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ABSTRACT

Background: Genomic fusions involving Protein Kinase C (PKC or PRKC) have been classically identified in a subset of mel-
anocytic neoplasms with heavy melanin pigmentation as described in older series. They were recently reclassified from the
pigmented epithelioid melanocytoma (PEM) category to the blue nevus (BN) category in the fifth edition of the World Health
Organization (WHO) Classification of Skin Tumors.

Methods: Herein, we report a series of eight mostly hypopigmented PRKC fusion melanocytic tumors with novel comprehen-
sive molecular characterization. Clinical, histopathologic, and immunohistochemical findings were reviewed. Next-generation
sequencing (NGS) data on genomic and transcriptomic levels were explored.

Results: Histomorphology showed a biphasic pattern with hypercellular areas and hypocellular areas with dense fibrotic stroma
and collagen trapping. The clinical courses were uncomplicated after excisions. NGS revealed three cases of PRKCB fusion and
five cases of PRKCA fusions. RNA differential analysis against six blue nevi showed a group of genes with significantly higher
transcription levels and strong enrichment in the direct p53 effectors gene set. PRKC fusion tumors also demonstrated signifi-
cantly stronger p53 THC staining.

Conclusion: We further expand the morphologic spectrum of PRKC fusion melanocytic tumors and provide insight into their
morphologic identification. Our novel transcriptome-level findings provide insight into the nuanced molecular events and new
evidence for classification.

1 | Introduction understanding of these entities is critical for accurate diagnosis,

management, and long-term prognostication. Moreover, the re-
With the advent of accessible genomic profiling of challenging cent World Health Organization (WHO) classifications of me-
melanocytic neoplasms, important and clinically relevant ge- lanocytic tumors emphasize the importance of driver mutation
notypic-phenotypic correlations are being described. A better identification for proper classification [1].
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PRKC fusions as a driver of melanocytic neoplasia have only
been recently described, particularly in the context of genomic
analysis of pigmented epithelioid melanocytomas (PEM) [2, 3].
PEM is characterized histopathologically by pigmented epithe-
lioid melanocytes with vesicular nuclei and marked associated
melanophages [4, 5]. At the molecular level, PRKC fusions were
suggested as one of two main pathways underpinning the de-
velopment of PEMs, with the other one being the inactivating
mutation of PRKARIA. In these reports, tumors with PRKC
fusion were morphologically distinct as they showed a sheet-
like growth pattern with a predominance of pigmented mela-
nocytes over melanophages and an absent conventional nevus
component. They are recently reclassified from the PRKARIA-
associated PEM category to the GNAQ/GNA11-driven blue nevus
(BN) category in the fifth edition of the WHO Classification of
Skin Tumors, based on the belief that PKC acts downstream of
GNAQ [6]. In part, this reflects the evolving understanding of
these tumors and their characteristics.

In a 2023 study, the histopathologic and genetic features of 51 me-
lanocytic neoplasms with PRKC fusion genes were characterized
[7]. Forty-two tumors were classified as benign, three tumors (in-
cluding two proliferating nodules) were considered intermediate
grade, and six tumors were classified as melanomas with sheets
of atypical melanocytes infiltrating the dermis (notably, two of
the melanomas demonstrated BAP1 loss by immunohistochem-
istry). The benign lesions were characterized by a biphasic der-
mal proliferation with nests of small melanocytes, surrounding
fibrosis, and associated spindled dendritic melanocytes (resem-
bling combined blue nevi). Notably, 60% of the tumors were heav-
ily pigmented and 15% of cases had hyperpigmented epithelioid
melanocytes at the dermo-epidermal junction, while a minority
of cases were described as with subtle pigment.

The use of molecular investigative tools has enabled more in-
depth characterization of PRKC fusion tumors. In a 2024 study,
principal component analysis on transcriptomic data showed
higher similarity between five PRKC fusion tumors and four
blue nevi as opposed to two PEMs with PRKARIA mutations
[8]. While the findings were interesting, further RNA differ-
ential analysis results were not reported. Statistically signif-
icant differential analysis of PRKC fusion tumors and blue
nevi likely has been precluded by the small sample size in
that study.

Herein, we report eight cases of PRKC fusion tumors with
mostly hypopigmented biphasic morphology and novel, distinct
transcriptome-level features corroborated by protein-level evi-
dence with strong statistical significance. We believe that this
study is an important addition to the evolving knowledge of tu-
mors driven by PRKC fusions.

1 | Methods
1.1 | Selection of Cases

As part of routine clinical workup, challenging or unusual
melanocytic neoplasms were evaluated by genomic and tran-
scriptomic analysis if deemed necessary by consensus derma-
topathology examination to help in further classification and

management recommendations. From 2017 to 2024, cases with
PRKC fusion were identified and were further reviewed by four
board-certified dermatopathologists. This study has been ap-
proved by our institutional review board.

For comparative studies (immunohistochemistry and transcrip-
tome analysis described below), a group of six conventional blue
nevi with GNAQ/GNA11 mutations was selected from the same
cohort described above in a consecutive case fashion based on
material (tissue block and sequencing data) availability.

1.2 | Clinical Data

Demographic data (age, gender), clinical information (primary
lesion size, location, appearance), and follow-up data, includ-
ing lesion-specific treatment, were reviewed in the institutional
electronic medical record database.

1.3 | Immunohistochemistry

Immunohistochemical staining was performed on 4-um
formalin-fixed, paraffin-embedded sections using the following
antibodies: p16, HMB45, Melan-A, Melan-A/Ki-67, and BAP-1.
Immunohistochemical testing was performed on an Agilent
Omnis instrument using immunoperoxidase-based immunohis-
tochemistry for the following antibodies: SOX10 (clone EP268;
Dako), HMB-45 (clone HMB-45; Dako), p16 (clone JC2; Cell
Marque), PRAME (clone EPR20330; Abcam), Ki67/Melan-A
dual stain (clone MIB-1 and clone A103; Dako), BAP1(C-4 clone,
Santa Cruz) and p53 (DO-7 clone, Dako).

1.4 | Comparative p53 Immunohistochemistry
Analysis

Comparative p53 immunohistochemistry was performed on
the PRKC fusion tumor group and the GNAQ/GNA11 tumor
group. All tumors were also part of the transcriptome analysis
described below. The results were interpreted in a simplified H-
score fashion: staining intensity of the nuclei (0: negative, 1+:
weak, 3+4: strong) and the corresponding tumor cells percent-
age (0%-100%) were evaluated by two reviewing pathologists
blinded to the diagnosis independently. Staining scores were
calculated by multiplying the intensity with the percentage of
positive cells, yielding scores ranging from 0 to 300. Averaged
staining scores from the two reviewers were compared between
the two groups using student's t-test. A p-value of less than 0.05
was considered significant. The representative images were dig-
itally enhanced with photoshop 2023 (Adobe Inc.) to suppress
the blue chromogen signal and enhance the red chromogen sig-
nal in a uniform fashion for better publication quality while re-
taining data fidelity. This process did not influence quantitative
scoring as it took place afterward.

1.5 | DNA And RNA Sequencing

Cases deemed appropriate for molecular testing for diagnostic
purposes as described above were sent to Tempus Labs Inc. for
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DNA and RNA sequencing using the Tempus xT and xR assays
(Tempus Labs Inc.), as previously described [9-11].

1.6 | Transcriptome Analysis

To study the transcriptomic-level difference between the
PRKC fusion tumors and the GNAQ/GNA11 tumors, RNA data
from both tumor groups were derived from the same Tempus
xR assay platform protocol. Quantile normalization was per-
formed for optimal comparability. Targets with total counts of
less than 50 reads across all samples were filtered out to en-
sure data quality. Whole transcriptome differential expression
analysis was performed with the limma-voom method [12].
Statistical and bioinformatical analysis was performed using
R (v4.3.0) and BiocManager (release 3.17). The Benjamini-
Hochberg (BH) procedure was used to adjust for false discov-
ery in multiple comparisons. Gene set enrichment analysis was
performed with GeneAnalytics. Enrichment results with an
adjusted p-value smaller than 0.0001 were considered signif-
icant [13].

2. | Results
2.1 | Clinical and Histopathological Results

The clinical and histopathological features of these tumors are
summarized in Table 1. Representative cases are illustrated
in Figures 1-4. The cohort consisted of six females and two
males ranging in age from 1 to 54years with a wide anatomic
distribution. These tumors ranged in size from 0.3 to 6.0cm.
Remarkably, Case 8 presented with a 6.0-cm congenital dark
brown plaque with a 2.5-cm thickened central area (Figure 4G).
Tumors were dermal based with no to minimal lentiginous
junctional component. Most cases showed an elevated plaque-
like silhouette with irregular deep borders. Three had bulbous
tongue-like projections into the deep dermis or subcutis, similar
to that seen in cellular blue nevi. All tumors were character-
ized by a distinctive biphasic growth pattern present in variable
amounts and distributions. The biphasic pattern consisted of
hypercellular and hypocellular areas. The hypercellular area
showed sheeted aggregates of melanocytes with minimal inter-
vening stroma and largely nevic/small epithelioid cytomorphol-
ogy, some with band-like distribution. The hypocellular area
was characterized by a loose proliferation of oval-to-spindled
melanocytes within a fibrotic stroma with features of “colla-
gen trapping” toward the periphery of the lesion (Figures 2C
and 4D). In both areas, there was minimal cytologic atypia and
mitoses were rare (Figures 1-3). In all cases except Case 8, the
melanocytes in these tumors had minimal or light melanin pig-
mentation, and associated melanophages were sparse, whereas
in Case 8, prominent melanin pigment was present both in
melanocytes and in melanophages (Figure 4E,F). In one case
(Case 6), we observed prominent desmin-positive smooth mus-
cle hyperplasia significantly exceeding the expected amount of
background arrector pili, admixed with the tumor cells in a sim-
ilar fashion that has been reported recently (Figure 4A-C) [14].
Five patients underwent excision of their tumors with negative
margins, while two opted for observation based on clear biopsy
margins. One patient was planned to undergo excision. After an

average of 23 months of follow-up, no patient showed evidence
of local recurrence, regional, or distant metastases.

2.2 | Immunohistochemistry

Immunohistochemistry was performed to further evaluate
each case (Table 1). pl6 demonstrated retained expression in
all cases, with one case showing diminished expression (Case
4, Figure 3E). Melan-A/Ki-67 performed on seven cases demon-
strated a very low proliferative index. Additionally, HMB45
performed on six cases had a diffuse staining pattern with no
stratification. BAP1 was retained in all cases. Importantly, the
sheeted and hypocellular areas demonstrated identical staining
characteristics.

2.3 | Genomic-Level Findings

Next-generation sequencing identified three cases of
PTPRJ::PRKCB fusion and five cases of PRKCA fusions with
partners SLC44A1, RNF13, ATP2B4, and SCARBI. The fusion
partners scattered across the genome involve Chromosomes 1, 3,
9, 11, and 12. These fusion partners are recurrent as have been
reported in the literature [7, 8]. Additional pathogenic genetic
alterations were rare and sporadic, including an ATM stop-gain
mutation. The available cases showed a low mutation burden
(0.5-3.7/MB, average 1.9/MB, 2nd-50th percentile).

2.4 | Transcriptomic-Level Findings

With proper normalization, quality control, and false discovery
adjustment, RNA differential expression analysis of the eight
PRKC fusion tumors against six GNAQ/GNA11-driven blue nevi
showed a group of genes with significantly higher transcription
levels (adjusted p<0.05), including CCNGI1, BAX, CDK6, and
GDF15 (Figure 5). Gene set pathway analysis of this group of
genes showed significant enrichment in direct p53 effectors
(SuperPath database, adjusted p <0.0001). This group of genes
also showed strong enrichment to adenocarcinoma gene sets, in-
cluding prostate adenocarcinoma, breast adenocarcinoma, and
lung adenocarcinoma (adjusted p <0.0001).

Meanwhile, the PRKC fusion tumors showed another group of
genes with significantly lower transcription levels compared
to blue nevi (adjusted p<0.05), including KIF1A, MICALI,
TUBB2A, and TRPC6 (Figure 5). This group of genes showed
significant enrichment in “response to elevated cytosolic cal-
cium” in gene set pathway analysis (adjusted p <0.0001).

2.5 | Functional Protein-Level Findings

Encouraged by the unexpected findings of p53 pathway dif-
ferences between PRKC fusion tumors and blue nevi at the
transcriptomic level, we further pursued assessment of such
differences at the protein level using p53 immunohistochemis-
try. Comparative quantitative p53 immunohistochemistry was
performed in the two groups. Nuclear staining scores in PRKC
fusion tumors (median score=24.8) were significantly higher

434

Journal of Cutaneous Pathology, 2025



(senunuo))
aanisod
paleneds HINVdd
paurelar [-dve
"uoneRIIIRAS
MOYNIM SH-GINH suorpoafoxd dn-mor[oy
‘uonyerdyrjoxd moy snoqnq SYjuou § 3 AN ornded
(s1) L9-T3/V-UBIN ou YIm o1 onberd ‘surdrewr aAje3oU  UIY) UMOIq  IdP[NOYS
dIN/T'C QUON. VONIdETANY ‘paurejar 91d juowSid JySry  rendoxy pareAd[d JUSSaId  YIIM UOISIOX2-9y  Aeid wo-40 sy I +S S
paurelal 1-dvd dn-mor[oj syjuow
‘UOTYRIIJTIRIIS 7218 AN ornded
moynm Sy-gINH juowdid possosse oY1 anberd ‘surdrewt oA e3ou pai10[0d
(W30S) dIN/L'€ QUON VONXAd“TV+IIS ‘paysrurwip 91d [ewITUiN oq jouue) pajeas[d Jjuesald UM UOISIOXe-9Y  UIYSUD-8°0 [ UB Y] d 0S 14
syjuow g1
J€ 90UdIINDAI
uMOUY OU [IIm
91ep-0) dn-morjoy
paureldr 1-dvg [eorurD
QAnESoU HINV Ud BUWOUIIIED [BIONP
‘uonedyIIeINS SAISBAUT }SBAIq
INOYNM SHIINH suonoafoid 11 33®)s 10§
ured dois ‘uonjerarjoxd moy snoqnq qewnzIjoIquiag
(nz1) osLTyd L9-T3/V-UBIN ou M oY1 onberd uo ‘Asdoiq uo oinded yrep  [TeMm IS9UD
qN/9'T NIV JONYd=“19dLd ‘pourerar 91d juowSid ySrT  IenSerlr]  pajeAdd  JUAsAId QaIysuldIeN  pasreIun-9'0  JYSKY q 43 €
paureldl 1-dved syjuow g1
‘uonedlyIIeIns & 90UQLINIAT SI1Bak§
oYM SHIINH umouy ou yym 1oy judssaxd
‘uonyerdrjord mor 91ep-0) dn-mofjoJ uoIs9| PIToAd
(Wns1) L9-T3/V-UBIN prod4jod [eorurpd ¢Asdoiq pareAd[d Iaddn
qN/T'T ouUON VONId-vaed IV ‘paurejor 91d Juewid 1y el /onfkydoxg  Juesaly U0 931y SUTSIRN wo-€°0 ysrg Ei L 4
paurejal 1dvd
‘uorjeINjeW JO dn-morjoj jo
JudIpeId INOYIM Gf suonosfoxd syIuoW 98 e
-gINH ‘uonersyijoid snoqinq QAN ‘surdrewr  pazijeuwrnern dreos
MO[ L9-T3/V-UB[IA juowSid s a1 onberd aaneSou yim UOISI] Ie[noLINe
V/N V/N GONYd=“19dLd ‘pauresar 91d [RWIUIN TeM3o1I]  pajeAd[d U] UOISIOXa-9Y wo-Z'T 804 W LT 1
(Gmuddiad) suonjerse uorsng sSurpury DHI uonjeyuowSiy  JI9pIoq  9)IPNOYJIS  YIMois dn-morog UoIs9[ uonedo] JIPudn 3y ase)d
dNLL sruagoyyed daaq Jo urdyyed [eoruI[D
[euonIppy srseydrg
‘swise[doau onkooueour uosny DY Y jo sgurpury renosjowr pue ‘resrdojoyied ‘[eorurpd jo Arewwing | [ ATIVL

435



(Continued)

TABLE 1

Additional

Biphasic
pattern of

TMB

pathogenic

Deep
border

Clinical

alterations (percentile)

IHC findings Fusion

Pigmentation

Silhouette

Follow-up growth

lesion

Age Gender Location

Case

None 1.6/MB (11th)

BAP-1 retained RNF13::PRKCA

Irregular  Light pigment

Elevated

Present

0.8-cmdeep Re-excision with

brown to
black papule

Right
posterior
shoulder

F

38

with no
bulbous

plaque like

negative margins;

NED at 7 months

projections

follow-up

N/A

N/A

PTPRJ::PRKCB

pl6 retained,
Melan-A/Ki-67
low proliferation,

Irregular  Light pigment

Elevated

Present

Re-excision with
negative margins;

0.5-cm
dark brown

Right
groin

F

49

with
bulbous

plaque like

NED at 2 months

papule

HMB-45 without

projections

follow-up

stratification.
BAP-1 retained

0.5/MB (2nd)

None

SCARBI::PRKCA

pl6 retained,
Melan-A/Ki67

slightly increased

Present Elevated Irregular ~ Heavy pigment

Planned for

Congenital

Scalp

with
bulbous

plaque like

re-excision,

6.0-cm dark
brown plaque

with 2.5-cm

no evidence of
tumor regrowth

index at 3%,
PRKARIA and

projections

in 2 months

central
nodularity

BAPI1 retained,

PRAME negative

than in blue nevi (median score=3.2) (p<0.0023, Student's ¢-
test) (Figure 6).

3 | Discussion

PRKC isinvolved in the signal transduction of receptor-mediated
hydrolysis of phospholipids to regulate various cellular homeo-
static mechanisms, including apoptosis, migration, and pro-
liferation [15-17]. Fusions involving PRKC are not unique to
melanocytic neoplasia, as there are previously described non-
melanocytic tumors with such fusions [18]. Examples include
papillary glioneuronal tumor, benign fibrous histiocytoma, lung
squamous cell carcinoma, lung adenocarcinoma, and low-grade
glioma, among others [18-21].

In melanocytic neoplasia, these fusions are usually associated
with heavily pigmented melanocytic neoplasms. In older litera-
ture, they were included in the category of PEM. In this context,
they were usually “pure” PEMs with no associated precursor
nevus [3]. Furthermore, PEM with PRKCA fusion has been
reported to occur more commonly in younger patients with
histopathologic features of monomorphic epithelioid-shaped
melanocytes with moderate-grade nuclear atypia and higher
mitotic activity [2]. In the upcoming WHO Classification of Skin
Tumors, melanocytic neoplasms driven by PRKCA fusions are
classified along the BN lineage unless an associated PRKAR1A
mutation is present [6]. This is based on recent studies and an-
ecdotal data showing better clustering of their gene expression
profiles with blue nevi [8].

We identified eight cases of melanocytic neoplasms with a con-
sistent biphasic histopathologic pattern. These tumors demon-
strate a dermal-based proliferation of medium-sized epithelioid/
oval cells with distinct areas of increased cellularity and a sheet-
like pattern of growth alternating with areas with less compact
oval/spindled melanocytes and fibrotic stroma. In contrast to
older literature, our cases mostly demonstrated minimal to light
pigmentation, except for only one case with heavy pigmentation.
Individual melanocytes mostly demonstrate small nucleoli and
indistinct cell membranes. Mitotic activity was low, and signifi-
cant cytologic atypia was lacking. Toward the periphery of these
lesions, areas of prominent collagen trapping were frequently
identified. In all of these cases, a PRKC fusion was identified.
Compared to the previously reported data on PRKC fusions in
melanocytic neoplasia, our cases strikingly differ in terms of
their degree of pigmentation, rarity of atypia, and alternating
areas of hypercellularity and hypocellularity. Some of these dif-
ferences are likely related to our methodology of selecting these
cases from a cohort of primary (rather than consultative) mela-
nocytic neoplasms with unusual but not necessarily worrisome
features.

Despite extensive research in the literature, the exact role of
PRKC in oncogenesis has been controversial, with the most re-
cent evidence supporting it as a tumor suppressor, given most
PRKC point mutations are loss-of-function [22, 23]. For PRKC
fusion, however, this appears rather counter-intuitive given the
features of genomic-level findings both in our series and the
literature. The pathogenic PRKC fusion constructs have been
found to be recurrent, in-frame, with intact functional domains,
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5 ATP2B4 - 20 of 21 exons retained

¢ Exon9
PRKCA - 9 of 17 exons retained :
~ BT o ) |

Exon 20

FIGURE1 | Representative histomorphology of PRKC fusion tumors (Case 2). (A) Low power view shows dermal melanocytic proliferation with
biphasic hypercellular and hypocellular areas (20x, H&E). (B) High power view shows hypercellular areas with epithelioid cells and light melanin

pigment (200x, H&E). (C) High power view shows hypocellular areas with spindle cells and collagen trapping (200X, H&E). (D) Schematic showing
ATP2B4::PRKCA in-frame fusion with retained kinase domain.

PTPRJ - PRKCB
(NM_002738) (NM_002737)

Exon4
PRKCB - 14 of 17 exons retained 3

o E

5 PTPRJ - 18 of 25 exons retained

FIGURE 2 | Representative histomorphology of PRKC fusion tumors (Case 3). (A) Low power view shows dermal melanocytic proliferation with
a band-like distribution, as well as biphasic hypercellular and hypocellular areas (20x, H&E). (B) High power view shows hypercellular areas with
epithelioid cells and light melanin pigment (200x, H&E). (C) High power view shows hypocellular areas with spindle cells and collagen trapping
(200x H&E). (D) Schematic showing PTPRJ::PRKCB in-frame fusion with retained kinase domain.

indicating that retained function, rather than loss-of-function, may be distinct from other oncogenic fusions as their presence
is required for oncogenesis, a trait frequently seen in oncogenes may result in overall loss of function [22]. This hypothesis is
but not in tumor suppressors. However, this might be explained  further supported by the finding that CRISPR/Cas9-mediated
by a potential dominant negative effect of the fusion protein. fusion PRKC protein demonstrates marked instability [24].
Interestingly, recent data have demonstrated that PRKC fusions Our differential RNA analysis revealed significant relative
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(NM_080546)  (NM_002737)
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FIGURE 3 | Representative histomorphology of PRKC fusion tumors (Case 4). (A) Low power view shows dermal melanocytic proliferation with
biphasic hypercellular and hypocellular areas (20X, H&E). (B) High power view shows hypercellular areas with epithelioid cells and minimal mela-
nin pigment (200X, H&E). (C) High power view shows hypocellular areas with spindle cells (200x, H&E). (D) Schematic showing SLC44A1::PRKCA
in-frame fusion with retained kinase domain. (E) High power view shows diminished patchy p16 immunohistochemistry.

e aperen

DTPRT b
v
e

FIGURE 4 | Unusual histomorphology and clinical findings of PRKC fusion tumors (Cases 6 and 8). (A) Case 6:lw power view shows dermal
melanocytic proliferation with a band-like distribution, as well as biphasic hypercellular and hypocellular areas (20x, H&E). (B) Case 6: high power
view shows prominent smooth muscle hyperplasia and biphasic melanocytic architectural pattern, light melanin pigment (200x, H&E). (C) Case 6:
desmin immunostain highlights smooth muscle hyperplasia. (D) Case 6: high power view shows hypocellular area with collagen trapping pattern.
(E) Case 8:low power view shows dermal nodular melanocytic proliferation with biphasic hypercellular and hypocellular areas (20x, H&E). (F) Case
8: high power view shows heavy melanin pigment in both melanocytes and melanophages (400x, H&E). (G) Clinical findings of Case 8: 6-cm dark
brown plaque on left scalp with central nodularity.
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eight PRKC fusion tumors (left) with significantly higher p53 staining scores compared against six blue nevi (right) (mean 24.8 vs. 3.2, *p <0.0023).
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downregulation of “response to elevated cytosolic calcium” gene
set in PRKC fusion tumors compared to blue nevi. Interestingly,
PRKC activation plays a major role in “response to elevated cy-
tosolic calcium.” [25] This transcriptomic-level finding suggests
that PRKC fusion may also disrupt physiological PRKC pathway
participants. In line with the current understanding in the liter-
ature, our findings may in part support that physiological PRKC
activation has tumor suppressive effects that are paradoxically
antagonized by pathologic PRKC fusion protein actions. Further
studies are required to explore this conjecture. Although GNAQ
is believed to play a role in PRKC upstream activation, the exact
pathogenic role of PRKC appears more intricated than merely an
oncogenic element on a tandem pathway.

Apart from PRKC pathway differences, our transcriptomic-
level study also revealed significantly stronger p53 pathway
activation in PRKC fusion tumors compared to blue nevi. This
finding is corroborated by a significantly stronger p53 immu-
nohistochemistry staining in PRKC fusion tumors compared
to blue nevi. This protein-level experiment also complements
our RNA analysis through higher quantitative resolution,
where individual cells were analyzed for the nuclear p53 pro-
tein staining, excluding noises introduced by impurities in bulk
sequencing. The demonstration of stronger nuclear p53 protein
staining, combined with no p53-related abnormalities on the
genomic level, also indicates that the p53 pathway activation
in PRKC fusion tumors is likely incited by events upstream
of p53 protein expression. In other words, PRKC fusion likely
triggers certain molecular events that result in a reactive p53
protein overexpression that in turn activates the downstream
intact p53 pathway. This cascade of molecular events is rela-
tively lacking in blue nevi compared to PRKC fusion tumors.
PRKC-p53 crosstalk has been studied in the past few decades,
with most literature suggesting that certain isoforms of PRKC
can activate p53 through protein phosphorylation [26-28]. It
has also been reported that PRKC can upregulate p53 gene
transcription [29]. The latter is in accordance with our findings,
although p53 protein phosphorylation, which was not evaluable
with our methods, may possibly also play a role in PRKC fusion
tumors. Interestingly, the activation of the p53 pathway ren-
ders PRKC fusion tumor transcriptomic semblance to prostate
adenocarcinoma, breast adenocarcinoma, and lung adenocar-
cinoma, which was detected in our RNA gene set enrichment
study. Despite this, we believe p53 immunohistochemistry has
limited utility in the clinical diagnosis of PRKC fusion tumors
as the staining is weak and patchy (has a median score of 24.8
out of a maximum of 300). Although this degree of staining has
statistical significance for scientific evidence in this cohort,
such difference may not be reliable enough for routine diagnos-
tic use in individual cases. Moreover, we have not explored the
intensity and pattern of p53 staining in other potential histo-
pathological mimickers.

Previously, melanomas had been rarely associated with PRKC
fusions; however, six cases were recently described, two of
which demonstrated BAP-1 loss. As the reporting institutions of
these six melanoma cases likely have a bias toward more atyp-
ical consultation-based neoplasms, it might still be true that
identifying a PRKCA or PRKCB fusion would suggest a low risk
for progression to melanoma [18, 30]. Nevertheless, since ma-
lignant transformation is possible and well documented in the

literature, careful examination for worrisome histopathologic
features is important. Complete excision of these tumors is gen-
erally recommended.

Limitations in this study include the following. Our sample size
is medium, potentially limiting the statistical power in some
studies. Bulk RNA sequencing is subject to non-tumor cell con-
taminations, although the lack of prominent lymphocytic in-
filtrate mitigates such contaminations. Although statistically
significant, the p53 nuclear staining intensity was generally not
strong, limiting our image quality to some extent.

In summary, we expand the spectrum of tumors driven by
PRKC fusions to include neoplasms with minimal to light pig-
mentation. We believe these results will contribute to improved
understanding and ongoing characterization of these tumors.
Ultimately, this will enable informed communication between
dermatopathologists and treating physicians regarding the di-
agnosis, management, and prognostication of such tumors.
Our findings on both the RNA and protein levels demonstrate
the nuanced molecular events in PRKC fusion tumors that are
distinct from blue nevi and therefore provide new evidence for
classification.
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