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Abstract: Background: Preferentially expressed antigen in melanoma (PRAME) is a cancer testis
antigen (CTA) identified in 1997 through analysis of the specificity of tumor-reactive T-cell clones
derived from a patient with metastatic cutaneous melanoma. Although at first it seemed even
more specific, various studies have shown that PRAME can also be expressed in the context of
atypical lesions that do not correspond solely to the definition of malignant melanoma. Methods:
A systematic review of English articles was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Results: 126 records were identified in
the literature search, of which 9 were duplicates. After screening for eligibility and inclusion criteria,
53 publications were included. Conclusions: The advent of a new marker such as PRAME is surely
a step forward not only in the diagnostic approach, but also in the immunotherapeutic approach
to MM. However, various studies have shown that PRAME can also be expressed in the context of
atypical lesions apart from MM and, for this reason, the diagnostic sensitivity and specificity (hence
accuracy) are clearly lower. Further studies with larger case series will be necessary to understand
better what possibilities are offered in terms of diagnostic reliability by PRAME.

Keywords: PRAME; malignant melanoma; skin; differential diagnosis; histopathology

1. Introduction

Despite advances in therapy and treatment, malignant melanoma (MM) continues
to be a very aggressive skin cancer, with 324,635 new cases and 57,043 deaths worldwide
in 2020, accounting for 1.7% of all cancers in the world population [1], and showing a
rising incidence [2]. Histological diagnosis continues to be of great importance in the diag-
nostic and therapeutic care pathway of patients suffering from malignant melanoma [3]
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and although it is often relatively simple, at other times, the recognition of the malignant
lesion can pose a great challenge [4]. For this reason, alongside conventional histopathol-
ogy, ancillary immunohistochemistry techniques have been introduced, in an attempt to
simplify the difficulties of diagnosis [5]. Despite this, researchers have always tried to
find new markers that could help, particularly in challenging cases of MM [6], such as
Melan-A (MART-1) [7], HMB-45 (anti-human melanosome clone HMB45) [8], and MITF
(melanocyte inducing transcription factor) [9], but the morphological difficulty together
with the negativity of some histotypes of MM (such as desmoplastic melanoma) [10], has
meant that even these have failed to completely resolve the diagnostic dilemmas. The
widespread use of Sry-related HMg-Box gene 10 (SOX-10) has made it possible to solve
cases of differential diagnostics (such as differential diagnoses between some histotypes of
MM and other types of skin lesions) [11,12], but a certain degree of difficulty still remains.
PRAME (preferentially expressed antigen in melanoma) is a cancer testis antigen (CTA)
that was first identified in 1997 through analysis of the specificity of tumor-reactive T-cell
clones derived from a patient with metastatic cutaneous melanoma [13]. Over the years,
however, it was found that PRAME was not only expressed in cutaneous melanoma, but
also in other types of MM including ocular, as well as in various malignant neoplasms
not of melanocyte origin, such as non-small cell lung cancer [14], breast cancer [15], renal
cancer [16], ovarian cancer [17], hematological malignancies [18–20], synovial sarcoma,
and myxoid liposarcoma [21,22]. Healthy tissues do not express PRAME except the testis,
ovary, placenta, adrenal glands, and endometrium [23]. In this paper, we focus on the
state of the art regarding the diagnostic utility of PRAME in immunohistochemistry for
the histopathological diagnosis of MM, make a careful review that also includes the other
applications of this CTA, and, finally, envisage possible future developments.

2. Materials and Methods

A systematic review was conducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines. A search of PubMed, MEDLINE,
and Web of Sciences (WoS) databases was performed until 22 February 2022 using the terms:
preferentially expressed antigen in melanoma (PRAME) in combination with each of the
following: melanoma, neoplasm, and immunohistochemistry. Only articles in English were
selected. Eligible articles were assessed according to the Oxford Centre for Evidence-Based
Medicine 2011 guidelines [24]. Review articles, meta-analyses, observational studies, and
letters to the editor were included. Other potentially relevant articles were identified by
manually checking the references of the included literature.

An independent extraction of articles was performed by two investigators (G.C. and
A.C.) according to the inclusion criteria. Disagreement was resolved by discussion between
the two review authors. Because the study designs, participants, treatment measures, and
reported outcomes varied markedly, we focused on describing the different approaches of
the authors regarding the immunoexpression of PRAME in malignant melanoma, analyzing
the techniques (mainly immunohistochemistry) used in the works examined. Finally, we
analyzed the state of the art, imagining what the future perspectives may be.

3. Results

In total, 126 records were initially identified in the literature search, of which nine
were duplicates. After screening for eligibility and inclusion criteria, 53 publications were
ultimately included (Figure 1). Most of the publications were original or research articles,
or both (n = 12), followed by reviews with or without metanalysis (n = 2), a comparative
study (n = 1), and a case-control retrospective study (n = 1). All studies included were
rated as level 4 or 5 for evidence for clinical research as detailed in the Oxford Centre for
Evidence-Based Medicine 2011 guidelines [24].
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Figure 1. PRISMA flowchart used in review about PRAME.

4. Discussion

Since its first description back in 1997 by Ideka et al. [13], PRAME has been of interest
both as a possible diagnostic parameter and as a target for possible immunotherapy. Since
then, various studies have tried to shed light on the real potential use of this marker, and
in recent years the aspect relating to immunoexpression has been particularly studied in
the context of differential histopathological diagnostics of MM [25–27]. Recent works by
Lezcano C. et al. [25,26,28] have clarified some important aspects relating to the role of
PRAME as a diagnostic aid. In fact, in one of the first studies conducted on this topic,
the authors [25] presented their findings regarding the immunoexpression of PRAME
in 400 melanocytic tumors, including 155 primary and 100 metastatic melanomas, and
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145 melanocytic nevi. Diffuse nuclear immunoreactivity for PRAME was found in 87% of
metastatic and 83.2% of primary melanomas. Among melanoma subtypes, PRAME was
diffusely expressed in 94.4% of acral melanomas, 92.5% of superficial spreading melanomas,
90% of nodular melanomas, 88.6% of lentigo maligna melanomas, and 35% of desmoplastic
melanomas. When in situ and nondesmoplastic invasive melanoma components were
present, PRAME expression was seen in both. Of the 140 cutaneous melanocytic nevi,
86.4% were completely negative for PRAME. Immunoreactivity for PRAME was seen,
albeit usually only in a minor subpopulation of lesional melanocytes, in 13.6% of cutaneous
nevi, including dysplastic nevi, common acquired nevi, traumatized and recurrent nevi,
and Spitz nevi (one case in a 6 years-old child). Rare isolated junctional melanocytes with
immunoreactivity for PRAME were also seen in solar lentigines and benign non lesional
skin. In this first work, it was highlighted that this marker could certainly constitute a valid
support in the differential diagnosis of benign and malignant pigmented lesions, albeit
with limitations in selected cases. In a 2020 paper, Lezcano et al. [26,28] reported a series
of cases of immunostaining for PRAME: they examined 45 nodal melanocytic deposits
comprising 30 nodal nevi and 15 melanoma metastases. All nodal nevi (30/30) were
negative for PRAME, whereas all melanoma metastases (15/15) were diffusely positive
for PRAME IHC. Furthermore, the authors reported the utility of PRAME/Melan A dual-
label immunostaining and stressed the usefulness of PRAME IHC in the assessment of
diagnostically challenging nodal melanocytic deposits, such as intraparenchymal nodal
nevi, metastases confined to the capsular fibrous tissue, or in the setting of small metastases
coexisting with a nodal nevus in the same lymph node. These aspects were also analyzed
by See et al. [29]. In a paper published in September 2020, Gradecki S. et al. reported their
experience of immunostaining of PRAME on 155 cases of metastatic melanoma, 54 of which
were to lymph node and 101 to non-lymph node sites. PRAME expression was seen in
151/155 (97.4%) cases, with 4+ expression in 64 cases (41.3%), 3+ expression in 46 cases
(29.7%), 2+ expression in 18 cases (11.6%), and 1+ expression in 23 cases (14.8%). Lymph
node metastases were more likely to show a lower expression as compared to metastases
to other anatomic sites. Based on these data, the authors suggested the possibility that
PRAME could be of diagnostic aid in confirming a diagnosis of MM in a metastatic setting
(both lymph node and other sites) [30].

Considering that in the biology of malignant transformation from dysplastic nevus
to MM a series of genetic-molecular events occur, that alter the expression of various
protein molecules [31,32], Lohman et al. [33] investigated the immunoexpression pattern
of PRAME in melanomas associated with a dysplastic nevus (NAM). In that paper they
reviewed thirty-six cases: 67% (24/36) of melanomas were PRAME positive (4+) while no
(0/36) nevi showed 4+ positivity; 81% (29/36) of nevi were completely PRAME negative
compared to 17% (6/36) of melanomas. In 67% of cases (24/36) PRAME differentiated
between benign and malignant melanocyte populations. The authors identified a high
rate (67%) of differential PRAME staining in adjacent benign and malignant melanocyte
populations in NAM. In PRAME positive (4+) melanomas, PRAME differentiates 100%
(24/24) of benign and malignant melanocyte populations. When 4+ staining is used as the
threshold for positivity, PRAME staining has a sensitivity of 67% (24/36) and a specificity
of 100% (36/36). These results supported the concept that PRAME IHC can assist in
distinguishing melanocyte populations in melanoma arising within nevi.

A study by Raghavan et al. investigated further and confirmed the usefulness of
PRAME IHC for making differential diagnoses between melanocytic proliferations with
intermediate histopathology and melanoma: they found that traumatized, mitotically-
active, persistent and recurrent, and dysplastic nevi usually lacked PRAME expression
altogether. As in the study by Lezcano et al. [26], the need for further histopathological,
cytogenetic, and molecular characteristics to interpret the PRAME status in cases of spitzoid
neoplasia was confirmed. Indeed, although most benign and intermediate Spitz lesions
lacked widespread PRAME expression, widespread PRAME positivity was observed in
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a Spitz nevus and atypical Spitz tumor. Furthermore, immunoreactivity intensity ranged
from weak to strong, regardless of the degree of atypia [34].

Scherlfer et al. conducted a study on the relationship between clinical features, gene
expression profile (GEP) class, and PRAME expression in uveal melanoma. There was
no association between PRAME expression and clinical features (gender, patient age, and
tumor thickness). PRAME staining was not statistically associated with a higher TNM stage.
However, it should be noted that the GEP class was associated with higher TNM staging
and worsening of the GEP class was associated with positive PRAME status. PRAME
expression was found to be associated with an increased risk of metastasis and a worse
prognosis in all GEP classes.

PRAME expression was associated with the largest basal diameter (LBD) and tumor
volume. Notwithstanding, PRAME expression can appear at any stage of tumor progression
and not only in advanced stages. These findings were in agreement with the already known
strong association of LBD with GEP and metastatic risk [35]. These data have also since
been confirmed and expanded on in the paper by Cai L. et al [36].

In a cases series reported by Hovander et al. PRAME expression was studied in
eight cases of oral malignant melanoma (OMM), a rare and very aggressive neoplasm
with a high risk of metastasis. In this study, PRAME was positive in 83.2% of the OMMs
analyzed [37]. In a 2021 paper, Jue hu et al. [38] studied the expression pattern of PRAME
in acral lentiginous melanoma (LM) and acral nevi (ANs) that had never been previously
analyzed; 89.3% of ALMs resulted PRAME positive, and 94.1% of ANs resulted in being
completely PRAME negative. The PRAME expression proportion of tumor cells in the
epidermidis was slightly higher than in the dermis. The PRAME positive proportion of
epithelioid cells was slightly higher than that of spindle cells; 82.6% of ALMs with lymph
node involvement at diagnosis expressed PRAME, compared with 57.6% of those without.
PRAME has both a good sensitivity (69.3%) and high specificity (100%) for discriminating
ALMs from ANs.

In this scenario, rising attention is being devoted to this marker, and new studies
are being conducted in an attempt to increase experiences, report results, and find safer
answers [39–59].

In an elegant paper published in 2021, Lopez et al. described their pilot study on
PRAME immunostaining of 24 lesions that are particularly difficult to diagnose: 24 lesions
consisting of five cases of low-grade inactivated melanocytic tumor (BIMTs), seven cases
of deep penetrating nevus (DPNs), and 12 combined nevi with conventional and DPN
features (CDPNs). A total of five BIMTs were analyzed in regard to PRAME, and none had
an immunoreactivity score greater than 1+, while all the BIMT cases scored higher than zero
demonstrated a weak staining intensity. Of the remaining 19 cases, seven were DPNs and
12 were CDPNs. None of the DPN/CDPN cases demonstrated an immunoreactivity score
greater than 2+, except for one CDPN. Of the DPN/CDPN cases scored higher than zero,
only two demonstrated strong intensity, neither of which showed salient distinguishing
morphologic features. None of the 24 cases examined demonstrated diffuse positivity
(score: 4+). This work offered the authors a slightly greater confidence in the possibility of
PRAME providing a practical diagnostic aid in the course of the diagnostic management of
these particular lesions [60].

In 2020, Leczano et al. demonstrated a high concordance between PRAME immu-
noexpression results and cytogenetic data, starting from ambiguous melanocytic lesions
and difficult diagnostic categorization [61]. In this work, the authors analyzed 110 cases
of particularly challenging melanocytic lesions and found a 90% agreement between the
PRAME IHC and the cytogenetic test results (fluorescence in situ hybridization or single
nucleotide polymorphism-array, or both) and a concordance of 92.7% between PRAME IHC
and the final diagnosis. However, it was clearly accepted that IHC and cytogenetics were
not interchangeable, as there is the possibility of false negative or false positive results [61].

Very recently, in 2022, Krajisnik et al. published a paper where they evaluated the
expression of the PRAME protein in a series of melanocytic lesions of the nail. In their
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work, 25 nail unit melanomas (including small biopsy and amputation samples) and
32 control benign melanocytic lesions were retrospectively reviewed. PRAME nuclear
staining was evaluated (similarly to other works in the literature) as a percentage and
intensity labeling. All melanoma cases showed PRAME nuclear expression, which was
usually widespread and strong. In samples with few cancer cells, staining was restricted
to tumor cells, corresponding to the initial H&E imprint. All control cases were negative
for PRAME expression. The expression of PRAME was useful in distinguishing between
melanomas and other melanocytic lesions of the nail. This antibody has also been shown
to be diagnostically valuable for detecting melanoma cells in small samples with minimal
disease [62].

5. Conclusions

PRAME expression in melanoma cells is regulated by many actors. Hypermethy-
lation appears to downregulate the expression of PRAME [63], while downregulation
of miR-211 (an RNA gene) results in increased expression [64]. Aberrant PRAME hy-
pomethylation results in an augmented transcription and a higher risk of metastasis in
uveal melanoma. [65] The activity of MZF-1 also increases the expression of PRAME in
melanoma cells and their ability to form colonies [63,66]. A retrospective study conducted
on different types of mucosal melanoma (sinonasal, gastrointestinal, genitourinary, and
oropharyngeal) shows the prognostic implication of PRAME expression. PRAME expres-
sion was lower in surviving patients at 24 months, and higher PRAME staining detected on
immunohistochemical analysis was correlated with a 170% risk of death [67]. Furthermore,
mucosal melanomas analyzed by Toyama et al. [67] showed a higher PRAME expression in
cells with an epithelioid than a spindle morphology.

From a molecular point of view, mucosal melanomas are more similar to uveal
melanoma than to cutaneous melanoma [25,46,68].

PRAME is expressed by melanoma and many different tumors: a higher expres-
sion is typical of advanced diseases and is associated with lymph node spread of the
disease. Prognosis is poor when PRAME is overexpressed, indicating worse disease-free,
progression-free, and metastasis-free prognosis, and worse overall survival [69].

Author Contributions: Conceptualization, G.C. (Gerardo Cazzato), K.M. and G.F.; methodology,
A.C. and P.P.; software, F.A.; validation, G.C. (Gerardo Cazzato), V.L., G.G. and L.R.; formal analysis,
G.I.; investigation, T.L.; resources, I.T. and S.S.; data curation, C.L. and N.C.; writing—original draft
preparation, G.C. (Gerardo Cazzato), K.M., I.T., G.F. and G.I.; writing—review and editing, T.A.
and G.C. (Gerardo Cazzato); visualization, G.C. (Gennaro Cormio); supervision, E.M. and D.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable for review.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: In memory of Antonietta Cimmino.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Sandru, A.; Voinea, S.; Panaitescu, E.; Blidaru, A. Survival rates of patients with metastatic malignant melanoma. J. Med. Life 2014,
7, 572–576.

3. Cabrera, R.; Recule, F. Unusual Clinical Presentations of Malignant Melanoma: A Review of Clinical and Histologic Features with
Special Emphasis on Dermatoscopic Findings. Am. J. Clin. Dermatol. 2018, 19 (Suppl. 1), 15–23. [CrossRef] [PubMed]

4. Bsirini, C.; Smoller, B.R. Histologic mimics of malignant melanoma. Singapore Med. J. 2018, 59, 602–607. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1007/s40257-018-0373-6
http://www.ncbi.nlm.nih.gov/pubmed/30374898
http://doi.org/10.11622/smedj.2018041
http://www.ncbi.nlm.nih.gov/pubmed/29774360


Genes 2022, 13, 545 7 of 9

5. Luca, R. Diagnostic, Prognostic and Predictive Immunohistochemistry in Malignant Melanoma of the Skin. Klin. Onkol. 2018, 31,
152–155. [PubMed]

6. Barnhill, L.R. Pathology of Malignant Melanoma, 1st ed.; Springer: Milan, Italy, 2004; pp. 33–39.
7. Kim, J.; Taube, J.M.; McCalmont, T.H.; Glusac, E.J. Quantitative comparison of MiTF, Melan-A, HMB-45 and Mel-5 in solar

lentigines and melanoma in situ. J. Cutan. Pathol. 2011, 38, 775–779. [CrossRef] [PubMed]
8. Gleason, B.C.; Nascimento, A.F. HMB-45 and Melan-A are useful in the differential diagnosis between granular cell tumor and

malignant melanoma. Am. J. Dermatopathol. 2007, 29, 22–27. [CrossRef] [PubMed]
9. Torres-Cabala, C.; Li-Ning-Tapia, E.; Hwu, W.J. Pathology-based Biomarkers Useful for Clinical Decisions in Melanoma. Arch.

Med. Res. 2020, 51, 827–838. [CrossRef] [PubMed]
10. Kooper-Johnson, S.; Mahalingam, M.; Loo, D.S. SOX-10 and S100 Negative Desmoplastic Melanoma: Apropos a Diagnostically

Challenging Case. Am. J. Dermatopathol. 2020, 42, 697–699. [CrossRef] [PubMed]
11. Plaza, J.A.; Bonneau, P.; Prieto, V.; Sangueza, M.; Mackinnon, A.; Suster, D.; Bacchi, C.; Estrozi, B.; Kazakov, D.; Kacerovska, D.;

et al. Desmoplastic melanoma: An updated immunohistochemical analysis of 40 cases with a proposal for an additional panel of
stains for diagnosis. J. Cutan. Pathol. 2016, 43, 313–323. [CrossRef] [PubMed]

12. Willis, B.C.; Johnson, G.; Wang, J.; Cohen, C. SOX10: A useful marker for identifying metastatic melanoma in sentinel lymph
nodes. Appl. Immunohistochem. Mol. Morphol. 2015, 23, 109–112. [CrossRef] [PubMed]

13. Ikeda, H.; Lethé, B.; Lehmann, F.; van Baren, N.; Baurain, J.F.; de Smet, C.; Chambost, H.; Vitale, M.; Moretta, A.; Boon, T.; et al.
Characterization of an antigen that is recognized on a melanoma showing partial HLA loss by CTL expressing an NK inhibitory
receptor. Immunity 1997, 6, 199–208. [CrossRef]

14. Pujol, J.L.; De Pas, T.; Rittmeyer, A.; Vallières, E.; Kubisa, B.; Levchenko, E.; Wiesemann, S.; Masters, G.A.; Shen, R.; Tjulandin,
S.A.; et al. Safety and Immunogenicity of the PRAME Cancer Immunotherapeutic in Patients with Resected Non-Small Cell Lung
Cancer: A Phase I Dose Escalation Study. J. Thorac. Oncol. 2016, 11, 2208–2217. [CrossRef]

15. Sun, Z.; Wu, Z.; Zhang, F.; Guo, Q.; Li, L.; Li, K.; Chen, H.; Zhao, J.; Song, D.; Huang, Q.; et al. PRAME is critical for breast cancer
growth and metastasis. Gene 2016, 594, 160–164. [CrossRef] [PubMed]

16. Neumann, E.; Engelsberg, A.; Decker, J.; Störkel, S.; Jaeger, E.; Huber, C.; Seliger, B. Heterogeneous expression of the tumor-
associated antigens RAGE-1, PRAME, and glycoprotein 75 in human renal cell carcinoma: Candidates for T-cell-based im-
munotherapies? Cancer Res. 1998, 58, 4090–4095. [PubMed]

17. Zhang, W.; Barger, C.J.; Eng, K.H.; Klinkebiel, D.; Link, P.A.; Omilian, A.; Bshara, W.; Odunsi, K.; Karpf, A.R. PRAME expression
and promoter hypomethylation in epithelial ovarian cancer. Oncotarget 2016, 7, 45352–45369. [CrossRef]

18. Matsushita, M.; Yamazaki, R.; Ikeda, H.; Kawakami, Y. Preferentially expressed antigen of melanoma (PRAME) in the development
of diagnostic and therapeutic methods for hematological malignancies. Leuk. Lymphoma 2003, 44, 439–444. [CrossRef]

19. Oehler, V.G.; Guthrie, K.A.; Cummings, C.L.; Sabo, K.; Wood, B.L.; Gooley, T.; Yang, T.; Epping, M.T.; Shou, Y.; Pogosova-
Agadjanyan, E.; et al. The preferentially expressed antigen in melanoma (PRAME) inhibits myeloid differentiation in normal
hematopoietic and leukemic progenitor cells. Blood 2009, 114, 3299–3308. [CrossRef]

20. Quintarelli, C.; Dotti, G.; De Angelis, B.; Hoyos, V.; Mims, M.; Luciano, L.; Heslop, H.E.; Rooney, C.M.; Pane, F.; Savoldo, B.
Cytotoxic T lymphocytes directed to the preferentially expressed antigen of melanoma (PRAME) target chronic myeloid leukemia.
Blood 2008, 112, 1876–1885. [CrossRef] [PubMed]

21. Albertsmeier, M.; Altendorf-Hofmann, A.; Lindner, L.H.; Issels, R.D.; Kampmann, E.; Dürr, H.R.; Schubert-Fritschle, G.; Angele,
M.K.; Kirchner, T.; Jungbluth, A.A.; et al. Cancer Testis Antigens and Immunotherapy: Expression of PRAME Is Associated with
Prognosis in Soft Tissue Sarcoma. Cancers 2020, 12, 3612. [CrossRef] [PubMed]

22. Luk, S.J.; van der Steen, D.M.; Hagedoorn, R.S.; Jordanova, E.S.; Schilham, M.W.; Bovée, J.V.; Cleven, A.H.; Falkenburg, J.F.;
Szuhai, K.; Heemskerk, M.H. PRAME and HLA Class I expression patterns make synovial sarcoma a suitable target for PRAME
specific T-cell receptor gene therapy. Oncoimmunology 2018, 7, e1507600. [CrossRef] [PubMed]

23. Al-Khadairi, G.; Decock, J. Cancer Testis Antigens and Immunotherapy: Where Do We Stand in the Targeting of PRAME? Cancers
2019, 11, 984. [CrossRef]

24. Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence. Available online: http://www.cebm.net/wp-content/
uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf (accessed on 22 February 2022).

25. Lezcano, C.; Jungbluth, A.A.; Nehal, K.S.; Hollmann, T.J.; Busam, K.J. PRAME Expression in Melanocytic Tumors. Am. J. Surg.
Pathol. 2018, 42, 1456–1465. [CrossRef] [PubMed]

26. Lezcano, C.; Pulitzer, M.; Moy, A.P.; Hollmann, T.J.; Jungbluth, A.A.; Busam, K.J. Immunohistochemistry for PRAME in the
Distinction of Nodal Nevi From Metastatic Melanoma. Am. J. Surg. Pathol. 2020, 44, 503–508. [CrossRef] [PubMed]

27. Schefler, A.C.; Kim, R.S. Recent advancements in the management of retinoblastoma and uveal melanoma. Fac. Rev. 2021, 10, 51.
[CrossRef] [PubMed]

28. Lezcano, C.; Jungbluth, A.A.; Busam, K.J. PRAME Immunohistochemistry as an Ancillary Test for the Assessment of Melanocytic
Lesions. Surg. Pathol. Clin. 2021, 14, 165–175. [CrossRef] [PubMed]

29. See, S.H.C.; Finkelman, B.S.; Yeldandi, A.V. The diagnostic utility of PRAME and p16 in distinguishing nodal nevi from nodal
metastatic melanoma. Pathol. Res. Pract. 2020, 216, 153105. [CrossRef]

30. Gradecki, S.E.; Slingluff, C.L.; Gru, A.A. PRAME expression in 155 cases of metastatic melanoma. J. Cutan. Pathol. 2021, 48,
479–485. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/29708359
http://doi.org/10.1111/j.1600-0560.2011.01763.x
http://www.ncbi.nlm.nih.gov/pubmed/21797920
http://doi.org/10.1097/01.dad.0000249888.41884.6c
http://www.ncbi.nlm.nih.gov/pubmed/17284958
http://doi.org/10.1016/j.arcmed.2020.09.008
http://www.ncbi.nlm.nih.gov/pubmed/32950263
http://doi.org/10.1097/DAD.0000000000001626
http://www.ncbi.nlm.nih.gov/pubmed/32149837
http://doi.org/10.1111/cup.12654
http://www.ncbi.nlm.nih.gov/pubmed/26661921
http://doi.org/10.1097/PAI.0000000000000097
http://www.ncbi.nlm.nih.gov/pubmed/25356946
http://doi.org/10.1016/S1074-7613(00)80426-4
http://doi.org/10.1016/j.jtho.2016.08.120
http://doi.org/10.1016/j.gene.2016.09.016
http://www.ncbi.nlm.nih.gov/pubmed/27632898
http://www.ncbi.nlm.nih.gov/pubmed/9751617
http://doi.org/10.18632/oncotarget.9977
http://doi.org/10.1080/1042819021000035725
http://doi.org/10.1182/blood-2008-07-170282
http://doi.org/10.1182/blood-2008-04-150045
http://www.ncbi.nlm.nih.gov/pubmed/18591381
http://doi.org/10.3390/cancers12123612
http://www.ncbi.nlm.nih.gov/pubmed/33287125
http://doi.org/10.1080/2162402X.2018.1507600
http://www.ncbi.nlm.nih.gov/pubmed/30524904
http://doi.org/10.3390/cancers11070984
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://doi.org/10.1097/PAS.0000000000001134
http://www.ncbi.nlm.nih.gov/pubmed/30045064
http://doi.org/10.1097/PAS.0000000000001393
http://www.ncbi.nlm.nih.gov/pubmed/31633488
http://doi.org/10.12703/r/10-51
http://www.ncbi.nlm.nih.gov/pubmed/34195690
http://doi.org/10.1016/j.path.2021.01.001
http://www.ncbi.nlm.nih.gov/pubmed/34023098
http://doi.org/10.1016/j.prp.2020.153105
http://doi.org/10.1111/cup.13876
http://www.ncbi.nlm.nih.gov/pubmed/32939793


Genes 2022, 13, 545 8 of 9

31. Ko, J.M.; Velez, N.F.; Tsao, H. Pathways to melanoma. Semin. Cutan. Med. Surg. 2010, 29, 210–217. [CrossRef] [PubMed]
32. Borden, E.S.; Adams, A.C.; Buetow, K.H.; Wilson, M.A.; Bauman, J.E.; Curiel-Lewandrowski, C.; Chow, H.S.; LaFleur, B.J.;

Hastings, K.T. Shared Gene Expression and Immune Pathway Changes Associated with Progression from Nevi to Melanoma.
Cancers 2021, 14, 3. [CrossRef] [PubMed]

33. Lohman, M.E.; Steen, A.J.; Grekin, R.C.; North, J.P. The utility of PRAME staining in identifying malignant transformation of
melanocytic nevi. J. Cutan. Pathol. 2021, 48, 856–862. [CrossRef] [PubMed]

34. Raghavan, S.S.; Wang, J.Y.; Kwok, S.; Rieger, K.E.; Novoa, R.A.; Brown, R.A. PRAME expression in melanocytic proliferations
with intermediate histopathologic or spitzoid features. J. Cutan. Pathol. 2020, 47, 1123–1131. [CrossRef] [PubMed]

35. Schefler, A.C.; Koca, E.; Bernicker, E.H.; Correa, Z.M. Relationship between clinical features, GEP class, and PRAME expression in
uveal melanoma. Graefes Arch Clin. Exp. Ophthalmol. 2019, 257, 1541–1545. [CrossRef] [PubMed]

36. Cai, L.; Paez-Escamilla, M.; Walter, S.D.; Tarlan, B.; Decatur, C.L.; Perez, B.M.; Harbour, J.W. Gene Expression Profiling and
PRAME Status Versus Tumor-Node-Metastasis Staging for Prognostication in Uveal Melanoma. Am. J. Ophthalmol. 2018, 195,
154–160. [CrossRef] [PubMed]

37. Hovander, D.; Allen, J.; Oda, D.; Moshiri, A.S. PRAME immunohistochemistry is useful in the diagnosis of oral malignant
melanoma. Oral Oncol. 2022, 124, 105500. [CrossRef] [PubMed]

38. Hu, J.; Cai, X.; Lv, J.J.; Wan, X.C.; Zeng, X.Y.; Feng, M.L.; Dai, B.; Kong, Y.Y. Preferentially expressed antigen in melanoma
immunohistochemistry as an adjunct for differential diagnosis in acral lentiginous melanoma and acral nevi. Hum. Pathol. 2021,
120, 9–17. [CrossRef] [PubMed]

39. McBride, J.D.; McAfee, J.L.; Piliang, M.; Bergfeld, W.F.; Fernandez, A.P.; Ronen, S.; Billings, S.D.; Ko, J.S. Preferentially expressed
antigen in melanoma and p16 expression in acral melanocytic neoplasms. J. Cutan. Pathol. 2022, 49, 220–230. [CrossRef] [PubMed]

40. Gezgin, G.; Luk, S.J.; Cao, J.; Dogrusöz, M.; van der Steen, D.M.; Hagedoorn, R.S.; Krijgsman, D.; van der Velden, P.A.; Field,
M.G.; Luyten, G.P.M.; et al. PRAME as a Potential Target for Immunotherapy in Metastatic Uveal Melanoma. JAMA Ophthalmol.
2017, 135, 541–549. [CrossRef] [PubMed]

41. Grillini, M.; Ricci, C.; Pino, V.; Pedrini, S.; Fiorentino, M.; Corti, B. HMB45/PRAME, a Novel Double Staining for the Diagnosis of
Melanocytic Neoplasms: Technical Aspects, Results, and Comparison with Other Commercially Available Staining (PRAME and
Melan A/PRAME). Appl. Immunohistochem. Mol. Morphol. 2022, 30, 14–18. [CrossRef] [PubMed]

42. Gradecki, S.E.; Valdes-Rodriguez, R.; Wick, M.R.; Gru, A.A. PRAME immunohistochemistry as an adjunct for diagnosis and
histological margin assessment in lentigo maligna. Histopathology 2021, 78, 1000–1008. [CrossRef] [PubMed]

43. Ruby, K.N.; Li, Z.; Yan, S. Aberrant expression of HMB45 and negative PRAME expression in halo nevi. J. Cutan. Pathol. 2021, 48,
519–525. [CrossRef] [PubMed]

44. Kline, N.; Menge, T.D.; Hrycaj, S.M.; Andea, A.A.; Patel, R.M.; Harms, P.W.; Chan, M.P.; Bresler, S.C. PRAME Expression in
Challenging Dermal Melanocytic Neoplasms and Soft Tissue Tumors with Melanocytic Differentiation. Am. J. Dermatopathol.
2022, 5. [CrossRef]

45. Westekemper, H.; Karimi, S.; Süsskind, D.; Anastassiou, G.; Freistühler, M.; Meller, D.; Zeschnigk, M.; Steuhl, K.P.; Bornfeld,
N.; Schmid, K.W.; et al. Expression of MCSP and PRAME in conjunctival melanoma. Br. J. Ophthalmol. 2010, 94, 1322–1327.
[CrossRef] [PubMed]

46. Field, M.G.; Decatur, C.L.; Kurtenbach, S.; Gezgin, G.; van der Velden, P.A.; Jager, M.J.; Kozak, K.N.; Harbour, J.W. PRAME as an
Independent Biomarker for Metastasis in Uveal Melanoma. Clin. Cancer Res. 2016, 22, 1234–1242. [CrossRef]

47. LeBlanc, R.E.; Miller, D.M.; Zegans, M.E. PRAME immunohistochemistry is useful in the evaluation of conjunctival melanomas,
nevi, and primary acquired melanosis. J. Cutan. Pathol. 2021, 8, 1442–1448. [CrossRef] [PubMed]

48. Umano, G.R.; Errico, M.E.; D’Onofrio, V.; Delehaye, G.; Trotta, L.; Spinelli, C.; Strambi, S.; Franco, R.; D’Abbronzo, G.; Ronchi, A.;
et al. The Challenge of Melanocytic Lesions in Pediatric Patients: Clinical-Pathological Findings and the Diagnostic Value of
PRAME. Front. Oncol. 2021, 11, 688410. [CrossRef] [PubMed]

49. Muto, Y.; Fujimura, T.; Kambayashi, Y.; Ohuchi, K.; Amagai, R.; Hashimoto, A.; Aiba, S. Metastatic PRAME-Expressing Juvenile
Spitzoid Melanoma on the Buttock. Case Rep. Oncol. 2020, 13, 1141–1144. [CrossRef]

50. Tio, D.; Willemsen, M.; Krebbers, G.; Kasiem, F.R.; Hoekzema, R.; van Doorn, R.; Bekkenk, M.W.; Luiten, R.M. Differential
Expression of Cancer Testis Antigens on Lentigo Maligna and Lentigo Maligna Melanoma. Am. J. Dermatopathol. 2020, 42, 625–627.
[CrossRef] [PubMed]

51. Raghavan, S.S.; Wang, J.Y.; Toland, A.; Bangs, C.D.; Rieger, K.E.; Novoa, R.A.; Charville, G.W.; Brown, R.A. Diffuse PRAME
expression is highly specific for malignant melanoma in the distinction from clear cell sarcoma. J. Cutan. Pathol. 2020, 47,
1226–1228. [CrossRef] [PubMed]

52. Šekoranja, D.; Hawlina, G.; Pižem, J. PRAME expression in melanocytic lesions of the conjunctiva. Histopathology 2021, 79,
989–996. [CrossRef]

53. Googe, P.B.; Flanigan, K.L.; Miedema, J.R. Preferentially Expressed Antigen in Melanoma Immunostaining in a Series of
Melanocytic Neoplasms. Am. J. Dermatopathol. 2021, 43, 794–800. [CrossRef] [PubMed]

54. Gill, P.; Prieto, V.G.; Austin, M.T.; Giubellino, A.; Torres-Cabala, C.A. Diagnostic utility of PRAME in distinguishing proliferative
nodules from melanoma in giant congenital melanocytic nevi. J. Cutan. Pathol. 2021, 48, 1410–1415. [CrossRef]

55. Alomari, A.K.; Tharp, A.W.; Umphress, B.; Kowal, R.P. The utility of PRAME immunohistochemistry in the evaluation of
challenging melanocytic tumors. J. Cutan. Pathol. 2021, 48, 1115–1123. [CrossRef] [PubMed]

http://doi.org/10.1016/j.sder.2010.10.004
http://www.ncbi.nlm.nih.gov/pubmed/21277534
http://doi.org/10.3390/cancers14010003
http://www.ncbi.nlm.nih.gov/pubmed/35008167
http://doi.org/10.1111/cup.13958
http://www.ncbi.nlm.nih.gov/pubmed/33433032
http://doi.org/10.1111/cup.13818
http://www.ncbi.nlm.nih.gov/pubmed/32700786
http://doi.org/10.1007/s00417-019-04335-w
http://www.ncbi.nlm.nih.gov/pubmed/31065847
http://doi.org/10.1016/j.ajo.2018.07.045
http://www.ncbi.nlm.nih.gov/pubmed/30092184
http://doi.org/10.1016/j.oraloncology.2021.105500
http://www.ncbi.nlm.nih.gov/pubmed/34452831
http://doi.org/10.1016/j.humpath.2021.11.002
http://www.ncbi.nlm.nih.gov/pubmed/34800527
http://doi.org/10.1111/cup.14130
http://www.ncbi.nlm.nih.gov/pubmed/34476825
http://doi.org/10.1001/jamaophthalmol.2017.0729
http://www.ncbi.nlm.nih.gov/pubmed/28448663
http://doi.org/10.1097/PAI.0000000000000972
http://www.ncbi.nlm.nih.gov/pubmed/34508017
http://doi.org/10.1111/his.14312
http://www.ncbi.nlm.nih.gov/pubmed/33280156
http://doi.org/10.1111/cup.13916
http://www.ncbi.nlm.nih.gov/pubmed/33184871
http://doi.org/10.1097/DAD.0000000000002128
http://doi.org/10.1136/bjo.2009.167445
http://www.ncbi.nlm.nih.gov/pubmed/20805128
http://doi.org/10.1158/1078-0432.CCR-15-2071
http://doi.org/10.1111/cup.14078
http://www.ncbi.nlm.nih.gov/pubmed/34089198
http://doi.org/10.3389/fonc.2021.688410
http://www.ncbi.nlm.nih.gov/pubmed/34195089
http://doi.org/10.1159/000510261
http://doi.org/10.1097/DAD.0000000000001607
http://www.ncbi.nlm.nih.gov/pubmed/32701706
http://doi.org/10.1111/cup.13812
http://www.ncbi.nlm.nih.gov/pubmed/32681554
http://doi.org/10.1111/his.14452
http://doi.org/10.1097/DAD.0000000000001885
http://www.ncbi.nlm.nih.gov/pubmed/33989214
http://doi.org/10.1111/cup.14091
http://doi.org/10.1111/cup.14000
http://www.ncbi.nlm.nih.gov/pubmed/33660310


Genes 2022, 13, 545 9 of 9

56. Fattori, A.; de la Fouchardière, A.; Cribier, B.; Mitcov, M. Preferentially expressed Antigen in MElanoma immunohistochemistry
as an adjunct for evaluating ambiguous melanocytic proliferation. Hum. Pathol. 2022, 120, 9–17. [CrossRef]

57. Gassenmaier, M.; Hahn, M.; Metzler, G.; Bauer, J.; Yazdi, A.S.; Keim, U.; Garbe, C.; Wagner, N.B.; Forchhammer, S. Diffuse PRAME
Expression Is Highly Specific for Thin Melanomas in the Distinction from Severely Dysplastic Nevi but Does Not Distinguish
Metastasizing from Non-Metastasizing Thin Melanomas. Cancers 2021, 13, 3864. [CrossRef]

58. Agrawal, R.; Tso, S.; Eltigani, E.A.; Busam, K.J.; Taibjee, S.M.; Carr, R.A. PRAME immunohistochemistry as an adjunct in the
diagnosis of paucicellular lentigo maligna in a young man. Br. J. Dermatol. 2021, 184, e122. [CrossRef]

59. Farah, M.; Chung, H.J. Diagnostic utility of preferentially expressed antigen in melanoma immunohistochemistry in the evaluation of
melanomas with a co-existent nevoid melanocytic population: A single-center retrospective cohort study. J. Am. Acad. Dermatol. 2021.
[CrossRef]

60. Lopez, D.R.; Forcucci, J.A.; O’Connor, H.; Maize, J.C. PReferentially expressed antigen in MElanoma (PRAME) expression in
BRCA1-associated protein (BAP1)-inactivated melanocytic tumors and deep penetrating nevi: A pilot study. J. Cutan. Pathol.
2021, 48, 597–600. [CrossRef] [PubMed]

61. Lezcano, C.; Jungbluth, A.A.; Busam, K.J. Comparison of Immunohistochemistry for PRAME with Cytogenetic Test Results in the
Evaluation of Challenging Melanocytic Tumors. Am. J. Surg. Pathol. 2020, 44, 893–900. [CrossRef]

62. Krajisnik, A.; Gharavi, N.M.; Faries, M.B.; Balzer, B.L.; Frishberg, D.P.; Martelli, M.; Shon, W. Immunohistochemistry for
Preferentially Expressed Antigen in Melanoma in the Differential Diagnosis of Melanocytic Lesions of the Nail Apparatus. Am. J.
Dermatopathol. 2022, 2. [CrossRef] [PubMed]

63. Lee, Y.K.; Park, U.H.; Kim, E.J.; Hwang, J.T.; Jeong, J.C.; Um, S.J. Tumor antigen PRAME is up-regulated by MZF1 in cooperation
with DNA hypomethylation in melanoma cells. Cancer Lett. 2017, 403, 144–151. [CrossRef] [PubMed]

64. Sakurai, E.; Maesawa, C.; Shibazaki, M.; Yasuhira, S.; Oikawa, H.; Sato, M.; Tsunoda, K.; Ishikawa, Y.; Watanabe, A.; Takahashi, K.;
et al. Downregulation of microRNA-211 is involved in expression of preferentially expressed antigen of melanoma in melanoma
cells. Int. J. Oncol. 2011, 39, 665–672. [PubMed]

65. Field, M.G.; Durante, M.A.; Decatur, C.L.; Tarlan, B.; Oelschlager, K.M.; Stone, J.F.; Kuznetsov, J.; Bowcock, A.M.; Kurtenbach, S.;
Harbour, J.W. Epigenetic reprogramming and aberrant expression of PRAME are associated with increased metastatic risk in
Class 1 and Class 2 uveal melanomas. Oncotarget 2016, 7, 59209–59219. [CrossRef] [PubMed]

66. Xu, Y.; Zou, R.; Wang, J.; Wang, Z.W.; Zhu, X. The role of the cancer testis antigen PRAME in tumorigenesis and immunotherapy
in human cancer. Cell Prolif. 2020, 53, e12770. [CrossRef] [PubMed]

67. Toyama, A.; Siegel, L.; Nelson, A.C.; Najmuddin, M.; Bu, L.; LaRue, R.; Henzler, C.; Caicedo-Granados, E.; Giubellino, A.; Li, F.
Analyses of molecular and histopathologic features and expression of PRAME by immunohistochemistry in mucosal melanomas.
Mod. Pathol. 2019, 32, 1727–1733. [CrossRef] [PubMed]

68. Hayward, N.K.; Wilmott, J.S.; Waddell, N.; Johansson, P.A.; Field, M.A.; Nones, K.; Patch, A.M.; Kakavand, H.; Alexandrov, L.B.;
Burke, H.; et al. Whole-genome landscapes of major melanoma subtypes. Nature 2017, 545, 175–180. [CrossRef] [PubMed]

69. Li, J.; Yin, J.; Zhong, J.; Yang, Z.; Tang, A.; Li, S. Clinicopathological and Prognostic Significance of PRAME Overexpression in
Human Cancer: A Meta-Analysis. BioMed. Res. Int. 2020, 2020, 8828579. [CrossRef] [PubMed]

http://doi.org/10.1016/j.humpath.2021.12.008
http://doi.org/10.3390/cancers13153864
http://doi.org/10.1111/bjd.19599
http://doi.org/10.1016/j.jaad.2021.10.035
http://doi.org/10.1111/cup.13905
http://www.ncbi.nlm.nih.gov/pubmed/33094849
http://doi.org/10.1097/PAS.0000000000001492
http://doi.org/10.1097/DAD.0000000000002143
http://www.ncbi.nlm.nih.gov/pubmed/35120028
http://doi.org/10.1016/j.canlet.2017.06.015
http://www.ncbi.nlm.nih.gov/pubmed/28634046
http://www.ncbi.nlm.nih.gov/pubmed/21687938
http://doi.org/10.18632/oncotarget.10962
http://www.ncbi.nlm.nih.gov/pubmed/27486988
http://doi.org/10.1111/cpr.12770
http://www.ncbi.nlm.nih.gov/pubmed/32022332
http://doi.org/10.1038/s41379-019-0335-4
http://www.ncbi.nlm.nih.gov/pubmed/31375769
http://doi.org/10.1038/nature22071
http://www.ncbi.nlm.nih.gov/pubmed/28467829
http://doi.org/10.1155/2020/8828579
http://www.ncbi.nlm.nih.gov/pubmed/33381588

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

