomas in patients using next-generation

sequencing, suggesting that CMN cells evolve sporadically.1,2

Furthermore, in practice, tissue slides of melanomas arising from

CMNs often show several melanoma cell clusters with different

morphologies, even within a single lesion. Here, we applied spa-

tial transcriptomics to evaluate “intra-tumoral” heterogeneity

and immune evasion processes during tumor progression in

melanoma arising from CMN.

We obtained an excision specimen from a 41-year-old man

who had malignant melanoma with NRASQ61R mutation and

wild-type BRAF/NF1 arising from a 4 cm CMN with several

small satellites on his lower back (Fig. 1a). He had malignant

melanoma up to 4.4 mm thick with ulceration and no lymph

node involvement or distant metastasis. Therefore, he was diag-

nosed with stage IIC (T4bN0M0) disease. We divided the tissue

slide of the patient’s excised sample into four areas containing

four different cell clusters with different histological features and

annotated them as M1 to M4 (Fig. 1b,c). From M1 to M4, cell

clusters gradually more deeply invaded, from 300 to 4200 lm,

measured with Breslow thickness. Cytologic atypia of melanoma

cell clusters increased from M1 to M4. Analysis of tumor-infil-

trating immune cells showed that lymphocyte infiltration

decreased from M1 to M4, whereas macrophage infiltration

tended to increase.

We performed spatial transcriptomic analysis of the excised

sample using the GeoMx DSP platform (NanoString Technolo-

gies, Seattle, WA, USA).3–8 Four regions of interest (ROIs) were

selected from each area, from M1 to M4 (Fig. 1d). A total of 16

ROIs were analyzed using the whole-transcriptome atlas.3,5

Among the 18 677 genes collectively expressed in 16 ROIs, 2067

(11.07%) genes showed significant differences. Comparing M1

to M4, 839 out of 2067 (40.59%) genes were upregulated, while

1005 out of 2067 (48.62%) genes were downregulated

(P < 0.0005, Fig. 2a). The heatmap of these significant differen-

tially expressed genes revealed heterogeneity in the gene
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Figure 1 Region segmentation and histological features according
to different cell clusters of melanomas arising from congenital mela-
nocytic nevus. (a) Clinical photograph of the malignant melanoma on
the left lower back of the patient. (b) Tissue slide of the excised sam-
ple was divided into four areas containing four different cell clusters
showing different histological features and the clusters were anno-
tated M1 to M4. The cell clusters more deeply invaded from 300 to
4200 lm from M1 to M4. (c) Representative magnified images of cell
clusters of M1 to M4 (hematoxylin and eosin, 100 9 in the upper row
and 400 9 in the lower row). Cytologic atypia of melanoma cell clus-
ters increased fromM1 to M4. For tumor-infiltrating immune cells,
lymphocyte infiltration decreased from M1 to M4, whereas macro-
phage infiltration showed a tendency to increase. (d) Selected regions
of interest (ROIs) for spatial transcriptomic analysis are indicated by
polygonal boxes with yellow dotted lines and visualized using
immunofluorescence staining; Blue, nucleus; green, S100B; red,
CD3e. (2009magnification). Cells were segmented based on flores-
cent expression of S100B+ (green) to capture RNA from each ROI.
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expression of tumor cell clusters within each area (Fig. 2b). As

cytologic atypia and the depth of invasion of melanoma cell clus-

ters increased, significant differences in gene expression levels

were observed between clusters, particularly for genes involved

in immune evasion, such as antigen processing and presentation,

interferon alpha-inducible proteins, caspases related to

apoptosis, and complement-regulatory proteins (Fig. 2c–f). Our

results showed a gradual loss of human leukocyte antigen (HLA)

class I and II family molecules as cytologic atypia and tumor

depth increased. The level of b2-microglobulin (B2M), a repre-

sentative HLA-I molecule important for tumor antigen presenta-

tion, decreased with tumor progression (Fig. 2g). The decreased
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B2M expression in melanoma cells may have reduced antigenic-

ity and decreased lymphocyte infiltration by inducing immune

evasion as melanoma progressed. In melanoma, a decrease in

HLA-I has been reported to be associated with poor prognosis,9

and B2M loss is associated with a therapeutic response to

immunotherapy such as checkpoint blockade.10 Therefore,

although further evaluation is needed to confirm our findings,

examining the expression levels of HLA-I-related genes, includ-

ing B2M, in heterogeneous progressive cell clusters in patients

with melanoma may help predict the therapeutic response to

immunotherapy and patient prognosis.

In conclusion, we identified the differential gene expression

profiles during tumor progression of melanoma arising from

CMN using spatial transcriptomics, providing deeper insights

into the intra-tumoral heterogeneity and tumor evolutionary

processes. Our results also suggest that a decrease in B2M is a

key factor influencing immune escape mechanisms during the

progression of CMN melanoma. Additional studies with a larger

sample size are needed to further validate our findings. This

study may facilitate the investigation of the evolutionary dynam-

ics and immune evasion strategies of skin cancers.
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