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Dermatopathology and Associated Laboratory Investigations in the Study of Skin Disease


The diagnosis of skin disease requires both clinical and pathological expertise, which subsequently define the laboratory tests required. Central to these investigations is the biopsy, allowing key architectural features of the skin disease to be analysed, emphasizing the importance of dermatopathology to the treatment of skin disorders. In addition, and frequently of vital importance, is a range of laboratory procedures and tests that sit outside the realms of routine dermatopathology and which assist in the diagnosis and aid in the patient management of skin disease.

This Special Issue includes a number of review papers, original articles and short innovation communications. These articles explore why dermatopathology is often key in the diagnosis of skin disease and also explain its relationship and important links to other specialised laboratory services that help define and classify cutaneous disorders.
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Editorial on the Special Issue 
Dermatopathology and Associated Laboratory Investigations in the Study of Skin Disease


In this Special Issue for the British Journal of Biomedical Science we see a mixture of papers, some original articles, some case studies and some reviews. All of these articles seek to contribute to the understanding and advancement in knowledge acquisition into the subject of dermatopathology and associated laboratory-based investigations in the study of skin disease. Each paper in this Special Issue deals with particular aspects on laboratory-based investigations into a wide range of skin diseases dealing with both inflammatory and cancerous conditions. Each of these papers in turn discusses current practice and techniques and shows how these can help define and identify a myriad of differing conditions. This Special Issue shows the importance of clinic-pathological correlation which is so well entrenched in the discipline of dermatopathology.
Howell presents an overview of dermatopathology and the identification of fungal infections employing mycological techniques and explains how they are so closely linked. In the study of subcutaneous skin infectious fungal disease, the histological techniques evaluate a skin biopsy, which defines the inflammatory process and may highlight and direct mycological culture investigations into an infectious cause or foreign body type reaction. This demonstrates the importance of how these two disciplines interact to confirm a definite cause of a fungal infection’s states. Howell’s review goes on to explain the value of histopathological special stains such as periodic acid–Schiff (PAS) and Grocott and Gomori Methanamine Silver (GMS)which greatly improve the detection of fungal elements. Although, careful morphological examination of the tissue in combination with the relevant clinical history can indicate the type of fungal infection, it cannot indicate the causative species. Culture techniques are still vital to define fungal species and through this approach determine the course of treatment needed. Howell’s review also introduces the growing development of new molecular based diagnostic approaches to deliver faster diagnostic outcomes.
A case report and subsequent review by Orchard deals with a common inflammatory state involving Gout in a 73-year-old man, but, as in this case, unusually associated with AA amyloidosis. The paper explains the common dermatological findings of a cutaneous episode of a gout tophus and describes the classical macroscopic and dermatopathological features found. The identification of AA amyloid is described. AA amyloid is associated with chronic inflammatory changes and is often associated with deposits in the urine as well as tissue involvement. A review of only 16 previously reported cases in the literature of gout associated with AA is discussed investigating possible associations between the pathophysiology of these two processes. The paper also explores the evidence of the early use of anti-inflammatory drugs like colchicine before gout tophi formation as a mechanism to prevent the formation of AA amyloidosis.
Gabriel et al.’s original investigative paper evaluates the introduction of a new mordant based haematoxylin dye (Haematoxylin X) for use in clinical pathology. In this comparative study conventionally used alum based haematoxylins (Carazzi’s, Harris’ and Mayer’s) are compared to the new chromium based mordant Haematoxylin X on formalin fixed paraffin embedded tissue (FFPE) sections taken from a selection of normal and pathological skin tissue types, along with tissue sampled from a wide host of other organ sites. The new Haematoxylin X was also compared with use as a counterstain in both special stains and immunohistochemistry and in cases of frozen section Mohs procedures. In terms of sensitivity and specificity scores on FFPE Haematoxylin X was rated second behind Harris haematoxylin. However, assessments of frozen Mohs section staining demonstrated that Haematoxylin X scored the highest in terms of both sensitivity and specificity and was an effective counterstain in some special staining techniques and also as a counterstain haematoxylin for immunohistochemical techniques.
Following on from the use of conventional haematoxylin staining we have Mee’s review on the use of immunoflourescent (IMF) techniques in the study of autoimmune blistering diseases. In the review Mee highlights the fact that there is often significant overlap in clinical appearances in patients with cutaneous autoimmune states affecting the basement membrane zone (BMZ), with diagnosis often dependent on the identification and the detection and characterisation of specific autoantibodies. IMF provides the “gold standard” diagnostic approach in such scenario’s identifying either tissue bound autoantibodies investigated from biopsies taken from lesion and perilesional sites of blistered affected skin, termed direct IMF or from circulating antibodies found within the patient’s serum termed indirect IMF. Following on from this the characterisation of numerous antigenic targets in these group of diseases has involved the development of antigen specific tests most notably those based on enzyme-linked immunosorbent assays on serum from affected patients. Mee explains that by the use of all three of these approaches to the study of affected skin tissue and patient serum provides, evidence to define the autoimmune blistering disease process and thus establish the opitmal treatment regime to follow can be defined, as some of these conditions do also have an association and increased risk of malignancy.
Continuing on the theme of malignancy Salih et al.’s original paper on the use of a double labelling technique involving Prame and MelanA in cases of FFPE tissue sections in cutaneous slow Mohs tissue to assess cases of Lentigo Maligna (LM) and Lentigo Maligna Melanoma (LMM) highlights a novel and useful adjunct technique to assist in the evaluation of margin clearance in such cases. Morphological examination of surgical margin clearance is key to determining successful treatment in LM/LMM in slow Mohs cases. The use of preferentially expressed antigen in melanoma (Prame) to assist in such assessments is gaining in popularity. A total of 51 slow Mohs cases of LM/LMM were evaluated using the double labelling technique and compared to single labelling techniques. The results indicated that there was a high concordance between double labelling and single labelling techniques across the samples assessed. The Prame single labelling technique exhibited a sensitivity of 91.3% in slow Mohs cases with a 67.9% concordance in histologically confirmed positive margins. The study highlights the utility for the use of Prame immunohistochemistry and also Prame double labelling techniques as an adjunct to the assessment of LM/LMM in staged slow Mohs cases.
Finally, to finish off this special issue, Gabriel et al. have a narrative review of molecular, immunohistochemical and in situ techniques in dermatopathology. The review highlights the significant impact of skin disorders generally within the wider global population, highlighting how it can affect millions of individuals across diverse demographics. More recent advancements in molecular techniques have improved our understanding of the underlying mechanisms of skin disorders generally along with significant improvements in the application of molecular diagnostic testing in clinical practice. Immunohistochemistry and fluorescence in situ hybridisation have also played their part in determining protein expression patterns and in detecting chromosomal abnormalities, which in turn help characterise skin lesions in conjunction with the molecular data. This review explores the scope and range of these techniques, it highlights the combined approaches within dermatopathology, with a clear focus on cutaneous malignancies, autoimmune diseases, infectious diseases and neonatal screening approaches, which can be employed in both a diagnostic setting and also to aid in the improvement of patient treatment regimes. Gabriel et al explain the steady rise in molecular technology applications within the field of dermatopathology, but emphasises the importance of international collaboration to test the application of these technologies thoroughly before they become widely accepted in clinical use. This in conjunction with the requirement to comply with in vitro diagnostic regulations throughout Europe plus the constant need in investment in novel equipment which will assist in the evaluation of increasing numbers of molecular biomarkers remain key challenges for the future. Gabriel et al concludes by stating that molecular techniques represent a vital tool in the clinicopathological correlation of skin disease states generally and will enhance the information acquired from conventional light microscopic studies.
These six papers, covering a wide range of differing subject matter, technological advances and varied methodologies highlight the scope and importance of why dermatopathology is often key in the diagnosis of skin disease and also explain its relationship and importance to links with other specialised laboratory services that help define and characterise cutaneous disorders.
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Skin disorders pose a significant health burden globally, affecting millions of individuals across diverse demographics. Advancements in molecular techniques have revolutionised our understanding of the underlying mechanisms of skin disorders, offering insights into their pathogenesis, diagnosis, and potential targeted treatment. Furthermore, the integration of molecular diagnostics into clinical practice has enhanced the accuracy of skin disorder diagnoses. Polymerase chain reaction (PCR), next-generation sequencing (NGS), and other molecular assays have allowed for the detection of infectious agents, assessment of genetic mutations, and profile gene expression patterns with unequalled precision. These techniques have proven instrumental in distinguishing between subtypes of skin cancers, aiding treatment strategies and prognostic assessments. Moreover, molecular profiling is increasingly guiding the selection of therapeutic agents, ensuring a personalised and effective approach to managing skin disorders. The application of PCR has revolutionised the field by enabling the identification of microbial DNA (i.e., Mycobacterium tuberculosis and Epstein-Barr Virus) in skin infections and detecting specific genetic mutations associated with dermatological disorders (e.g., BRAF). DNA sequencing technologies, such as next-generation sequencing, have facilitated the elucidation of genetic variations and mutations in skin diseases (i.e., bullous disorders), paving the way for personalised treatment approaches. Gene expression profiling techniques, such as microarrays and RNA sequencing, have provided insights into dysregulated pathways and molecular signatures associated with conditions ranging from inflammatory skin disorders to cutaneous malignancies. Immunohistochemistry and fluorescence in situ hybridization have proven invaluable in determining protein expression patterns and detecting chromosomal abnormalities, respectively, aiding in the characterization of skin lesions in conjunction with the molecular data. Proteomic studies have contributed to understanding the intricate protein networks involved in dermatological conditions (i.e., psoriasis), while epigenetic analyses have shed light on the role of epigenetic modifications in gene regulation within skin cancer (i.e., Malignant Melanoma). Together, these molecular techniques have laid the groundwork for targeted therapies and precision medicine in dermatology, with implications for improved diagnostics and treatment outcomes. This review focuses on the routinely employed molecular techniques within dermatopathology, with a focus on cutaneous malignancies, autoimmune diseases, infectious diseases, and neonatal screening which can be implemented in the diagnosis and contribute to improved patient care.
Keywords: dermatopathology, PCR, NGS, molecular techniques, cutaneous disorders
INTRODUCTION
Good clinico-pathological correlation is the basis for the study of skin diseases. There are few clinical investigations that are primarily based around the information acquired through the clinical appearance of a dermatological process often only employing naked eye assessments. However the information gained can be highly informative and directs differential diagnoses when correlated with morphological characteristics and patterns discerned through microscopic assessments. These subsequent microscopic assessments often utilise sophisticated techniques that inform on protein or RNA/DNA expression.
Molecular techniques progress this level of information and have steadily increased in terms of their applications within dermatopathology as they are often a prerequisite for any personalised medicine approach to patient treatment and management. Molecular techniques are based on the assessment of DNA, RNA and proteins to identify and classify disease states. But they also have a predictive and prognostic significance, ultimately playing a key role in the development of personalised medicine and patient management therapies. As the consistency and reliability of molecular assays are expanding in diagnostic settings, it is no longer a technology that is solely employed in large referral centres, but more appropriately utilised in most medical institutions. It is also the case that molecular techniques are now increasingly automated, increasingly reliable and accurate, coupled with a general affordability resulting in an increase in their application in point of care testing strategies [1].
In this review on molecular techniques in dermatopathology we discuss the key emerging technologies and discuss their applications within the context of cutaneous malignancies, autoimmune diseases, infectious diseases [2] as well as neonatal screening.
MELANOCYTIC LESIONS (MALIGNANT MELANOMA)
Cutaneous melanoma is a malignant neoplasm that arises in the cells of the epidermis referred to as melanocytes. Melanocytes are responsible for producing melanin pigment and are predominately found in skin but are also found in the ears, eyes (Uvea), gastrointestinal tract, leptomeninges, genital, oral and sinonasal mucosal membranes [3]. The majority of melanoma cases are due to cutaneous malignancies (>90% diagnoses), with mucosal and uveal melanomas occurring less frequently (<15% diagnoses with country specific variation) [3]. The vast majority of cutaneous melanomas arise due to molecular changes induced by exposure to ultra-violet radiation, there are several rarer subtypes that are not [4]. The incidence of melanoma has increased in the recent decades with approximately 25 new cases per 100,000 in Europe and 30 cases per 100,000 in the USA [3]. The gold standard for the diagnosis of melanoma is through the morphological assessment of histological sections. However, with the development of molecular diagnostics techniques which assess and highlight genetic and epigenetic alterations, they have provided adjunctive diagnostic information for risk stratifying melanocytic lesions of uncertain malignant potential. Some good examples of this include fluorescent in-situ hybridisation (FISH), comparative genomic hybridisation (CGH), gene expression profiling, as well as targeted immunohistochemical assays.
Comparative Genomic Hybridisation
CGH is utilised to detect chromosomal copy number variation (gains and loses) throughout the genome [5]. There are two main variations to this technique; classic and array-based CGH [5].
Classic CHG involves the analysis of lesional neoplastic tissue extracted from paraffin embedded histological sections [5, 6]. The tumour and normal human reference tissue samples are labelled using differently labelled fluorochromes, mixed in a 1:1 ratio [5–7]. The samples are then denatured and hybridised onto a substrate of normal metaphase chromosomes [5–7]. Following these steps the samples are visualised using fluorescent microscopy and analysed using computer software to compare the differential signal expression along the length of each chromosome [5, 6]. The relative wavelength observed is reflective of the proportion of tumour compared to normal DNA and can be used to detect gains and losses of DNA material [5, 8, 9].
Array-based CHG utilises arrayed artificial genomic clones as a substrate instead of normal metaphase chromosomes. This resulted in improved resolution, assay robustness and reproducibility compared to the classic CGH [5, 6]. On the array the dots correlate to genomic DNA from a specific locus and the number dots relates to the resolution [5, 6]. This assay depending on the platform can either be co-hybridizing the tumour and normal DNA onto the assay (like the classic CHG) or by hybridising only tumour DNA [5, 6]. With the latter method the copy number for a certain locus is determined by comparing the signal intensity of the tumour against a reference from a control series of non-tumour tissue [5, 6].
Single -nucleotide polymorphism (SNP) arrays is an alternative to CGH. SNP arrays utilises probed loci to bind to known SNPs and each genomic locus is represented by two spots on the array corresponding to the two alleles [5]. The SNP arrays provide an advantage due to its ability to detect loss of heterozygosity and detect allelic ratio [5]. As well as that SNP can also detect selected point mutations [5]. Recent protocol developments utilising molecular inversion probes (MIP) that require low quantities of tumour DNA from formalin fixed paraffin embedded (FFPE) tissue have been developed [5]. MIP are 40 bp in size, which allows for the evaluation of degraded DNA [5].
Although initial applications of CGH to melanoma primarily focused on metastatic tissue, subsequent literature has shown that CGH can also be beneficial in distinguishing benign melanocytic naevi and from primary cutaneous melanoma. Bastian et al were among the first to demonstrate this, showing that CGH had a sensitivity of 94.8% and a specificity of 90.4% in differentiating unequivocally benign melanocytic variants, including congenital, blue, and spitz naevi, from malignant melanoma [10]. They found that chromosomal aberrations were detected at a higher rate in melanoma compared to naevi [6].
Fluorescence In Situ Hybridization (FISH)
Fluorescence in situ hybridization (FISH) is a technique used to detect alterations in chromosomal copy numbers at predetermined genomic loci [5]. This technique allows for the identification of various chromosomal changes, such as entire chromosome gains or losses, targeted loci alterations, loss of heterozygosity, and homozygous deletions [5]. The FISH methodology involves the generation and hybridisation of single stranded fluorescently labelled DNA probes which contain the gene of interest onto formalin fixed paraffin embedded, fresh or frozen tissue sections [5]. After the completion of several processing steps the results are examined and quantified microscopically [5]. FISH offers many advantages including less tissue requirement, faster turnaround times and direct visualisation of cells of interest [5]. However, the technique is limited to only targeted genes, potentially missing relevant alterations in genes not included in the assay [6].
A study by Gerami et al identified a panel of probes for 6p25 (RREB1), 6q23 (MYB), 11q13 (CCND1) and centromere 6 (CEP6) when used in combination assisted in differentiating between melanomas and naevi with a sensitivity of 86.7% and specificity of 95.4% [11]. In melanomas this probe set panel identified interchromsomal rearrangement in chromosome 6 with gains in 6p25 (RREB1) and loses in 6q23 (MYB), as well as common gains in 11q13 (CCND1) [11]. The FISH analysis is performed by evaluating 30 adjacent cell nuclei and calculating the percentage of nuclei where there is a gain in 6p25, 11q13 and a loss of 6q23 compared with CEP6 relative to validated cut-off values and the test result is considered positive if this is observed [11]. Although FISH exhibits high sensitivity and specificity in differentiating primary cutaneous melanomas from benign naevi [12, 13], its reliability in histologically ambiguous melanocytic tumours is variable [14].
Gene Expression Profiling
Several innovative quantitative gene expression profiling platforms have emerged as supplementary diagnostic tools for evaluating melanocytic tumours. Examples of these technologies include the DecisionDx-Melanoma (Castle Biosciences, Friendswood, Texas), myPath Melanoma (Castle Biosciences, Friendswood, Texas) and Pigmented Lesion assay (DermTech, Inc., La Jolla, California) which utilises algorithmic analysis of RNA based gene expression profiles using tape stiped or biopsied patient tissue samples.
DecisionDx-Melanoma (Castle Biosciences, Friendswood, Texas) is a test produced by Castle Bioscience which is utilised for assessing the risk of metastatic disease in patients who have already been diagnosed with melanoma [15]. The test employs a messenger RNA based gene expression profile using reverse transcription polymer chain reaction [15]. The DecisionDx-Melanoma 31 GEP assay is made up of 28 genes that provides insight into prognostic potential and 3 control genes [15]. The gene panel was devised by identifying genes that over expressed and under expressed from publicly available dataset on metastatic melanoma [15]. The assay aims to provide insight into the likelihood of regional lymph node spread and overall disease survival [15]. By stratifying patients, it allows the identification of low risk patient groups that may not have to undergo invasive lymph node biopsies [15]. The assay classifies the patient results into two main groups, either as low risk (class 1) or high risk (class 2) [15].
The myPath Melanoma (Castle Biosciences, Friendswood, Texas) assay is a test that utilises a quantitative polymer chain reaction to aid in differentiating malignant melanoma from benign naevus in histologically ambiguous lesions [16]. The assay measures the expression of 23 genes (14 melanoma signature and 9 reference genes) and the level of signature genes and reference genes is evaluated [16]. The final result generated is a quantitative result ranging from −16.7 to 11.1 with a range between 16.7 and -2.1 classified as benign, −2.0 to −0.1 classified as intermediate and 0.0 to +11.1 classified as likely malignant [16]. Studies evaluating the myPath test have validated the GEP 23 as reliably differentiating ambiguous melanocytic lesions [16]. Clarke et al evaluated 1,400 melanocytic lesions as part of a prospectively submitted sample study [16]. The samples were evaluated histologically by three dermatopathologists and only samples which had diagnostic concordance of benign or malignant were included [16]. Results for sensitivity and specificity were generated to assess the score generated and the pathological diagnosis [16]. The gene expression signature differentiated benign naevi from malignant melanoma with a sensitivity of 91.5% and a specificity of 92.5% [16].
The Pigmented Lesion assay (DermTech, Inc., La Jolla, California) is a non-invasive gene expression test which utilises tape stripping of lesions to obtain stratum corneum from which RNA is then isolated [17]. From the isolated RNA the expression level of PRAME (preferentially expressed antigen in melanoma) and LINC 518 (long intergenic non-coding RNA 518) are evaluated [17]. Lesions expressing high levels of both PRAME and LINC518, either PRAME or LINC518 or neither correlates with high, moderate, or low risk of the lesions being malignant melanoma [17]. A study conducted by Gerami et al validating the PLA analysed 398 pigmented lesions (87 melanomas and 311 nonmelanomas), PLA was able to accurately differentiate with a sensitivity of 91% and a specificity score of 69% [18].
Molecular tests are used to predict response to immunotherapeutic drugs are usually utilised for patients with high stage tumour. Currently there are multiple therapeutic targets in melanoma with inhibitors which include the MAPK pathway, MEC and KIT [19–21].
The use of targeted therapies relies on the detection of an activation mutation on the BRAF gene [19, 20]. This is due to the fact that the use of these therapies without the genetic mutation can in turn lead to activation of the MAPK pathway [19, 20]. Another mutation encountered in melanoma is the NRAS- mutation which is found in 20% nonacral melanomas [22]. Currently, there are no effective targeted immunotherapy treatments for NRAS mutations, trials of MEK combined with cyclin dependent kinase 4/6 (CDK4/6) are be conducted to determine efficacy with this mutation [21]. A mutation encountered more commonly in acral and mucosal melanoma is the KIT mutation and these patients may benefit from the use of KIT inhibitors [21]. The detection of the BRAF, NRAS and KIT gene mutations are usually determined using next-generation sequencing and the positive detection is required for the consideration of inhibitory therapy [19–21].
Immunohistochemistry
The histological morphology of Melanomas can mimic a wide range of tumours including poorly differentiated carcinomas, lymphomas, sarcomas and germ cell tumours [23]. Melanoma cell morphologically can appear spindled or epithelioid with diverse cytoplasmic morphologies as rhabdoid, signet ring, clear cell, plasmacytoid and balling in appearance [23]. Immunohistochemistry (IHC) remains a very important adjunct tool in differentiating melanoma from other tumour types that they mimic. Commonly utilised markers for assessing melanocytic lesions include S100, PRAME, MART-1/Melan A, HMB45, Sox-10, MITF and Tyrosinase [23] (See Figure 1). Furthermore, IHC remains a useful tool in identifying genomic events that can aid in differentiating between tumour subtypes, these markers include BRAFV600E, Beta Catenin, PRKAR1, BAP1, ALK, PAN-TRK, NRASQ61R [24, 25]. The use of these markers is shown in Table 1.
[image: Figure 1]FIGURE 1 | Immunohistochemical labelling of malignant melanoma in histological sections. (A) Haematoxylin and Eosin staining of skin section showing malignant melanoma (×20 magnification). (B) Anti-ALK1 expression in a melanocytic spitzoid tumour (×20 magnification). (C) Ant-BAP1 expression in in BAP1 inactivated melanocytic tumour (×20 magnification). (D) Anti-BRAFV600E expression in nodular malignant melanoma (×20 magnification). (E) Anti-HMB45 expression in superficial spreading melanoma (×20 magnification). (F) Anti-Melan A/MART1 expression in superficial spreading melanoma (×20 magnification). (G) Anti-PRAME expression in superficial spreading melanoma (×40 magnification). (H) Anti-S100 expression in superficial spreading melanoma (×20 magnification). (I) Anti-SOX10 expression in superficial spreading melanoma (×20 magnification).
TABLE 1 | Immunohistochemistry tests used in identifying the subtype of melanocytic tumours [7].
[image: Table 1]CUTANEOUS LYMPHOMA (INCLUDES DISCUSSIONS ON LIQUID BIOPSY AND NGS)
Lymphomas encompass a heterogeneous array of malignancies originating from the clonal proliferation of B-cell, T-cell, and natural killer (NK) cell populations within lymphocytes at different developmental stages. These malignancies collectively represent approximately 4.3% of all cancer cases in the UK; on average between 2016–2018 [26]. Lymphoma is classified into two main types; Hodgkin’s lymphoma (HL) and non-Hodgkin’s lymphoma (NHL). The estimated overall survival rate of 10 or more years for patients diagnosed with HL stands at 75% and NHL at 55% [26].
Up to 95% of Hodgkin’s lymphoma are classic Hodgkin’s lymphoma (CHL) and the rest are subdivided into four categories, each characterized by the presence of atypical cells known as Reed-Sternberg cells. These cells originate from B lymphocytes that undergo malignant transformation [27].
Although recent years have seen advancements in understanding the genetic makeup of CHL and nodular lymphocyte-predominant Hodgkin/B-cell lymphoma, mutational profiling currently lacks practical diagnostic significance [28]. Notably, modern protocols allow for the detection of B-cell clonality in a considerable subset of cases, rendering clonality studies ineffective in distinguishing Hodgkin lymphoma from other B-cell lymphomas with CHL-like morphology [28]. In contrast, identifying T-cell clonality and mutations characteristic of Follicular helper T-cell lymphoma may assist in distinguishing T-cell lymphomas with Reed-Sternberg cells from CHL [29].
Non-Hodgkin lymphoma (NHL) is a cancer of the lymphatic system. Diffuse large Bcell lymphoma and follicular lymphoma are among the most common subtypes in non- Hodgkin’s lymphoma, additionally there are more than 60 different types of nonHodgkin lymphoma [26].
T-cell and natural killer (NK)-cell neoplasms are relatively uncommon, comprising approximately 12% of non-Hodgkin lymphomas (NHL) collectively [30]. Despite their rarity, molecular assessment is commonly employed in clinical practice for most T-cell lymphoproliferations. This diagnostic necessity arises because T cells lack a definitive immunophenotypic marker of clonality, comparable to the kappa and lambda antigen receptor immunophenotyping in B cells, thereby necessitating the use of molecular techniques [31]. Specifically, clinical testing of T-cell lymphomas (TCL) typically involves two main categories of molecular changes: T-cell receptor (TCR) gene rearrangements and chromosomal alterations such as translocations, insertions, or deletions [32].
Additionally, as biopsies become smaller in size, distinguishing between neoplastic and reactive T-cell infiltrates based on immunomorphological criteria is becoming increasingly challenging [31]. To address this issue, molecular techniques such as multiplex polymerase chain reaction (PCR) assays to evaluate T-cell receptor (TCR) gene rearrangements have become widely adopted in daily clinical practice [31].
Multiplex PCR refers to a method employed to amplify numerous distinct genetic loci using multiple PCR primer pairs within a single reaction [28]. This technique enables the simultaneous addressing of various related inquiries about a specimen, eliminating the necessity for multiple individual PCR steps [28]. These individual PCR steps typically involve preparing separate reactions for each target sequence, each with its own set of primers and optimized conditions [28]. It is frequently utilized to confirm the presence of amplifiable nucleic acid in the sample [28].
Most T lymphocytes possess α: β heterodimeric T-cell receptors (Figure 2); however, a subset expresses a unique γ: δ T-cell receptor comprised of distinct antigen-recognition chains, γ and δ, which are arranged in a γ: δ heterodimer [32]. These cells, characterized by such receptors, are referred to as γ: δ T cells. The TCR gene rearrangements occurs in these loci, and commonly analysed in dermatopathology using PCR [32] (Figure 3). Table 2 outlines the classification of Cutaneous TCell and B-Cell lymphomas, along with the known genetic abnormalities in each subset of cutaneous lymphoma. Additionally, clinical features and diagnostic immunohistochemical markers used in conjunction with molecular testing to confirm the diagnosis are provided. In most cases, immunohistochemistry (IHC) plays a crucial role in refining the diagnosis before molecular testing is conducted to pinpoint the specific diagnosis.
[image: Figure 2]FIGURE 2 | Immunohistochemical labelling of cutaneous lymphoma in histological sections. (A) Anti - Alpha Beta TCR expression in mycosis fungoides tissue section (X20) (B) Anti - Gama Delta TCR expression in mycosis fungoides tissue section (X20).
[image: Figure 3]FIGURE 3 | Schematic diagram of T-cell receptor (TCR) Alpha Beta Gene Rearrangement. Initially, in the undeveloped genome, the TCR’s genetic components are separated and unassembled. During T-cell development, these distinct genetic segments—variable (V), diversity (D), and joining (J)—are combined in various ways. Additionally, nucleotides at the junctions between these segments can be added or removed. This random assembly process, particularly in the complimentary determining region 3 (CDR3), creates such a vast array of possibilities that it's extremely unlikely for two T cells to have identical TCR nucleotide sequences. (A): shows V-J recombination of the TCR-α chain DNA. (B): Shows V-D-J recombination of the TCR-β chain DNA. (C): shows heterodimer structure of αβ-TCR on the surface of T lymphocytes, that can serve as a unique molecular identifier for each T cell.
TABLE 2 | WHO-EORTC Classification 2018 of Cutaneous lymphomas, involved genetic abnormalities and diagnostic immunohistochemical Markers [27–46].
[image: Table 2]Liquid biopsy has the advantage of overcoming tumour heterogeneity compared to contemporary testing methods. Traditional tissue biopsies may only capture a snapshot of the tumour’s genetic profile at a specific location, which may not fully represent the genetic diversity present throughout the tumour or across metastatic sites [47]. In contrast, liquid biopsy allows for the sampling of circulating tumour DNA shed from various tumour sites, providing a more comprehensive and dynamic view of the tumour’s genetic landscape [48]. This ability to capture genetic information from different tumour regions helps overcome the limitations of tumour heterogeneity seen with traditional tissue biopsies, ultimately leading to more accurate diagnosis and treatment selection [48].
Liquid biopsy samples are commonly analysed using Next-Generation Sequencing (NGS) technology; this allows for the comprehensive analysis of circulating tumour DNA (ctDNA) or other nucleic acids present in the liquid biopsy sample [49].
While ctDNA shedding can vary and may not capture every mutation, numerous studies validate its utility [47–55]. Research indicates that ctDNA often reflects a broad spectrum of genetic alterations present in different tumour regions and metastatic sites, offering a dynamic snapshot of tumour evolution [49]. Advances in Next-Generation Sequencing (NGS) and other technologies enhance the sensitivity and accuracy of ctDNA analysis, making it a reliable tool for providing a comprehensive and dynamic view of the tumour’s genetic makeup and informing on treatment decisions [49].
In the context of liquid biopsy analysis, NGS enables the detection and characterization of genetic alterations such as point mutations, insertions and deletions, copy number variations, and gene fusions in the circulating tumour DNA. This information can provide insights into the genetic makeup of the tumour, including its mutational profile, heterogeneity, and potential therapeutic targets [50, 51].
NGS-based liquid biopsy analysis offers several advantages, including high sensitivity and specificity, the ability to detect rare mutations, and the capacity for multiplexed analysis of multiple genes simultaneously [52]. Additionally, NGS allows for the monitoring of disease progression, treatment response, and the emergence of resistance mutations over time [52, 53].
Despite the advantages of liquid biopsies, there are several limitations. Liquid biopsies can experience issues such as inconsistent ctDNA shedding, leading to variability in detection and potential false negatives, particularly in early-stage cancers with low ctDNA concentrations [49]. Additionally, ctDNA assays may not capture all genetic mutations, potentially missing important alterations [48]. Overall, liquid biopsy has emerged as a powerful tool in precision oncology, enabling non-invasive monitoring of cancer dynamics and informing personalized treatment decisions [47–55]. These limitations highlight the need for ongoing research and technological improvements to enhance the reliability and availability of these diagnostic tools.
AUTOIMMUNE AND GENETIC SKIN DISORDERS
Conducting a thorough physical examination is a vital part of diagnosing blistering diseases, as it allows clinicians to evaluate the precise location, dispersion, and characteristics of the blisters themselves [56]. Additionally, dermatologists will examine a biopsy of the affected skin to analyse it under a microscope. Examining the skin sample enables detection of specific antibodies and other important indicators that provide evidence to support an accurate diagnosis [56, 57].
The diagnosis of autoimmune and genetic skin conditions has been advanced considerably in recent decades through the application of molecular biology techniques [56]. By enabling analysis at the DNA, RNA, and protein levels, modern molecular methods provide objective biological insight beyond visual symptoms. Techniques like PCR, DNA sequencing, microarrays, and mass spectrometry have illuminated causes and mechanisms in complex dermatological diseases [56].
In autoimmune disorders such as psoriasis, bullous pemphigoid, and lupus, molecular techniques assist in determining auto-antibodies involved in aberrant immune attacks on skin cells [56]. ELISA assays detect circulating autoantibodies in serum, while immunofluorescence microscopy localises autoantibody binding on skin biopsies. Identifying autoantibody profiles verifies diagnoses, reveals antigen targets, and guides treatment. PCR also measures inflammatory markers like cytokines to monitor disease severity [56, 57].
Beyond DNA, other developing molecular techniques further elucidate biological underpinnings [57]. RNA microarrays and sequencing reveal gene expression changes in diseased skin compared to healthy skin while mass spectrometry analyses the skin proteome (the entire complement of proteins) pinpoint dysregulated proteins [57]. Microbiome analysis examines microbial residents on skin that are related to autoimmune disorders [57].
These approaches provide precise, unbiased data about biological factors contributing to skin pathology [57]. Incorporating molecular biomarkers into diagnosis yields objective information that complements symptom-based observation. Molecular techniques also enable personalised medicine by matching treatments to an individual’s molecular profile [56, 57].
Epidermolysis bullosa (EB) refers to a group of rare genetic skin disorders that cause blistering and damaging of the skin in response to minor mechanical friction or trauma. There are four main types of inherited EB – EB simplex, junctional EB, dystrophic EB, and Kindler syndrome – with over 30 specific clinical subtypes [58]. EB displays substantial heterogeneity in symptoms, ranging from severe congenital blistering of the skin and mucous membranes that can impact lifespan, to very mild localised blistering such as nail dystrophy that begins later in life. In babies and adults, the blistering pattern and location may be distinctive enough to allow clinical diagnosis of the EB subtype. However, in newborns and milder cases, laboratory diagnostic testing is required to definitively determine the EB classification. Additionally, when EB occurs for the first time in a family, with no prior history, genetic testing is necessary to establish whether the inheritance pattern is autosomal dominant or recessive [58].
The four primary types of epidermolysis bullosa (EB) are categorised based on the ultrastructural level within the skin at which blistering, and separation occur. In EB simplex, splitting happens within the layers of the epidermis [59]. In junctional EB, it occurs in the lamina lucida layer. In dystrophic EB, cleavage takes place beneath the basement membrane zone in the uppermost dermis. Finally, in Kindler syndrome there is mixed-level blistering. An “onion skin” classification scheme for EB has been developed which sequentially considers the skin cleavage plane corresponding to EB type, clinical severity, inheritance pattern, and the specific molecular defect involved, including both the protein expression and disease-causing genetic mutations present [59].
In some subtypes of epidermolysis bullosa (EB), known as syndromic forms, the affected genes are expressed in tissues outside the skin, leading to involvement of other body systems and organs [60]. For example, muscular dystrophy can occur in EB simplex caused by plectin deficiency; pyloric atresia is seen in EB simplex with plectin deficiency and junctional EB with integrin α6β4 deficiency; cardiomyopathy is associated with KLHL24 or PLEC gene variants in EB simplex and with DSP and JUP variants in skin fragility disorders; lung fibrosis and nephrotic syndrome arise in junctional EB with integrin α3 subunit deficiency; connective tissue abnormalities occur with PLOD3 mutations; and nephrotic syndrome is seen with CD151 deficiency (Table 3). In these syndromic subtypes, the extracutaneous effects reflect expression of the defective genes in additional tissues, beyond simply the skin [59, 60].
TABLE 3 | Classification and molecular characteristics of epidermolysis bullosa (EB) [52, 53].
[image: Table 3]For new-borns presenting with congenital skin absence, fragility, or blistering that could indicate epidermolysis bullosa (EB), prompt referral to a specialised EB diagnostic centre is recommended to establish a diagnosis [61]. The diagnostic workup should include acquiring a blood sample for DNA extraction, as well as a skin biopsy. Confirming the diagnosis can be achieved through immunofluorescence mapping (IFM) of skin samples using fluorescence-labelled antibodies, transmission electron microscopy (TEM) to examine skin ultrastructure, and/or direct genetic testing, depending on the centre’s capabilities. While genetic testing can provide a definitive result, IFM can yield a diagnosis within hours to guide urgent neonatal care [61]. Thus, IFM remains the preferred first-line approach currently, though genetic testing is increasingly accessible. In some complex cases, all three diagnostic modalities may be utilised to reach a conclusion. The goal is to leverage available resources to determine the EB subtype quickly and accurately [61].
For paediatric or adult patients who exhibit skin fragility and blistering consistent with epidermolysis bullosa (EB) subtypes, direct referral to a diagnostic centre for genetic testing can be appropriate once characteristic manifestations develop [61, 62]. The testing methodology chosen may involve next-generation sequencing (NGS) or Sanger sequencing (SS) depending on the circumstances. If both sequencing approaches fail to determine a genetic diagnosis, immunofluorescence mapping (IFM) and transmission electron microscopy (TEM) of skin samples may provide supplementary molecular and ultrastructural insights to elucidate the underlying basis for the skin fragility phenotype. In patients with clearer EB manifestations, proceeding straight to genetic analysis allows subtype classification, while IFM and TEM remain additional options when sequencing is inconclusive [61, 62].
Benign familial pemphigus (BFP) is an autosomal dominant skin disorder characterised by blistering and there are two main subtypes: BFP type I (Hailey-Hailey disease/HHD) and BFP type II (Gabriel’s disease) [63]. BFP type I is caused by mutations in the ATP2C1 gene which encodes a calcium ATPase and these mutations disrupt calcium homeostasis in keratinocytes leading to acantholysis (loss of cell adhesion). Approximately, 90% of HHD patients have ATP2C1 mutations while BFP type II is caused by mutations in M1S1 which encodes a desmosomal glycoprotein and these mutations impair keratinocyte adhesion through defective desmosome formation. The diagnosis of BFP’s include mutation screening of ATP2C1 and M1S1 genes by sequencing and immunofluorescence that shows loss of desmosomal proteins which is also visible on histology. Therefore, identifying causative mutations in adhesion proteins like ATP2C1 and M1S1 allows definitive diagnosis and classification of benign familial pemphigus subtypes [63].
Mucous membrane pemphigoid (MMP) refers to a group of chronic autoimmune blistering diseases primarily affecting the mucous membranes and skin. These diseases lead to progressive scarring and impairment [64, 65]. Laminin-332 is a key component of epithelial basement membranes, synthesised by keratinocytes. It plays an important role in dermal-epidermal adhesion and wound healing. Laminin-332 has a cross-like structure with three chains - α3, β3 and γ2 [64].
Patients with MMP have autoantibodies against the α3, β3 or γ2 subunits of laminin332. Immunoprecipitation of radiolabelled cultured keratinocytes has been the gold standard for detecting these autoantibodies [64, 66]. Alternatively, immunoblotting using keratinocyte extracellular matrix or purified laminin-332 can identify antibodies.
However, these techniques are time-consuming, labour-intensive, and restricted to specialised labs. Radio-immunoassays are highly sensitive and specific but cumbersome, expensive, and tightly regulated. ELISA systems using purified laminin332 or keratinocyte extracellular matrix have been developed as more accessible antibody detection methods [64, 67, 68].
However, significant barriers exist regarding cost, access, and practical integration into clinical dermatology. Much research has yet to translate out of specialised labs into widespread use. Additionally, the complexity of results requires collaboration between clinicians, researchers, and bioinformaticians to determine appropriate interpretation and application [69]. Therefore, histopathological analysis of these autoimmune diseases still remains to the gold standard technique.
INFECTIOUS DISEASES
Dermatopathology occupies a central position in the comprehensive diagnosis and management of skin conditions, extending to those with infectious aetiology. Whilst conventional culture-dependent methodologies and microscopic analyses have historically underpinned the diagnostic framework for most cutaneous infections, their effectiveness is circumscribed by inherent limitations. Specifically, microscopic examination through histochemical staining, exhibits diminished sensitivity and specificity, while culture-based strategies are characterised by prolonged turnaround times and are unsuitable for nonviable pathogens [70, 71]. The last few decades have seen the increased use of molecular techniques in the diagnosis of skin infections within the clinical and laboratory setting, through nucleic acid-based detection methods including PCR, in-situ hybridisation and sequencing of target pathogen DNA or RNA, detecting a wide range of infectious agents spanning, bacteria, viruses, fungi, and parasites in skin specimens [70, 71]. More importantly, these techniques have been particularly useful in the definitive diagnosis of often challenging and ambiguous infectious skin lesions, including tuberculosis, leishmaniasis, leprosy, lyme disease, and fungal infections [72–74]. Furthermore, the supplementary use of these molecular detection methods can also be applied to both fresh and formalin fixed paraffin embedded (FFPE) tissues, the latter of which relating to dermatopathology specimens [70, 72, 73, 75]. As a result, molecular techniques have become increasingly employed within the dermatopathology laboratory setting, having found use within the diagnosis of infectious or infection-related skin conditions.
In most cases, the conclusive diagnosis of cutaneous infections necessitates a comprehensive and interdisciplinary methodology. This combines clinical assessment with microbiological and microscopic investigations, alongside the established application of molecular assays aimed at identifying infectious pathogens from freshly obtained serological and tissue specimens [75, 76]. Specifically within dermatopathology, using routine histopathological techniques not only allows for the direct visualisation of infectious agents (histochemical stains) and infectious morphological hallmarks in tissues, but they also provide important context for differentiating between noninfectious and infectious aetiology, localisation of infectious agents within tissues, host response to infection, and also infectious disease progression [75]. In addition to H&E sections, a variety of ancillary tests in the form of special stains and IHC can be employed to directly demonstrate infectious agents within skin biopsies, aiding in diagnosis (Table 4). These ancillary tests offer a relatively inexpensive and quick method towards the microscopic demonstration of pathogens within tissues and are used routinely within dermatopathology. However, many of these ancillary tests often exhibit several limitations, namely a low sensitivity, arising due to low bacterial load within tissues, poor staining, as well as other technical considerations leading to required further testing [70, 71]. Whilst the examination of histopathological preparations forms the basis of dermatopathology, it alone, is not always sufficient towards the definitive diagnosis of skin infections [76]. It does however, at the very least, provide initial guidance and infectious work-up, correlating with other concurrent laboratory tests such as microbiological cultures and prompting for molecular testing [75].
TABLE 4 | Key pathogens commonly found or relevant within dermatopathology 651 investigations with both conventional and molecular methods outlined [70–82].
[image: Table 4]Molecular Approaches for Infections in Dermatopathology
All pathogenic organisms have nucleic acid genomes which can be targeted by highly sensitive and specific molecular assays. Nucleic-acid-based amplification technologies (NAATs) such as PCR, along with several PCR-based variations, are some of the most widely used molecular methods for the detection of infectious pathogens and have seen much use over the last few decades [70–77]. The primary advantage of PCR-based methods is in the high level of sensitivity and specificity it provides, in a fast turnaround time, relative to other conventional methods relating to both microscopy and microbiological culturing. In addition to PCR, in-situ hybridisation (ISH) techniques can also be a viable alternative, particularly for viral infections [70, 77]. These ISH techniques utilise pathogen specific nucleic acid probes that can detect target pathogen DNA or RNA, in order to visualise infectious agents and their localisation within tissue sections, using chromogenic (CISH) or fluorescent labelling. Furthermore, CISH has the added advantage of being easily incorporated within the dermatopathology laboratory setting, utilising the same IHC platforms that are used routinely (Figure 4).
[image: Figure 4]FIGURE 4 | Chromogenic In - situ hybridisation labelling in histological sections. (A) HPV High risk expression in cutaneous genital wart lesion (X20) (B) HPV Low risk expression in cutaneous genital wart lesion (X20) (C) EBV expression in cutaneous EBV positive lymphoma tissue section (X20).
Sequencing technologies can also be employed on pathogen specific PCR amplicons, allowing for the simultaneous identification of pathogens at the species level in addition to the identification of drug resistant organisms [70, 75, 78, 79].
Limitations of Molecular Techniques for Infections in Dermatopathology
Serology and fresh tissue cultures have traditionally served as the gold standard sample types for employing NAATs in pathogen detection. Whilst FFPE derived samples can be used for pathogen detection, it is associated with limitations that require further consideration for its appropriate use [70]. Molecular techniques such as PCR are not infallible and can be prone to false-positive findings when using FFPE derived samples, as a result of contamination during the numerous histological processing steps [70, 75]. Most importantly, FFPE derived samples are associated with false-negative findings that are a consequence of poor nucleic acid quality and lower yield. This is due to the degradation and alteration of nucleic acids due to resultant fixation and tissue processing leading to DNA fragmentation and formalin-induced sequence artefact [70, 75, 78, 79]. Furthermore, low presence of pathogens within FFPE tissues can also contribute to false-negative PCR results despite suggestive morphological features. As a result of these aforementioned limitations, a consensus review by Sunderkötter et al. outline the various indications, contraindications and key infectious scenarios to which NAATs should be appropriately requested as an adjunctive tool within the diagnostic workup, in order to prevent misinterpretation of results [70, 75]. In general, FFPE derived samples should be reserved for use as a “diagnostic rescue method” for NAATs, a scenario in which non-fixed samples can no longer be obtained from the patient, and or when slow growing or non-viable pathogens are suspected [70, 73, 74]. In these instances, adjunctive NAATs on FFPE sections can be vital to the diagnosis and worth conducting especially when infection is suspected at a later stage by the pathologist. Examples of infections that have clear indications for NAATs on FFPE tissues include; Mycobacterium leprae, cutaneous leishmaniasis, bartonella spp., rickettsiosis and treponema pallidum [70, 71, 73, 75, 80] Other key encountered infections within the dermatopathology setting such as cutaneous tuberculosis, atypical mycobacterium, borrelia and other fungal and viral skin infections, may benefit from NAATs when requested on FFPE tissues, albeit with greater reservation [70, 71, 73, 75, 81]. However, close histological and clinical correlation is vital when requesting NAATs on FFPE samples to minimise the impact of these aforementioned limitations and subsequent misinterpretation of results and misdiagnosis [70, 75, 81]. Table 4 provides a summary of relevant pathogens encountered in dermatopathology in which molecular techniques can be used to aid in diagnosis.
Conclusion
There has been a steady rise in the application of molecular technologies within the field of dermatopathology. However there remains a requirement for extensive international collaboration to test applications and establish a broader base for clinical use generally [88–90]. The current literature is not robust enough in terms of large cohort studies to substantiated evidence for the application of most of these molecular biomarkers in a wider clinical setting [89, 90]. There is also a growing need to comply to in vitro diagnostic regulations (VDR) throughout Europe and this will increase the degree of rules and regulations on the use of these methodologies in diagnostic settings [82, 88].
The investment in novel equipment which can assist in the assessment of new molecular biomarkers is also constantly evolving with the development of innovative technology and near patient testing approaches [88]. Although these remain mainly applicable to the evaluation of infectious diseases currently [88]. The introduction of image analysis and the use of artificial intelligence, will accompany the rise in automation of complex molecular diagnostic assays. It will also improve the efficiency and enable faster assessment of patient material [91, 92].
The development of new and improved sampling techniques that are less invasive i.e., skin tapes, compared to conventionally employed tissue biopsies, are also set to expand [89]. It is also the case that these techniques will enable improved sensitivity and will rely on less patient DNA/ RNA being required for testing [89].
Of great interest will be the continual identification of new molecular biomarkers that are linked to prognostic outcomes, especially those associated with rare and unusual skin diseases such as epidermolysis bullosa (EB) [90]. These will expand our understanding of the disease processes still further.
Currently, many omics technologies have been utilised in the research setting to better understand cell populations in healthy and diseased states [88, 89]. Techniques such as spatial transcriptomics is a state-of-the-art technology with immense potential for future applications in various domains, such as medical research, cancer diagnostics, and therapeutic development [93, 94]. One of the most exciting uses is in cancer research, where it can analyse the intricate tumour microenvironment, revealing spatially distinct gene expression patterns that contribute to tumour growth and resistance to treatments [93, 94]. This insight can help identify new biomarkers for early detection and pave the way for highly targeted therapies, ultimately improving patient outcomes. This is particular key in many cancer and non-cancerous dermatological diseases [95, 96].
Moreover, spatial transcriptomics can enhance precision medicine by combining spatial gene expression data with other omics data, facilitating the creation of highly personalised treatment plans tailored to the unique spatial gene expression profiles of individual patients. This approach also has the potential to shed light on disease mechanisms, leading to more accurate therapeutic interventions. The potential integration of this techniques in routine practice could be a potential future development in dermatology.
Within the field of dermatology and more specifically dermatopathology there is a need to inform, educate and expand the repertoire of reliable and significantly validated tests that can be utilised within the diagnostic setting. There also needs to be clearer guidance and evidence-based research into potential biomarkers which will support the further development of new tests beyond the realm of research settings and into diagnostic prognostic and therapeutic applications. A number of new tests are yet to be validated in a diagnostic setting and as such remain academically interesting developments but as of yet not fully accepted in diagnostic practice. Ideally going forward there will be improved development in terms of new tests offering advanced sensitivity and specificity with the ultimate gain of improved patient care [97].
Molecular techniques represent a vital tool in the clinico-pathological correlation of skin disease states. The techniques and advances will enhance the information gleaned from conventional light microscope procedures that for so long have provided us with so much information on morphological criteria and disease processes and as a result will together continue to mould our diagnostic understanding (Table 5).
TABLE 5 | An overview of the main immunohistochemical, in-situ hybridisation and molecular methodologies available, highlighting they key benefits and restrictions [83–87].
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Introduction: Lentigo maligna (LM) and lentigo maligna melanoma (LMM) predominantly affect the head and neck areas in elderly patients, presenting as challenging ill-defined pigmented lesions with indistinct borders. Surgical margin determination for complete removal remains intricate due to these characteristics. Morphological examination of surgical margins is the key form of determining successful treatment in LM/LMM and underpin the greater margin control provided through the Slow Mohs micrographic surgery (SMMS) approach. Recent assessments have explored the use of immunohistochemistry (IHC) markers, such as Preferentially Expressed Antigen in Melanoma (PRAME), to aid in LM/LMM and margin evaluation, leveraging the selectivity of PRAME labelling in malignant melanocytic neoplasms.
Methods: A Novel double-labelling (DL) method incorporating both PRAME and MelanA IHC was employed to further maximise the clinical applicability of PRAME in the assessment of LM/LMM in SMMS biopsies. The evaluation involved 51 samples, comparing the results of the novel DL with respective single-labelling (SL) IHC slides.
Results: The findings demonstrated a significant agreement of 96.1% between the DL method and SL slides across the tested samples. The benchmark PRAME SL exhibited a sensitivity of 91.3% in the SMMS specimens and 67.9% in histologically confirmed positive margins.
Discussion: This study highlights the utility of PRAME IHC and by extension PRAME DL as an adjunctive tool in the assessment of melanocytic tumours within staged excision margins in SMMS samples.
Keywords: immunohistochemistry, slow Mohs micrographic surgery (SMMS), PRAME, Melan A, lentigo maligna (LM) lentigo maligna melanoma (LMM)
INTRODUCTION
Lentigo maligna (LM) is a unique subtype of melanoma in situ (MIS), distinguished by its lentiginous growth pattern observed in chronically sun-damaged skin. If an LM lesion becomes invasive, it is no longer confined to the epidermis and can no longer be considered MIS. This invasive form of LM is subsequently referred to as Lentigo Maligna Melanoma (LMM), which acquires a comparable prognosis to other forms of invasive melanomas when comparing Breslow thickness [1].
The histologically assessed surgical removal of the lesion is the primary form of treatment with both wide local excision (WLE), and more specialised staged excision (SE) approaches such as the Mohs Micrographic Surgery (MMS) technique, having been described [2]. However, prior studies have shown that the superior margin control expressed through specialised SE approaches such as MMS, proves to be superior to traditional WLE methods, when treating LM/LMM lesions of patients that present on the head and neck [3, 4]. This is evident in the lower local recurrence rates of 0.61% by MMS when compared to 7.8% by WLE when used to treat cutaneous head and neck melanomas [4]. Furthermore, only 1% of total margins are evaluated through WLE with subsequent vertical sectioning, which is in comparison to the 100% complete demonstration of both deep and peripheral margins offered by MMS [5]. The superior margin control offered by MMS, coupled with the tailored-to-tumour surgical removal of tissue allowing for greater cosmetic consideration, makes the MMS approach particularly suited for treating LM and LMM patients presenting on the head and neck regions [5]. This has led to MMS becoming the standard of care for LM patients, in particular when manifesting in the most common cosmetically-sensitive regions such as the head and neck [2].
In the case of in-situ melanomas such as LM, a variant of the MMS technique known as the “slow” Mohs procedure is typically employed [5, 6]. This alternate method utilises the same lesional mapping and staged surgical approach to traditional frozen sectioning MMS, but with the addition of permanent formalin-fixed paraffin-embedded (FFPE) processing for each Mohs layer, forgoing the use of frozen sections entirely. This longer FFPE excursion is essential for providing the gold standard morphological visualisation of melanocytic lesions that is free from the interpretational and artefactual challenges that is often associated with frozen sections [5]. In addition, routine immunohistochemistry (IHC) adjunct labelling can also be used with FFPE samples in order to aid in LM/LMM margin assessment by reporting pathologists.
A number of IHC “melanocytic markers,” such as SOX10 and Melanoma antigen recognised by T cells (MART-1 or Melan A), have been delineated to directly detect and visualise melanocytes in the skin through differing labelling patterns, both nuclear and cytoplasmic respectively. These markers can potentially facilitate the diagnosis of LM or the assessment of residual LM in surgical margins within the sun-damaged skin setting. Both SOX10 and Melan A can be used to determine a prime parameter; the cellularity or density of melanocytes within slow Mohs sections, which can help facilitate residual LM/LMM identification and by extension, margin clearance [7].
It is important to note however that markers such as SOX-10 and Melan A, whilst they have their usage in LM studies, they both lack the ability to differentiate malignant from benign melanocytes. This labelling of “all” melanocytes, significantly limits their use in differentiating LM from its mimics [8]. However, Preferentially expressed Antigen in MElanoma (PRAME), has been the subject of intense study within the last 5 years, having shown promise in this regard [7–17]. Studies have showed differential PRAME expression within benign and malignant melanocytes, showing high expression in a variety of malignant melanocyte populations—in particular, melanoma and in-situ melanomas such as LM/LMM, with contrasting little to no expression in benign entities such as melanocytic nevi [8–11]. This denotes a differential PRAME expression and specificity towards malignant melanocytes, as opposed to traditional melanocyte markers such as Melan A and SOX-10, that do not discriminate and label all melanocyte populations, both benign and malignant, in varying labelling profiles.
A Key study by Lezcano et al. (2018) sought to evaluate the utility of PRAME IHC as a potentially useful adjunct tool for the assessment of melanocytic tumours, showing early yet promising evidence for PRAME IHC as a useful adjunctive tool within both melanoma and margin assessment studies [9]. Since then, many others have sought to evaluate PRAME using a variety of approaches and subject matter, seeking to further elucidate the strengths, limitations and pitfalls of PRAME IHC focusing on the differentiation of benign and malignant melanocytic entities [7–18].
Most congruously, some recent studies have explored the potential for PRAME nuclear labelling, to be used in various double-labelling methods, combined with cytoplasmic HMB-45 or Melan A, in order to further enhance the utility of PRAME within melanocytic investigations [7, 8, 11–13].
This study will seek to determine the utility of PRAME IHC by establishing the sensitivity of PRAME SL within the novel application of LM/LMM SMMS biopsies. The study will also seek to demonstrate and directly compare a novel PRAME/Melan A DL protocol to the aforementioned PRAME SL benchmark for agreement. This is to determine whether PRAME/Melan A DL IHC can be used as a useful alternative to PRAME SL IHC, providing additional information through cytoplasmic Melan A labelling, within the same section. Once established, the novel DL could therefore be used as an adjunct to H&E routine morphology within SMMS LM/LMM margin assessment.
MATERIALS AND METHODS
Case Selection and Histological Characteristics
Records from the dermatopathology Laboratory at St. John’s Institute of Dermatology were searched for Slow Mohs excision biopsies from 2020 to 2022 for cases diagnosed with LM/LMM. A total of 23 anonymised LM/LMM slow Mohs cases were selected. Of all 23 cases, the histological characteristics of 15/23 de-bulk sections and 22/28 positive margin sections were available within the pathology reports examined. Within each of the applicable reports examined, the use of several histological features supporting LM/LMM were tabulated and are summarised in Table 1. The 3 highest histological features in support of LM found within the reports to describe both de-bulk and positive margins respectively were pleomorphism/atypia (100%/100%), increased number of melanocytes (86.7%/91%) and confluency (60%/77.3%). Other features such as adnexal involvement (33%/31.8%) and nest formation (20%/22.27%) were less frequent. From these cases, a total of 51 formalin-fixed paraffin-embedded (FFPE) blocks, comprised of 23 de-bulk and 28 histologically confirmed positive margins were incorporated within the study. For larger cases, more than one histologically positive margin FFPE block was used. All Blocks were labelled with letters corresponding to the respective sections of each histology report for histological correlation. Given the retrospective nature of the study, each of these blocks were stained with an initial H&E to ensure block viability and relevance to the anonymised histology reports provided, which were checked by Consultant BMS GEO. All further IHC tests, Melan A SL IHC, PRAME SL IHC, and PRAME/Melan A IHC DL were performed on serially sectioned slides for direct comparison.
TABLE 1 | Summary of the histological characteristics of LM/LMM cases examined.
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PRAME/Melan A DL IHC combines Melan A cytoplasmic labelling to highlight all melanocyte populations within a section, with the added nuclear labelling of PRAME to label “malignant” melanocytes. This allows for the visualisation of dual-labelled malignant melanocytes alongside benign melanocytes labelled with Melan A in the same section.
At present, there is no existing literature regarding the utilisation of PRAME/Melan A DL IHC in the context of margin assessment for SMMS biopsies within LM/LMM. As a result, the current study has utilised the established PRAME SL IHC as the benchmark for clinical correlation, alongside the novel DL method in parallel for establishing agreement between both methods. Melan A SL IHC were run in parallel in order to validate the Melan A component of the DL.
In addition to IHC stains, H&E staining was also used for demonstrating the morphology and histological criteria of LM/LMM.
All slides and tests were generated in a serial manner for accurate interpretation and juxtaposition of photography. An initial set of positive control material was used to select the combination of chromogen for IHC DL based on visual performance and contrast, with the latter combination of red nuclear PRAME labelling with brown cytoplasmic Melan A labelling, being taken forward for the study (Figure 1B). Both the SL Melan A (brown) and PRAME (red) used the same respective chromogen for direct comparisons to be made.
[image: Figure 1]FIGURE 1 | (A,B) PRAME/Melan A double labelling within LM control sections (×20 magnification) demonstrating possible visual outcomes depending on chromogen selection. (A) Alternative PRAME nuclear labelling in brown, combined with Melan A cytoplasmic labelling in red. (B) Showing the selected method of PRAME with red nuclear labelling, combined with brown Melan A cytoplasmic labelling of respective LM melanocytes. For both chromogen arrangements, double-labelled melanocytes are shown with arrows.
Histological Material Preparation
All anonymised FFPE blocks used within the study were sectioned by author RS over the course of 4 batches which were carried out on 4 consecutive days with key factors controlled for, such as, water bath set to 37°C, same equipment used each day, and same batch numbers for reagents used. This was to reduce batch-to-batch variability.
All slides were sectioned at 3 µm and picked up on either TOMO® IHC adhesive slides (Solmedia Ltd., Shrewsbury, United Kingdom) for IHC labelling with positive control material or on SuperFrost®Plus Adhesion Slides (VWR®, Leicestershire, United Kingdom) for H&E sections which will have been consistent to the original H&E slides for reporting.
H&E staining was performed using the automated Leica Autostainer XL [Leica Microsystems (UK) Ltd. Milton Keynes, United Kingdom], using a commercially available Harris’ haematoxylin and a 1% aqueous Eosin [Leica Microsystems (UK) Ltd. Milton Keynes, United Kingdom]. H&E staining was carried out using the same routine protocol that is used within the laboratory.
Cut slides for IHC were left to dry in a 37°C oven for 10 min before being transferred to a 60°C oven to bake for 1 h. Slides were then labelled according to the anonymised format given and loaded onto the IHC labelling platform on the same day that each batch was produced.
IHC
A total of 153 IHC slides were performed, 51 slides per each IHC test. All slides were generated using the Roche Ventana Benchmark ULTRA IHC automated immunostaining platform (Roche Diagnostics Limited, West Sussex, United Kingdom). The same IHC machine was used throughout the study in order to prevent any potential variability that may occur during the IHC procedure.
Melan A IHC was carried out using the Roche ready-to-use (RTU) anti-MART-1/Melan A (A103 clone, from Roche Diagnostics Limited, West Sussex, United Kingdom) mouse monoclonal primary antibody. PRAME IHC was carried out using anti-PRAME (QR005 clone) RTU rabbit monoclonal primary antibody which was obtained from AnatoPath limited (, Saxmundham, England). Both primary antibodies and their subsequent IHC protocols were validated well in advance by GEO and FI. The DL protocol was developed and optimised in-house prior to use in this study. All three IHC protocols, Melan A SL, PRAME SL and PRAME/MelanA DL followed manufacturer recommendations where possible. This involved the same antigen retrieval step using commercially available Roche (Roche Diagnostics Limited, West Sussex, United Kingdom) ULTRA Cell Conditioning Solution 1 (ULTRA CC1) for heat-mediated antigen retrieval, coupled with polymer based detection kits also supplied by Roche (Roche Diagnostics Limited, West Sussex, United Kingdom) for both brown (OptiView DAB IHC Detection Kit, Ref: 760-700) and red chromogen (ultraView Universal Alkaline Phosphatase Red Detection Kit, Ref: 760-501) respectively. Counterstain of IHC slides were all carried out using Roche (Roche Diagnostics Limited, West Sussex, United Kingdom) Hematoxylin II which is designed for FFPE tissues on the BenchMark IHC automated platform.
A known positive control was also added to each IHC slide as an extra layer of validation.
Evaluation of DL and Scoring Criteria for PRAME and Melan A
The technical evaluation of the DL was done through direct qualitative comparison to each respective single IHC slide, PRAME SL and Melan A SL, to ensure that there was no artefactual, or potential pitfalls in the appearance of the DL—namely focusing on false loss or gain or obscurity in PRAME or Melan A components when juxtaposed. Comparison of IHC stains as well as the scoring of PRAME, were done through visual assessment under a light microscope by a Consultant BMS G.E.O.
Scoring criteria of the PRAME SL IHC benchmark within the study was based on the percentage of PRAME positive tumour cells that were present within the lesion examined. Thus 0—negative, +1 (1%–25%), +2 (26%–50%), +3 (51%–75%), +4 (>75% diffuse/positive) [9]. Only lesions that exhibited more than 75% (+4 labelling) of PRAME positive lesional cells were scored as positive. 0% indicates a complete absence of any PRAME labelling and was therefore negative. Intermediate labelling, +1, +2, +3, was also interpreted as negative within the study, which was in line with prior investigations [7–11, 13–15]. In summary PRAME IHC slides were scored as either positive (+4 diffuse) or negative (0, +1, +2, +3) within the study when assessing the sensitivity of PRAME within SMMS biopsies. However, when assessing the novel DL technique to the PRAME SL, each slide was assessed for agreement based on the specific labelling of PRAME that was seen, 0, +1, +2. +3 and +4 respectively.
Melan A SL IHC was used as the comparative benchmark for the Melan A component of the novel DL. Melan A IHC interpretation was based on the positive or negative presence (+ve) or absence (−ve) of cytoplasmic melanocyte labelling within SMMS biopsies respectively.
Statistical Analysis
Statistical analysis and measurement of agreement between the novel DL and SL was performed using SPSS software (IBM Corp. Released 2021. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY: IBM Corp), utilising the Kappa statistic.
RESULTS
Evaluation of PRAME SL IHC in Slow Mohs Sections
Results of the PRAME SL IHC can be found in Table 2. 21/23 LM de-bulk sections that were used for PRAME SL IHC were found to be diffusely positive (>75% threshold). Of the remaining 2/23 de-bulk sections one exhibited an intermediate +3 PRAME labelling, with the other section showing absent 0 PRAME immunoreactivity. The same PRAME negative (0) de-bulk section had PRAME negativity (0) at both histologically positive margins. All sections that showed 0 immunoreactivity for PRAME (0) were all derived from the same case. By using +4 as the positivity threshold for PRAME, a PRAME IHC sensitivity of 91.3% was obtained with respect to de-bulk sections examined (n = 23). A lower PRAME sensitivity of 67.9% (19/28) was observed with respect to PRAME SL IHC labelling at the margins (n = 28) using the same +4 positivity criteria. Of the 9/28 histologically confirmed positive slides that failed to meet the +4 threshold for positivity, 2/28 were the aforementioned slides with 0 labelling, 3/28 exhibited +1 labelling, 2/28 showed +2 labelling and finally, 2/28 demonstrated +3 labelling. The combined sensitivity for PRAME including both de-bulk and positive margins, 40/51, was 78.4%.
TABLE 2 | PRAME SL IHC labelling results obtained from the analysis of 23 LM/LMM slow mohs cases. Cases were broken down into 23 de-bulk sections (one for each case) and a collection of 28 histologically positive margins across the 23 cases incorporated. PRAME was only concluded as positive or “diffuse” if +4 (>75% of lesional cells) threshold was met.
[image: Table 2]Evaluation of PRAME/Melan A IHC DL
There was an overall substantial agreement between the novel DL and the PRAME SL of 96.1% (Kappa = 0.895 with p-value = <0.001). All Melan A (n = 51) IHC seen between the novel DL method and the control Melan A SL were 100% concordant with all slides showing positive cytoplasmic labelling of melanocytes where present. The 2/48 non-concordant DL slides were derived from histologically positive margins that showed weak +1 and +2 PRAME immunoreactivity on the respective PRAME SL slides. Both respective DL slides showed no PRAME nuclear immunoreactivity when compared to the PRAME SL control. Comparison of the novel DL is summarised in Table 3.
TABLE 3 | Comparison of PRAME/Melan A DL to PRAME SL IHC and Melan A SL IHC. Each slide is compared and categorised according to labelling outcomes between the SL and DL.
[image: Table 3]Qualitative Comparisons of Novel DL to SL and Morphological H&E
Following qualitative assessment by G.E.O, several superimposed and annotated, concordant photographs were taken to provide direct qualitative comparison between the novel DL and the PRAME SL IHC and Melan A SL IHC controls Figures 2–4. These images were selected for performance and technical aspects relating to the DL method.
[image: Figure 2]FIGURE 2 | (A–C) IHC sections of a SMMS LM de-bulk specimen derived from the left forehead. Melan A IHC SL (A) showing intense cytoplasmic labelling of melanocytes within the junctional component in brown chromogen, highlighting the increased proliferation of intraepidermal melanocytes in a lentiginous pattern, with accompanying nest formation (×10 magnification). PRAME IHC SL (B) shows diffuse nuclear labelling with almost all lesional melanocytes (>75%) within the junctional component are labelled with the red chromogen (×10 magnification). The black rectangles highlight the direct region of the corresponding magnified area within the PRAME/Melan A DL IHC (C) section for comparison to the SL counterparts. The DL (×20 magnification) shows clear double-labelling (black arrows) of almost all junctional melanocytes with bothPRAME red nuclear labelling, and brown cytoplasmic labelling of the cytoplasmic Melan A. Almost all melanocytes can be seen to be labelled with PRAME (both the DL and SL) in this select region showing strong concordance between the three IHC methods, providing further support in favour of LM.
[image: Figure 3]FIGURE 3 | (A–C). Sections of skin derived from a previously reported residual LM, from a slow Mohs excision margin taken from the left side of nose. Melan A SL IHC (A) shows significant proliferation of melanocytes at the basal layer through cytoplasmic labelling of all melanocytes within the section, showing dendritic processes (×10 magnification). Examples of melanocytes are shown (black arrows) with clear nuclei. PRAME SL IHC (B) shows +1 red nuclear labelling of a few (<10%) melanocytes (blue arrows) within the same area of the lesion (×10 magnification). This section is interpreted as PRAME negative. PRAME/Melan A DL IHC (C) at ×20 magnification, shows both populations of melanocytes within the same area of the lesion, exhibiting labelling that is in agreement to both respective SL counterparts (A,B). Note that PRAME negative melanocytes (black arrows) make up >90% of the lesion and lack any nuclear labelling or artefactual distortions as a result of double-labelling, which is comparable to the Melan A SL (A). Similarly, PRAME positive melanocytes are demonstrated through DL with a red nuclear component (blue/black arrows). DL melanocytes comprised <10% of the lesional population within the same area, which is in direct accordance to the PRAME SL IHC control (B). The DL is also interpreted as PRAME negative.
[image: Figure 4]FIGURE 4 | (A,B) Skin sections of a part of residual LM from a slow Mohs de-bulk biopsy labelled with PRAME SL IHC (A) and PRAME/Melan A DL IHC (B) respectively (×20 magnification). Both sections show diffuse +4 positive red nuclear labelling of atypical melanocytes within the lesion. The lesion is comprised of atypical melanocytes that have formed densely packed nests at the base of the epidermis and nearby hair follicle. The DL (B) also shows intense cytoplasmic Melan A labelling of dendritic processes within these nests, with subsequent PRAME red nuclear labelling being detectable at higher magnifications. Upward pagetoid migration of atypical melanocytes (Black arrows) is seen more clearly in the DL (B) than the SL (A).
Several images Figures 5–9 were selected from the study to highlight superimposed DL and SL with various morphological H&E appearances in order to assess the potential utility and application of the novel DL as a potentially useful adjunct within margin assessment investigations.
[image: Figure 5]FIGURE 5 | (A–D) Demonstration of skin with residual LM from a stage-II slow Mohs biopsy, using H&E (A), PRAME IHC SL (B)) Melan A IHC SL (C) and PRAME/Melan A DL IHC (D). H&E Section shows acral skin with cross-cutting, with an eccentrically located lesion that extends into the blue inked peripheral margin. The lesion is comprised of lentiginous melanocytes (black arrows) exhibiting severe cytological atypia. IHC show in support of residual LM and is denoted by; >75% (+4) red nuclear labelling of “atypical” melanocytes (black arrows) within the lesion by the PRAME SL (B), concordant >75% (+4) of dual-labelled “atypical” melanocytes (black arrow) of PRAME with red nuclear labelling and Melan A brown cytoplasmic labelling DL (D), and Melan A SL (C) brown cytoplasmic labelling of melanocytes (black arrow) showing the entire melanocyte population. All images taken at ×10 magnification.
[image: Figure 6]FIGURE 6 | (A–D) Corresponding images depicting a slow Mohs excision margin of a previously reported residual LM from the right cheek. The images include H&E staining (A) at (×10 magnification), PRAME SL IHC (B) at ×10 magnification, Melan A SL IHC (C) at ×10 magnification, dual labelling (DL) at ×20 magnification (D). The H&E section (A) reveals mild hyperkeratosis and elongation of rete ridges, with atypical melanocytes exhibiting lentiginous and focal nested proliferations (black arrows) at the dermal-epidermal junction. Descent down the adnexal hair follicle epithelium is also noted. PRAME SL IHC (B) displays strong +4 diffuse positivity of melanocytes within the lesion, extending into nearby adnexal structures (yellow-blue arrows). Melan A SL IHC (C) shows cytoplasmic labelling of a lentiginous proliferation of melanocytes within the junctional component, featuring focal nests (black arrows). The DL image (D) demonstrates similar +4 PRAME nuclear labelling, with most melanocytes dual-labelled with the Melan A cytoplasmic component. The IHC sections collectively support the presence of residual LM extending to the green peripheral margin.
[image: Figure 7]FIGURE 7 | (A–D). Serial sections of a slow Mohs margin biopsy stained with H&E (A) at ×10 magnification, PRAME SL IHC (B) at ×4 magnification, PRAME SL IHC (C) at ×10 magnification and DL (D) at ×20 magnification. The H&E (A) morphology as per the report showed lentiginous hyperplasia of non-contiguous melanocytes with focal cytological atypia throughout the epidermis. However, there is a focal proliferation of melanocytes with severe cytological atypia (black arrows), 0.5 mm from the green peripheral margin (black circle). These atypical melanocytes appear contiguous and are suspicious for a small focus of residual LM. PRAME SL IHC ×4 magnification (B) and PRAME SL IHC ×10 magnification (C) draw attention to the focally located atypical melanocytes with positive +4 PRAME nuclear labelling (red) when accounting for the small focal area. The DL (D) shows almost all melanocytes as depicted with brown cytoplasmic labelling of Melan A within the focal area, to have corresponding PRAME nuclear labelling to the SL (B,C). Additionally, a group of contiguous atypical melanocytes can be seen (black arrow).
[image: Figure 8]FIGURE 8 | (A–G) Sections of a Mohs de-bulk specimen reported as a LM with underlying naevus. PRAME/Melan A DL (A) at ×2 magnification showing the overall localisation of melanocytic proliferations (brown chromogen) into three distinct areas, a left non-involved region (orange circle), a middle region with LM component (black circle), and a right non-involved region (red circle). Sections B-D show the red circled region at higher power. (B) Shows DL labelling (×20 magnification) that highlights both junctional and dermal (blue arrow) melanocytic components with a lack of PRAME labelling in most cells. Only two melanocytes are seen with dual-labelling (black arrows), overall suggestive of a benign process. (C) Shows H&E (20x magnification) staining depicting a large dermal melanocytic proliferation (blue arrow) that amounts to a benign dermal nevus that is found within the red circled region. (D) Shows PRAME SL IHC (×10 magnification) that is negative for PRAME within the dermal nevus (blue arrow) but some weak positivity (+1) within the epidermis (black arrows). (E) Shows H&E (×20 magnification) staining of the orange circled region depicting another dermal naevus proliferation (green arrow). This is highlighted by the DL (×20 magnification) within the same orange region (F) showing only Melan A cytoplasmic labelling without any PRAME (green arrow). (G) PRAME SL IHC (×20 magnification) showing lack of labelling (green arrow) in the orange region, suggestive of a benign dermal naevus.
[image: Figure 9]FIGURE 9 | (A–C) Sections (all at ×20 magnification) corresponding to the black circled region from Figure 8. (A) H&E showing a proliferation of contiguous atypical melanocytes along the junctional component, arranged in a lentiginous pattern with marked upward pagetiod spread (black arrows). The features of the overlying junctional component are in keeping with LM. There is also an underlying melanocytic proliferation with suggestive features of a dermal naevus (green arrows). (B) PRAME SL IHC showing +4 PRAME positivity (red nuclear labelling) of atypical melanocytes that are confined to the epidermis with upward pagetoid spread. No PRAME labelling is seen in the underlying dermal naevus (green arrows) which is in favour of an underlying naevus. (C) PRAME/Melan A DL IHC illustrates two melanocyte populations: the LM junctional component featuring double-labelled atypical melanocytes (white arrows) and the underlying dermal nevus exhibiting solely Melan A brown cytoplasmic labelling (green arrows).
DISCUSSION
Several instances of PRAME DL IHC have been described in the literature, combining PRAME with cytoplasmic Melan A or HMB45 [11–15]. Three of these studies ran parallel PRAME SL IHC as the control for the novel DL, correlating results through semi-quantitative scoring [11, 13, 14]. Therefore, the current study design and methodology align with previous research, allowing for comparisons to laboratory aspects of PRAME DL and obtained results to established methods (PRAME SL IHC).
Interpretation and scoring of PRAME IHC results with respect to both distribution and intensity is currently lacking in standardisation. As a result, greater consideration within the study has been made towards the PRAME IHC scoring criteria in which to assess both PRAME SL within SMMS and by extension, assessment of the Novel DL. Many studies, including those which have explored PRAME DL techniques have utilized the >75% threshold for positivity, irrespective of intensity, established by Lezcano et al [7–15]. This scoring method is used in the current study for its high correlation to LM, whilst providing a simpler and direct comparison of results to prior studies [11–15].
While an additional scoring criterion incorporating PRAME labelling intensity has been described in the literature, it was not included in this study due to anticipated technical challenges which could not be controlled for given the retrospective nature of the study [16]. In particular, PRAME intensity scoring has only been described for SL IHC methods, not factoring in the potential for chromogen overlap within a DL protocol, making the interpretation of weaker intensity scoring potentially difficult, further complicating analysis [16, 18]. This is further confounded by the often observed and seemingly inherent variability of intensity for PRAME, within practice - constituting a known pitfall of PRAME IHC [18].
To our knowledge, the literature lacks instances of using a red chromogen for PRAME and a brown chromogen for Melan A in demonstrating DL for PRAME/Melan A [11, 13–15]. Previous studies opted for the reverse chromogen set-up (Figure 1A), citing potential interpretation difficulties with native melanin pigment as a result [13, 14]. In contrast, this study employed and explored the use of red chromogen for PRAME in conjunction with brown chromogen for Melan A, in order avoid challenges due to melanin pigment. However, it is evident that there are accompanying interpretation concerns in relation to the current chromogen arrangement used in the study as shown in Figures 4, 9. These examples, while nuclear PRAME labelling can still be seen, the intense darker background produced by the brown chromogen kit and the cytoplasmic labelling of dense melanocytic nests by Melan A, produce a challenging image for interpretation. In these instances, the reverse chromogen arrangement could be beneficial for pathologists as an alternative (Figure 1A).
Further protocol optimisation could also be explored towards the reduction of the IHC Melan A cytoplasmic component, through the dilution of primary antibodies used, which may also help facilitate sensitivity to PRAME scoring based on intensity, making it easier to discern lower intensity PRAME labelling within the DL method. However, given the use of a closed IHC system and RTU antibodies, this constitutes as a limitation to current study design—setting the basis for future technical exploration through other IHC systems.
The agreement between DL and SL slides was 96.1% (49/51) for PRAME and 100% for Melan A (51/51). The loss of signal focused on PRAME within the DL, with one +1 slide (1/5) and another +2 slide (1/2) being discordant within positive margin specimens only. Reasons for the loss of PRAME in the two discordant positive margin DL slides could be due to a number factors, from the pre-analytical processing of tissues, to the aforementioned technical considerations and the DL protocol itself. Furthermore, the weaker +1 and +2 PRAME labelling in the SL benchmark, indicates the presence of a smaller number of LM cells, which could be harder to detect through the novel DL protocol given that the proportionality of malignant (LM) to benign (background melanocytic hyperplasia) melanocytes will shift further towards the latter. Nevertheless, most examples of weaker (Figure 3) +1 (4/5) PRAME labelling within positive margins was detected successfully in the DL demonstrating high analytical sensitivity.
The total PRAME sensitivity in this study was 78.4% (40/51) utilising a >75% threshold, with a further breakdown showing 91.3% sensitivity in de-bulk specimens and 67.9% at morphologically positive margins. A comparable study by De Wet, Du Plessis, and Schneider (2022) reported a similar PRAME IHC sensitivity profile of 63% within SE LM margin biopsies, using the same criteria of >75% positivity threshold for tumor nuclei [7]. In addition, they emphasized the need for further investigation into the significance of lesser PRAME labelling (+1, +2, +3), raising questions in regards to the suitability of the >75% threshold for PRAME “diffuse” positivity, specifically within SE LM margins. These sentiments are echoed in the current study findings whereby a significant number of PRAME SL slides (7/28) showed intermediate or non-diffuse (classified as negative) PRAME positivity within the margins. The heterogeneous nature of LM, combined with a background of benign atypical melanocytic hyperplasia in sun-damaged skin, may necessitate alternative scoring methods for PRAME positivity within SMMS biopsies. Ultimately however, interpretation of PRAME IHC results, irrespective of scoring methods, should be done so within the context of morphological and clinical correlation—allowing for PRAME IHC to be interpreted as “positive/supportive” of LM without the need for the widely adopted “diffuse +4” scoring criteria set out by Lezcano et al [18].
Not all melanomas show diffuse positivity for PRAME and this pitfall extends to rare LM populations in which further PRAME IHC investigations would be invalid and therefore exclusion is advised [7, 8, 18]. Nonetheless, an alternative approach could be to use PRAME/Melan A DL as a “first-line” test in the rare cases whereby the PRAME status is unknown. In this way, adjunct IHC can still be captured through the highly sensitive cytoplasmic component of the Melan A, to help aid in margin assessment. De Wet, Du Plessis, and Schneider (2022) emphasize the importance of IHC as sole reliance on the gold standard H&E and histological criteria may lead to poorer patient management and morbidity [7]. This underscores the need for adjunct IHC as an integral part of LM/LMM margin assessment, advocating for tests like PRAME SL IHC and by extension PRAME/Melan A DL IHC. This is particularly relevant as IHC stains are not routinely used in the slow Mohs procedure at St. John’s Dermatopathology Department in which this study has been conducted.
The successful outcomes of this pilot study, providing context and performance for both PRAME SL and PRAME DL within SMMS margin assessment, could pave the way for future investigations. In particular, the prospective use of such stains at the time of initial work-up, with direct pathologist involvement, may become the standard for the diagnosis of SMMS cases.
SUMMARY TABLE
What Is Known About This Subject

• Staged excision techniques such as (slow) Mohs Micrographic Surgery, offer greater margin control over traditional methods.
• Adjunct PRAME Immunohistochemistry (IHC) can help in margin assessment of LM/LMM excision biopsies.
• PRAME can be combined with other markers in novel double-labelling (DL) techniques to further maximise utility.
What This Paper Adds

• Novel PRAME/Melan A DL IHC is a promising alternative to single labelling counterparts, showing high concordance (96.1%).
• Adjunct PRAME/Melan A DL IHC may aid in the assessment of challenging melanocytic lesions and residual LM within margins.
• Further research on interpreting PRAME in LM/LMM lesions with weak to intermediate labelling at margins would be valuable.
This work represents an advance in biomedical science because it demonstrates successfully, a novel PRAME/Melan A IHC DL technique within LM/LMM SMMS biopsies for aiding in margin assessment.
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Autoimmune blistering diseases (AIBD) comprise a heterogeneous group of uncommon disorders of the skin and mucous membranes, characterised by antibodies targeting structural proteins within epithelial tissue and the underlying basement membrane. There can be significant overlap in clinical presentation of these diseases and accurate diagnosis relies on the detection and characterisation of relevant autoantibodies. Immunofluorescence provides the gold-standard diagnostic tool for these diseases, identifying both tissue-bound autoantibodies in biopsy material using direct immunofluorescence and circulating antibodies in serum through indirect immunofluorescence. Following advances in the identification and subsequent characterisation of numerous antigenic targets in these diseases, the development of antigen-specific tests, in particular, enzyme-linked immunosorbent assays on serum specimens, has provided a third key tool to not only identify, but also quantify AIBD autoantibodies. This quantification has proven particularly useful in monitoring disease activity and informing clinical management decisions. Accurate diagnosis of these diseases is important since optimal treatment strategies differ between them and, prognostically, some diagnoses are associated with an increased risk of malignancy. This review outlines the molecular pathology underlying the major AIBD and describes how the three principal techniques can be used in combination, to provide best practice for diagnosis and treatment monitoring.
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INTRODUCTION
Autoimmune blistering diseases (AIBD) encompass a group of serious disorders of the skin and mucous membranes which are characterised by the production of autoantibodies which typically target structural proteins within epithelial tissue and in the underlying basement membrane zone, connecting epithelium with either dermis in skin or the lamina propria in mucosal tissue. This results in loss of structural integrity of these tissues and consequent blistering [1]. Prior to the development of modern immunosuppressive therapies, these diseases were commonly life-threatening, due to the loss of barrier function [2]. Accurate diagnosis of these diseases is important, both therapeutically, since diseases within this group respond differently to the range of treatment management options available and prognostically, due to increased risk of malignancy with certain diagnoses. Immunofluorescence techniques have provided the gold standard diagnostic tool for AIBD for over 50 years [3, 4] and facilitate visualisation of both tissue-binding autoantibodies by direct immunofluorescence (DIF) and circulating autoantibodies in serum by indirect immunofluorescence (IIF), using a variety of substrate tissues. With the subsequent identification and characterisation of specific antigens targeted by the autoantibodies in these diseases, development of a series of enzyme-linked immunosorbent assays (ELISA) has provided a third principal technique for not only identifying, but also quantifying specific circulating autoantibodies in patient serum samples [5, 6]. This has relevance both for monitoring disease activity and informing therapeutic management. In this review, the molecular pathology underlying the major AIBD will be outlined, the three principal diagnostic techniques will be described and typical results for the most common AIBD will be discussed, to illustrate how best practice diagnostics can be achieved using a combination of these methodologies.
MOLECULAR PATHOLOGY OF IMMUNOBULLOUS DISEASES
AIBD can be divided into two categories; those producing autoantibodies targeting antigens within the epithelium, termed the intra-epithelial autoimmune bullous diseases and those which generate autoantibodies that bind to a distinct group of structural proteins found in the region beneath the epithelium, comprising the sub-epithelial autoimmune bullous diseases [7]. More specifically, the structures targeted in these diseases are termed desmosomes and hemidesmosomes, respectively and their roles are outlined below.
Desmosomes and the Basement Membrane Zone
To maintain structural integrity, keratinocytes, the predominant epithelial cell type within human skin and mucosae, anchor themselves to adjacent keratinocytes via desmosomes, a type of cell junction. Desmosomes facilitate the direct connection of cytoskeletal keratin filaments between cells and are randomly located at the plasma membrane [8]. They are comprised of three protein superfamilies. Those of the plakin family (principally desmoplakin) and armadillo proteins, including plakoglobin and plakophilin, form a plaque structure on the intracellular side of the plasma membrane and attach directly to keratin intermediate filaments [9]. Cell adhesion molecules of the cadherin superfamily (principally desmogleins and desmocollins) are transmembrane proteins which are anchored to the plakin proteins within a keratinocyte [10]. They bridge the space between adjacent cells by binding in a heterophilic manner with other cadherins expressed by the adjacent cell. Hence, desmoglein molecules expressed by one keratinocyte bind desmocollin molecules on the adjacent cell and vice versa [11]. In humans, four desmoglein and three desmocollin genes have been identified [12]. All may be expressed in epithelial tissue, however, desmoglein 1 (DSG1) and desmoglein 3 (DSG3) are specifically targeted in AIBD.
The interface where epithelial cells attach to the underlying connective tissue is termed the basement membrane zone (BMZ) and is sometimes used synonymously with the dermo-epidermal junction in skin. It is a distinct structure, comprising four major ultrastructural regions and describes the area where focal attachment structures within basal keratinocytes interact with a series of molecules in the acellular space directly beneath the epithelium, to form a tight connection between the two layers, which also creates a selective barrier [13].
Within basal keratinocyte plasma membranes, structures called hemidesmosomes serve to bundle keratin intermediate filaments of the cytoskeleton together and attach them to other members of the plakin superfamily, in particular, plectin and dystonin (commonly referred to as BP230 or bullous pemphigoid antigen 1/BPAG1) [14]. These proteins associate, in turn, with a group of transmembrane proteins, notably β4 integrin and collagen XVII (synonymous with BP180 or bullous pemphigoid antigen 2/BPAG2). The extracellular domains of these proteins interact with anchoring filaments composed of laminin proteins, principally laminin 332 and laminin 311 in the electron-lucent zone known as the lamina lucida [15]. Beneath this layer is an electron-dense region known as the lamina densa, which is principally composed of type IV collagen, but also contains further laminin chains, nidogen-1 and proteoglycans.
The sublamina densa region (sometimes termed the fibrillar zone), directly beneath the lamina densa, comprises collagen VII anchoring fibrils, anchoring plaques composed of collagen IV and laminin, and collagen and elastic fibres. The anchoring fibrils not only link the lamina densa with the anchoring plaques of the underlying papillary dermis (or lamina propria in mucosal tissues) but also interact with laminin 332 in the lamina lucida, thus providing a direct link between hemidesmosomes in basal keratinocytes and papillary dermis/lamina propria, which is pivotal in maintaining a strong attachment between the epithelium and underlying connective tissue [16].
Intra-Epithelial Blistering Diseases
Autoantibodies directed against epitopes on the transmembrane adhesion molecules of desmosomes have been shown to be pathogenic in the intra-epithelial blistering diseases which comprise the pemphigus family [17, 18], all of which present with flaccid blisters or erosions, as a result of the loss of epidermal integrity elicited by targeting the inter-keratinocyte “glue.” The most common of these diseases, pemphigus vulgaris (PV), is primarily a disease of oral mucosal blistering and DSG3 is the principal target antigen [19]. A subset of PV patients develops cutaneous blisters, in addition to mucosal ones and these patients typically produce antibodies against DSG1, in addition to DSG3. Pemphigus foliaceus (PF) describes patients whose blistering is limited to cutaneous sites, who generate antibodies against DSG1 alone, in all but a handful of cases [20]. Paraneoplastic pemphigus (PNP) is an uncommon disease which occurs in the context of an underlying (typically lymphoproliferative) malignancy, resulting in autoantibodies against plakin proteins (principally envoplakin and periplakin), in addition to DSG3, being produced [21]. PNP is now recognised as the epithelial manifestation of a broader paraneoplastic autoimmune multiorgan syndrome [22].
Antibodies of the IgG isotype predominate in most cases of pemphigus. However, a small proportion of pemphigus patients produce IgA autoantibodies exclusively, which are most commonly directed against the desmoglein homolog, desmocollin-1 [23].
Prior to the advent of corticosteroids (e.g., prednisolone) in the 1950s, approximately 75% of pemphigus cases were fatal [2]. However, the subsequent development of potent immunosuppressive therapies, such as cyclophosphamide, azathioprine and mycophenolate mofetil, along with new ‘biologic’ therapies, such as the chimeric, anti-CD20 monoclonal antibody, rituximab, have reduced the mortality rate (excluding PNP) to approximately 5% [24], although 5 years mortality has been reported as 23% in a recent French study [25], predominantly due to co-morbidities in a relatively elderly population.
Sub-Epithelial Blistering Diseases
In contrast to the pemphigus family, individuals with diseases in the sub-epithelial blistering disease group produce autoantibodies which target proteins associated with the basement membrane zone, producing tense, pruritic blisters, clinically, which are sub-epithelial on histological examination [26]. The most common of these is bullous pemphigoid (BP), a disease usually seen in patients over the age of 70, unlike the (less common) pemphigus, which typically presents initially one to two decades earlier [27]. The most common autoantigen in BP is BP180/collagen XVII [28], specifically the non-collagen (NC)16A domain, found proximal to the plasma membrane, on the extracellular side. BP230/dystonin, an intracellular binding partner of BP180, is the second most commonly targeted autoantigen in BP [29] and >90% of BP sera are positive for circulating IgG antibodies directed against one (or both) of these molecules [30].
Mucous membrane pemphigoid (MMP) is distinguished from BP, clinically, by predominant mucosal involvement with oral and ocular sites being the two most commonly affected areas [31]. In addition to BP180, the α3 chain of laminin 332 is a target for autoantibodies in approximately 10%–20% of MMP cases [32]. MMP patients may also produce antibodies of the IgA isotype, in addition to IgG, which predominates in BP and such patients typically exhibit more severe and persistent disease [33].
Linear IgA disease (LAD) is characterised, immunopathologically, by production of BMZ-localising IgA antibodies, in which the soluble, ectodomain of BP180, rather than the (uncleaved) NC16A region, is the principal autoantigen [34]. Conversely, pemphigoid gestationis is an immunobullous disorder of pregnancy, in which low levels of IgG antibodies against BP180 NC16A are produced [35].
The most recently identified pemphigoid variant is characterised by the presence of antibodies against the laminin-γ1 chain, which was shown to be the target antigen in what had previously been termed anti-p200 pemphigoid [36], although, by comparison with BP or MMP, anti laminin γ1 pemphigoid is an uncommon variant.
Epidermolysis bullosa acquisita (EBA) is a sub-epithelial blistering disease that can be difficult to distinguish from BP, clinically, but can be diagnosed by detection of autoantibodies binding to type VII collagen [37].
Dermatitis herpetiformis (DH) is typically seen as the cutaneous manifestation of coeliac disease and most commonly presents as pruritic, symmetrically distributed papules and blisters at the extensor surfaces of upper and lower limbs [38]. DH is an IgA-mediated disease, however, unlike the previously discussed sub-epithelial blistering diseases, the autoantigen is not a hemidesmosomal component but epidermal transglutaminase [39], an enzyme expressed in the spinous layer of the epidermis. The major autoantigens identified in each AIBD are summarised in Table 1.
TABLE 1 | Principal auto-antibody specificities in immunobullous disorders.
[image: Table 1]IMMUNOPATHOLOGICAL DIAGNOSTIC TECHNIQUES
There are currently three widely used techniques to assist clinicians in the diagnosis and monitoring of AIBD: direct immunofluorescence microscopy of biopsy material, for detection of in situ tissue autoantibodies, indirect immunofluorescence microscopy, using patient sera and a range of tissue substrates to detect and titrate circulating autoantibodies and, less commonly, ELISA of serum specimens, to detect and quantitatively determine levels of autoantibodies to defined autoantigens in these diseases.
Direct Immunofluorescence (DIF)
DIF is a single-step procedure used to identify antibodies bound to cutaneous or mucosal antigens in situ and other proteins of relevance to AIBD. A primary antibody directed against the protein of interest and conjugated with a fluorescent dye (typically fluorescein isothiocyanate) is added to tissue sections derived from a patient biopsy. Any specific immune complexes formed during incubation of the tissue sections with these antibodies are then visualised using fluorescence microscopy with appropriate filters. The most commonly used panel of fluorescently conjugated antibodies detects tissue-bound IgA, IgG, and IgM immunoglobulins, in addition to the C3c subunit of complement and fibrinogen [40]. The sensitivity of DIF is superior to that of indirect immunofluorescence, since AIBD antibody concentrations are much higher in tissue than serum, hence it is the preferred method for establishing a diagnosis [41]. However, DIF provides limited information on quantities of antibodies present and no information on the antigenic targets of the immunoglobulins detected.
Biopsy material for direct immunofluorescence cannot be fixed in formalin, prior to analysis, since the resultant cross-linking of proteins inhibits antibody binding and even short exposure of a few minutes can render specimens unsuitable for DIF analysis [42]. The transport medium of choice is the immunofluorescence-specific solution, Michel’s medium [43], which is widely available commercially and preserves immune complexes for up to 6 months at room temperature [44]. Following receipt in the laboratory, specimens are typically rinsed in phosphate buffered saline, to remove ammonium salts present in Michel’s medium and then snap-frozen in an embedding compound such as OCT, following careful orientation of the specimen [45]. A series of frozen tissue sections, ideally of 4–5 μm thickness, are cut using a cryostat and placed on microscope slides, prior to addition of fluorescent conjugates and incubation, to facilitate immune complex formation. Following incubation, slides are washed, to remove unbound antibodies, then dried, mounted in buffered glycerol and examined by fluorescence microscopy. Inclusion of both positive and negative control material representing all conjugates under investigation and processed contemporaneously with test material, is essential for the accurate interpretation of direct immunofluorescence microscopy.
Indirect Immunofluorescence (IIF)
IIF is a two-step procedure used to identify circulating autoantibodies to cutaneous or mucosal antigens in patient serum. These antibodies are most commonly of IgG and IgA isotypes. Although serological antibody concentrations are typically much lower than those found in tissues of patients with AIBD and DIF has a higher sensitivity for detection of these diseases [46], IIF is a useful tool, both for confirming diagnoses made using DIF and for facilitating titration of antibody levels, which can be useful in treatment monitoring if ELISA is unavailable or less common antigens are targeted. This technique can also be used to establish a primary diagnosis in patients where a tissue biopsy is not possible or considered inappropriate. In recent years, IIF techniques have been performed alongside ELISA methodologies, to improve detection sensitivity and provide data on autoantibody specificity [47].
Following blood sample collection, serum is separated by centrifugation and can be stored at 4°C for up to 1 month, prior to analysis. To detect circulating autoantibodies, tissues containing corresponding antigens must be used as a substrate. Two principal tissue types are commonly employed. Monkey oesophagus provides a rich source of desmoglein proteins, particularly desmoglein-3 and is therefore the substrate of choice for the detection of pemphigus vulgaris antibodies [48]. Commercial slides are widely used and can be stored at 4°C for several months, prior to use. Normal human skin, usually derived from discarded surgical material, is the second most commonly used tissue substrate for IIF studies. Whilst both tissues can be used to screen for, and titrate out, circulating antibodies in most AIBD, normal human skin offers several advantages, including greater sensitivity (with the exception of antibodies associated with pemphigus vulgaris) [49] and antigenic localisation options unavailable when using monkey oesophagus. In addition, there are two key limitations to the use of monkey oesophagus substrate for IIF. Firstly, this tissue is known to exhibit non-specific intercellular fluorescence of epithelium in sera from a sub-population of individuals with no underlying immunobullous disease, potentially resulting in false positive diagnoses of pemphigus. Pre-adsorption of test sera with soluble A/B blood group antigens, as a blocking step, may reduce this non-specificity [50]. Secondly, monkey oesophagus expresses very low levels of BP180 protein, the most common antigen targeted in bullous pemphigoid and, therefore, false negative diagnosis of this disease is possible if monkey oesophagus is the sole substrate used in IIF analysis [51].
In addition to normal human skin substrate, use of human salt-split skin provides a valuable third substrate for IIF. The split-skin method is a relatively straightforward and reliable technique for distinguishing between epidermal and dermal-binding autoantibodies in sub-epithelial AIBD [52]. It relies on splitting human skin through a defined cleavage plane in the lamina lucida, such that BP antigens typically localise to the epidermal side (often referred to as the “roof” of the split) whereas components of the lamina densa, including laminin proteins and the EBA antigen, type VII collagen, are found on the dermal side (i.e., the “base” or “floor” of the split). Various methods exist to split skin through the lamina lucida, the most commonly used being incubation of skin in 1M sodium chloride for 24–72 h at 4°C [53]. Following incubation, the epidermis can be gently teased apart from the underlying dermis using a fine pair of forceps. In addition to providing a substrate for IIF screening, this technique can also be used to split biopsies in DIF studies, to localise BMZ antibody distribution (Figure 1).
[image: Figure 1]FIGURE 1 | Utility of salt-split skin in differentiating autoimmune bullous dermatoses. BP, bullous pemphigoid; EBA, epidermolysis bullosa acquisita. Modified from [54].
A fourth, less frequently used IIF substrate is rat (or monkey) urinary bladder, or similar tissues, that contain transitional epithelium. Unlike stratified squamous epithelium found in skin, transitional epithelium does not produce DSG1 or DSG3, but expresses significant levels of desmosomal plakin family proteins, especially envoplakin, periplakin and desmoplakin [55]. Antibodies against these proteins are found in the serum of patients with PNP and intercellular IgG fluorescence on this substrate may provide a diagnostic indicator of this disease [56], although it is not seen in all patients.
To detect circulating autoantibodies in a patient with a suspected AIBD, slides prepared with 4–5 μm frozen sections of appropriate tissue substrates are incubated with diluted patient serum. After incubation, slides are washed to remove unbound antibodies and incubated again with fluorescently labelled anti-human IgG or IgA conjugates. They are then washed again and dried, prior to mounting and subsequent fluorescence microscopy. Results are typically reported either qualitatively (positive or negative for intercellular or basement membrane zone fluorescence) or semi-quantitatively (by end-point titre of serial serum dilutions) for both IgG and IgA conjugates [57]. As with direct immunofluorescence, inclusion of appropriate positive and negative control sera for all substrates and conjugates used with test specimens is essential for valid interpretation of results.
Enzyme-Linked Immunosorbent Assay (ELISA)
In addition to IIF techniques, circulating antibodies in serum from patients with AIBD can be detected using ELISA. Unlike IIF, ELISA techniques are specific for known autoantigens and offer higher sensitivity and a greater degree of quantitation [58], which can be particularly useful for treatment monitoring of patients. They are routinely performed using 96 well microtitre plates that have been pre-coated with recombinant antigenic peptides. Diluted serum is added and any specific antibodies in the serum will bind to the immobilised antigen. Following washing to remove unbound antibodies, a secondary antibody raised against human IgG and conjugated with an enzyme that catalyses a colorimetric reaction is added. After further incubation and washing steps, a substrate for the enzyme conjugated to the secondary antibody is added and a colour change occurs which is directly proportional to the quantity of specific antibody present in the patient serum sample. This colour change is quantified using spectrophotometry and compared with that produced from known standards in other wells on the plate to generate quantitative data.
ELISAs are typically performed using commercial kits to assess the most commonly occurring autoantibodies seen in AIBD, i.e., DSG1 & DSG3 antibodies in pemphigus [59], BP180 & BP230 antibodies in pemphigoid diseases [60, 61] and collagen VII antibodies in EBA [62]. A limitation of these assays is that ELISA systems only detect antibodies against specific, known antigens and are, therefore, of limited value in assessing patient sera that predominantly contain antibodies to other, less common antigens seen in AIBD. This technique is, therefore, most useful when used in combination with IIF methodologies or for monitoring levels of antibodies in patients with previously characterised, specific antigen positivity, undergoing continued treatment [63].
DIAGNOSTIC FINDINGS
Application of DIF methodologies to tissue biopsies and IIF protocols to serum specimens from patients with suspected AIBD produces two principal types of fluorescence pattern. Those patients with intra-epithelial AIBD display an intercellular pattern, as a result of antibody binding to disrupted desmosomes located on epithelial cell membranes, whereas patients with sub-epithelial AIBD exhibit sharp, linear fluorescence at the basement membrane zone, due to antibody binding to hemidesmosomal targets in these tissues. Further diagnostic clues in DIF are provided by spatial localisation of fluorescence and the combination and relative fluorescence intensity of positive conjugates observed. A combination of substrate positivity, fluorescence pattern seen (intercellular vs. linear), conjugate positivity (IgG vs. IgA), split skin analysis and relevant ELISA positivity can be used to provide a diagnosis from a serum sample (Figure 2). Specific findings for the most commonly seen AIBD are described below.
[image: Figure 2]FIGURE 2 | Direct immunofluorescence findings in autoimmune bullous dermatoses. PF, pemphigus foliaceus; BP, bullous pemphigoid; EBA, epidermolysis bullosa acquisita; LAD, linear IgA disease; DH, dermatitis herpetiformis. Scale bar = 100 µm.
Pemphigus
Direct immunofluorescence in patients with all types of pemphigus produces a characteristic, sharp, “chicken-wire” pattern with IgG and/or C3 conjugates, localising to epithelial cell membranes (Figure 3). IgA may also be seen in a similar pattern in a small number of cases. This finding is diagnostic for pemphigus [46]. Despite differences in the expression patterns of DSG1 and DSG3 between cutaneous and mucosal epithelial tissues, it can be challenging to reliably differentiate between PV and PF in DIF studies. In addition, quantitation of antibody levels is not possible by DIF. In a very small number of cases, the presence of linear IgG and/or C3 deposition at the BMZ, in addition to epithelial intercellular IgG, raises the possibility of PNP, which also requires serological investigations for accurate diagnosis. Therefore, serum should be requested from all patients with positive DIF for pemphigus, for further characterisation.
[image: Figure 3]FIGURE 3 | Typical indirect immunofluorescence findings in autoimmune bullous dermatoses. PV, pemphigus vulgaris; PF, pemphigus foliaceus; PNP, paraneoplastic pemphigus; BP, bullous pemphigoid; EBA, epidermolysis bullosa acquisita. Scale bar = 100 µm.
Monkey oesophagus is most commonly used as a substrate to titrate IgG antibodies from the serum of patients with PV, whereas patients with PF exhibit IgG antibodies which bind preferentially to human skin substrate. This substrate distinction is not absolute, since serum from patients with the mucocutaneous variant of PV, who produce autoantibodies against both DSG1 and DSG3, display immunofluorescence on both substrates and monkey oesophagus typically also fluoresces in PF. Quantitation of specific anti-DSG1 and DSG3 antibodies can be achieved with DSG ELISA and facilitates pemphigus sub-typing. Patients with DSG1 antibodies alone are defined as having PF, whereas those with anti DSG3 (with or without additional anti DSG1 antibodies) are predominantly patients with PV [19]. DSG antibody ELISA values generally correlate well with IIF titres and disease severity [64], although the greater sensitivity and specificity of ELISA makes it the preferred technique for monitoring disease activity and treatment response [63].
IIF using rat transitional epithelium substrate can be performed on sera from patients with suspected PNP, who typically also express DSG3 ± DSG1 antibodies. PNP can be differentiated from PV by the additional finding of intercellular IgG deposition on transitional epithelium (Figure 4), due to the presence of plakin family antibodies in this disease, most commonly envoplakin and periplakin [65]. Specific envoplakin antibody ELISA can also be used to indicate a PNP diagnosis.
[image: Figure 4]FIGURE 4 | Differential diagnoses of autoimmune blistering diseases, based on the serological detection of autoantibodies. BMZ, basement membrane zone; MM, mucous membranes.
Pemphigoid
Diseases of the pemphigoid sub-family show a linear deposition pattern of IgG and/or C3 at the BMZ of epithelial tissue by DIF, due to the hemidesmosomal location of antigens targeted in these diseases (Figure 3). IgA linear BMZ fluorescence is also seen in some pemphigoid patients, particularly those with MMP. Salt-splitting of biopsies from most pemphigoid patients and subsequent repeated processing for DIF reveals localisation of linear fluorescence to the epidermal side (roof) of the split, typically representative of antibodies to epitopes within BP180 and/or BP230 proteins (Figure 2). Localisation of linear fluorescence to the dermal side (base) of salt-split skin is indicative either of EBA or a dermal-binding pemphigoid, including those that target chains of laminin proteins (e.g., laminin-332 and γ1 laminin), which have a higher association with malignancy [66] and are difficult to treat [67].
Indirect immunofluorescence on sera from BP patients, using split normal human skin as a substrate, typically produces circulating autoantibody titres that are higher than those seen in pemphigus. In addition, IIF permits differentiation of this disease from EBA, in cases where biopsy material is not available for DIF analysis, in addition to identification of patients with a heterogeneous autoantibody response, which may be observed as immunolocalisation to both the roof and base on the split skin substrate. A specific ELISA for anti BP180 and/or BP230 antibodies provides confirmation of a BP diagnosis with approximately 90% sensitivity [68]. BP180 ELISA values correlate with disease activity [69], although there is no strong correlation between BP230 ELISA levels and disease activity [61] and a number of pemphigoid patients have no detectable circulating antibodies against either of these proteins. This is most often observed in patients with MMP, in whom up to 50% of cases are undetectable by either IIF [70] or anti BP180/BP230 antibody ELISA [71]. Anti-BP180 ELISA is a particularly useful tool for diagnosing patients with pregnancy-associated pemphigoid gestationis, who exhibit low levels of IgG binding to BP180 antigens which is often detectable only with the C3 conjugate in DIF. However, strong anti-BP180 ELISA positivity from serum can be diagnostic for PG, in the appropriate clinical context [72].
Linear IgA Disease
Patients with linear IgA disease show a bright, linear deposition of IgA at the BMZ on DIF. In addition, there may be a weak linear IgG and/or C3 band present in some patients. The relative intensities of the IgA and IgG deposits can be useful in differentiating linear IgA disease from MMP, if this is unclear from the clinical or histological presentations. Since BP180 is the predominant target antigen in linear IgA disease, split-skin IIF in these patients typically shows localisation of IgA to the roof of the split, although titres are lower, compared with IgG levels seen in pemphigoid patients. A small proportion of linear IgA cases show base-binding localisation, which may be attributable to collagen VII reactivity, since this is the predominant antigen in cases of drug-induced linear IgA disease precipitated by the antibiotic, vancomycin [73]. Commercial anti BP180 antibody ELISA is uninformative for this disease since kits use an anti-IgG conjugate for detection of signal.
Epidermolysis Bullosa Acquisita
DIF on biopsies from EBA patients shows linear deposition of IgG, with or without C3, at the basement membrane zone, in a similar pattern to that seen in BP patients. However, careful microscopic examination may indicate a slightly thicker band than that seen in BP, with a u-serrated pattern seen at higher magnifications [74]. Salt-splitting of the biopsy and repeated DIF analysis results in localisation of the linear deposition to the base of the split. This facilitates differentiation from most cases of pemphigoid, except those targeting chains of laminin proteins. IIF for EBA using human split skin shows the same basal localisation of linear BMZ fluorescence and anti collagen VII antibody ELISA is useful to confirm EBA, differentiate it from dermal-binding (laminin) pemphigoid cases and to help guide treatment decisions, since circulating anti COLVII antibody levels correlate with disease activity [75].
Dermatitis Herpetiformis
Biopsies from patients with DH exhibit a characteristic pattern of granular (sometimes fibrillar) deposition of IgA at or just below the dermo-epidermal junction (Figure 2). Deposits may be subtle and IIF using standard substrates is usually negative, possibly due to an absence of tissue-fixed epidermal transglutaminase [76], although the precise mechanism by which IgA immune deposits localize at the dermo-epidermal junction in this disease remains incompletely understood [77].
CONCLUSION
Direct immunofluorescence remains the gold standard for the diagnosis of AIBD from cutaneous and mucosal biopsies. Advances in the characterisation of the autoantibodies produced in these diseases and their antigenic targets has facilitated the development of additional serological assays which can be used both to confirm and refine the diagnosis indicated by DIF. In particular, the availability of autoantibody-specific ELISA has increased serological sensitivity of AIBD detection over the last 25 years and provided quantitation of antibody production that has become a valuable tool in the therapeutic management of patients. Combined use of DIF, multi-substrate IIF and ELISA methodologies currently provides the optimal strategy for diagnosis and immunological monitoring in these diseases. Future developments will likely focus on the continued development of multiplex assays that facilitate simultaneous measurement of multiple antibodies in a single serum sample, including multi-substrate BIOCHIP mosaics for IIF [78], multiparameter ELISA kits [79, 80] and multiplex bead-based immunoassays [81]. Correlation of the resulting antibody profiles from such assays with prognostic outcomes raises the possibility of individualised treatment options.
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Evaluation of a New Mordant Based Haematoxylin Dye (Haematoxylin X) for Use in Clinical Pathology
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Recently, St John’s Dermatopathology Laboratory and CellPath Ltd have developed a new patented haematoxylin dye (Haematoxylin X) that utilises a chromium-based mordant (Chromium Sulphate). In this study, the performance of this new haematoxylin (Haematoxylin X) was compared against some commonly utilised alum-based haematoxylins (Carazzi’s, Harris’ and Mayer’s) when used as a part of formalin-fixed paraffin embedded (FFPE) tissue, special stains, immunohistochemical counterstaining and frozen section (Mohs procedure) staining procedures. FFPE sections of different tissue types and frozen skin tissues were sectioned and stained with each haematoxylin subtype to allow for a direct comparison of staining quality. The slides were independently evaluated microscopically by two assessors. A combined score was generated to determine the sensitivity (defined as the intensity of haematoxylin staining being too weak or too strong and the colour of the haematoxylin staining not being blue/black) and specificity (defined as the presence of haematoxylin background staining, uneven staining, and staining deposits) for each of the four haematoxylin subtypes. The scoring criteria were based on the UKNEQAS Cellular pathology techniques assessment criteria. In FFPE tissue, the results for specificity identified Harris haematoxylin scoring the highest (91.2%) followed by Haematoxylin X (88.0%) and Mayer’s (87.0%). The sensitivity scores again identified Harris haematoxylin as scoring the highest (95.1%) followed by Haematoxylin X (90.0%) and Mayer’s (88.0%). In frozen tissue, the results for specificity identified Haematoxylin X as scoring the highest (85.5%) followed by Carazzi’s (80.7%) and Harris’ (77.4%). The sensitivity scores again identified Haematoxylin X as scoring the highest (86.8%) followed by Carazzi’s (82.0%) and Harris’ (81.0%). The results achieved with all four haematoxylins showed a high degree of comparability, with Harris’ haematoxylin scoring high scores overall compared to the other four when assessing FFPE sections. This may have been due to familiarity with the use of Harris’ haematoxylin in-house. There was also evidence of more pronounced staining of extracellular mucin proteins with Haematoxylin X compared to the other alum haematoxylins that were assessed. Haematoxylin X scored highest when used in frozen section staining. In addition, Haematoxylin X has a potential applications for use in IHC and special stains procedures as a counterstain.
Keywords: Haematoxylin X, Mohs micrographic surgery, routine staining, haematoxylin, paraffin processed and frozen tissue
INTRODUCTION
The haematoxylin dye remains the gold standard for microscopic nuclear visualisation of cellular and tissue components in Histopathology [1]. When used in combination with eosin dye, it remains the staple in the interpretation of pathological changes of tissue sections under microscopic evaluation. However, whilst most diagnostic tools have advanced in the last decades, the haematoxylin dyes have remained relatively unchanged since the 1980s. Recently, St John’s Dermatopathology Laboratory and CellPath Ltd developed a new patented haematoxylin dye (Haematoxylin X) that utilises a chromium-based mordant (Chromium Sulphate) [2]. In this study, the performance of this new haematoxylin (Haematoxylin X) was compared against some commonly utilised alum-based haematoxylins (Carazzi’s, Harris’ and Mayer’s) when used as a part of formalin-fixed paraffin embedded (FFPE) tissue, special stains, immunohistochemical counterstaining and frozen section (Mohs procedure) staining procedures.
The haematoxylin dye is extracted from the bark of the logwood tree Haematoxylum campechianum [2]. The logwood tree genus Haematoxylum is derived from the Greek word haima: blood and xylon: wood, which is in reference to the dark-red colour of the logwood [3]. The species name campechianum is in reference to its city of origin, which is Campeche, located on the Yucatan peninsula of Mexico [3].
The haematoxylin dye, which is weakly anionic in nature, once bound to a mordant becomes basic and positively charged [4]. This results in the dye binding to substances which are acidic in nature resulting in its ability to bind to DNA/RNA, which are basophilic and negatively charged due to the phosphate backbone in their structure [4]. The negatively charged backbone binds with the basic dye resulting in the formation of salts [4]. However, the haematoxylin dye itself does not stain the cellular components, but the oxidised form haematin, which achieves the distinct blue/black colour [5]. The conversion of haematoxylin to haematin is achieved by one of two methods;
1) Natural oxidation (ripening), which achieves oxidation with exposure to air and light. This is the slower of the two options and can take up to 4–10 weeks [3].
2) Chemical oxidations achieve conversion by using a chemical agent (e.g., Sodium Iodate or Mercuric Oxide). It is the faster of the two methods and can achieve results with immediate effect [3].
Haematin is anionic in nature, resulting in a reduced ability to bind to tissue, with nuclear staining only achieved with the use of a mordant [4]. The mordants utilised are usually metal cations such as Chromium, Iron, Aluminium, Molybdenum, Lead and Tungsten [4]. These heavy metal salts or hydroxides provide a valency of two or three, resulting in a net positive charge to the complex formed by replacing a hydrogen atom from the haematoxylin dye, allowing the anionic dye to bind to cellular components [4]. There are a broad range of mordants utilised, which can impact the tissue components stained and the colour of staining.
There has been little advancement in the haematoxylin dye chemistry since the 1980s. The lack of research into new methods or formulations (e.g., new mordants) can hinder any improvements in quality of performance and efficiency. The development of Haematoxylin X, which utilises a novel Chromium Sulphate mordant, is the first major change in haematoxylin composition in decades. In this study, we assessed the performance of this new haematoxylin (Haematoxylin X) against some commonly utilised alum-based haematoxylins (Carazzi’s, Mayers and Harris) when used as a part of formalin-fixed paraffin-embedded (FFPE) tissue sections, special stains, immunohistochemistry (IHC) counterstaining and frozen section (Mohs procedure) staining process. The selection of the three alum haematoxylins was based on the author’s previous publication, which assessed the staining quality of nine different haematoxylin subtypes [6]. The final three selected represented dyes that scored across the spectrum of well, moderately, and poorly as determined by the criteria set out in Table 1.
TABLE 1 | Factors that were used to assess the sensitivity and specificity of all haematoxylin subtypes.
[image: Table 1]MATERIALS AND METHODS
As part of the FFPE tissue staining analysis, ten tissue types were selected, comprising of normal skin, fibrofatty tissue (lipoma), small bowel, liver, breast, prostate, uterus, keloid and lymph node material. For each tissue type, ten different tissue blocks were generated, with one section being cut on each to produce 100 slides. The samples were first fixed in 10% neutral buffered formalin (Genta Medical Ltd, York, United Kingdom, see Table 2) for 24 h before undergoing paraffin wax processing on a routine overnight protocol (shown in Table 3) set up on a Sakura VIP 6AI tissue processor (Sakura Finetek, Thatcham, United Kingdom). Following the embedding of each of the ten tissues into histological cassettes, the samples were sectioned at 4um and mounted on uncharged glass microscope slides (CellPath Ltd, Powys, United Kingdom, see Table 2). To ensure adequate adherence of the sections to the glass slides, the tissue sections were baked in a 68°C oven for 20 min before the staining process was initiated.
TABLE 2 | Reagent and consumable list.
[image: Table 2]TABLE 3 | Tissue processor protocol for routine overnight processing.
[image: Table 3]To ensure standardisation of the staining process, the staining was performed on an automated Leica XL autostainer (Leica Biosystems, Milton Keynes, United Kingdom). The staining protocol for each of the four haematoxylin dyes (Haematoxylin X, Harris’, Mayer’s and Carazzi’s) was individually optimised by increasing or decreasing the immersion times in haematoxylin and/or acid alcohol. The concentration and timing of the remaining reagent constituents of the H&E staining process (i.e., eosin, ammoniated alcohol, industrial denatured alcohol 99%, and xylene) remained unchanged for all four haematoxylin dyes. Before the staining process, each haematoxylin dye was filtered before use to remove any precipitate that may have formed. The optimal staining protocol for each of the four dyes was determined by the microscopic evaluation of the stained slides by two of the authors, who are approved UKNEQAS CPT scheme assessors (GEO and CD) to determine which variable (haematoxylin and/or acid alcohol immersion times) needed to be amended to produce the optimum quality of staining. The assessment was performed by comparing the staining against the assessment criteria set out in Table 1. The optimised protocol-stained slides were then independently reviewed by the UKNEQAS CPT team, who provided feedback on the staining quality. The finalised protocols for each haematoxylin subtype are shown in Table 4. The last step involved the dehydration and clearing of the slides in industrial denatured alcohol 99% (Genta Medical Ltd, York, United Kingdom, see Table 2) and xylene (Genta Medical Ltd, York, United Kingdom, see Table 2) before the application of a mountant (Leica CV mount, Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) and a glass coverslip (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2).
TABLE 4 | H&E protocols times for the staining of FFPE tissue by each haematoxylin subtype.
[image: Table 4]As part of the fresh tissue staining analysis, 250 anonymised sample tissues were selected from patients who had undergone the Mohs procedure for the treatment of cutaneous malignancies. All the samples were sectioned at 15 µm thickness on a Leica CM 1950 cryostat (Leica Biosystems, Milton Keynes, United Kingdom) and picked up on a charged Super frost glass slides (VWR international, Leicestershire, England, see Table 2). Before the initiation of the staining process, all slides were baked on a hot plate set at 80°C for 2 min, followed by 2 min in industrial denatured alcohol 99% (Genta Medical Ltd, York, United Kingdom, see Table 2) and water for an additional 3 min. To allow for increased standardisation, all staining of the fresh samples was carried out on a Linistat Linistainer (Thermofisher Scientific, Paisley, United Kingdom). Each of the haematoxylins were individually optimised by staining debulk sections, by increasing or decreasing the immersion times in haematoxylin and/or acid alcohol. As with FFPE staining process, the concentration and timing of the remaining reagents constituents of the H&E staining process (i.e., eosin, Scott’s tap water, industrial denatured alcohol 99%, and xylene) remained unchanged for all four haematoxylin dyes. The optimal staining protocols were determined by the author’s GEO and JG (who are approved UKNEQAS CPT scheme assessors) by microscopic assessment of each stained slide to elucidate which variable was required to be amended (haematoxylin and/or acid alcohol immersion times) to improve the staining result. The slides were assessed against the criteria set out in Table 1. The optimised protocol-stained slides were then independently reviewed by the UKNEQAS CPT team, who provided feedback on the staining quality. The finalised staining protocol for fresh tissue samples for each of the haematoxylin dyes is shown in Table 5. Once the slides were stained, they were dehydrated and cleared. Finally, CV mountant (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) was applied and a glass coverslip (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) was placed on top.
TABLE 5 | H&E protocols times for the staining of Fresh tissue by each haematoxylin subtype.
[image: Table 5]Upon completion of staining of all FFPE and fresh tissue cases with each of the haematoxylin dyes, the slides were assessed independently by two of the authors in a blind trial approach. The scoring of the slides was based upon a modified version of the United Kingdom External Quality Assurance Cellular Pathology Techniques (UKNEQAS CPT) Tissue Diagnostics and Mohs procedure assessment criteria [7, 8]. Each assessor allocated a score between 1 and 5 based on the modified UKNEQAS scoring criteria, with the assessment focusing on the quality of haematoxylin staining. The criteria utilised in this assessment are highlighted in Table 1.
The results assigned by each judge for the specificity and sensitivity of each slide were then combined to generate an overall score for each slide out of 10. These results were then added together and divided by 100 to calculate the mean. The mean was then divided by 10 and multiplied by 100 to generate sensitivity and specificity scores as a percentage for each haematoxylin dye. These sensitivity and specificity scores generated were critically evaluated to determine the staining quality of Haematoxylin X against the other commonly used haematoxylins.
To perform the special stains, initially, the FFPE blocks were sectioned at 4 µm thickness on a Leica Histocore biocut rotary microtome (Leica Biosystems, Milton Keynes, United Kingdom) and picked up on a charged Super frost glass slides (VWR international, Leicestershire, England, see Table 2). The slides were then baked on a hotplate set at 80°C for 15 min. The slides were then deparaffinised by running through three changes of xylene (Genta Medical Ltd, York, United Kingdom, see Table 2) and IDA99% (Genta Medical Ltd, York, United Kingdom, see Table 2), then into running tap water.
To perform the periodic acid Schiff stain the slides were treated with 1% periodic acid (VWR international, Leicestershire, England, see Table 2) for 10 min and then rinsed in running tap water. The slides were then treated in Schiff’s reagent (Merck Life Science, Dorset, United Kingdom, see Table 2) for 20 min and then rinsed in running tap water for 10 min. Next, the sections were counterstained with Haematoxylin X for 2 min, rinsed and then differentiated in 1% acid alcohol for 5 s. The rinsed slides were then treated with ammoniated alcohol for 1 min and then rinsed in running tap water. Lastly, the slide was dehydrated rapidly in IDA 99% (Genta Medical Ltd, York, United Kingdom, see Table 2), cleared in xylene (Genta Medical Ltd, York, United Kingdom, see Table 2), and mounted with CV mount (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) and a cover glass (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2).
To perform the Alcian blue stain, the sections were first stained with filtered Alcian blue solution (Merck Life Science, Dorset, United Kingdom, see Table 2) for 10 min. Next, the sections were rinsed with running tap water and then counterstained with Haematoxylin X for 5 min, rinsed and then differentiated in 1% acid alcohol for 5 s. The rinsed slides were then treated with ammoniated alcohol for 1 min and then rinsed in running tap water. Lastly, the slide was dehydrated rapidly in IDA 99% (Genta Medical Ltd, York, United Kingdom, see Table 2), cleared in xylene (Genta Medical Ltd, York, United Kingdom, see Table 2), and mounted with CV mount (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) and a cover glass (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2).
To perform the Masson trichrome stain, the slide was stained with Haematoxylin X for 20 min and then washed in running tap water. The sections were then differentiated in 1% acid alcohol for 10 s and then blued in running tap water. Next, the sections were stained with the red cytoplasmic stain (two parts 1% Ponceau de Xylidine (Ponceau 2R) in 1% acetic acid and one part 1% acid fuchsin in 1% acetic acid) for 10 min and then washed in running tap water. The sections were differentiated in 1% phosphomolybdic acid until the collagen was decolourised and the muscle fibres, red blood cells and fibrin remained red. Once the slide was rinsed in distilled water, the section was stained with 0.5% aniline blue in 1% acetic acid for 1 min and then rinsed in 1% acetic acid (VWR international, Leicestershire, England, see Table 2). Lastly, the slide was blot dried, dehydrated rapidly in IDA 99% (Genta Medical Ltd, York, United Kingdom, see Table 2), cleared in xylene (Genta Medical Ltd, York, United Kingdom, see Table 2), and mounted with CV mount (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) and a cover glass (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2).
To perform manual counterstaining in immunohistochemical staining, the slides were first allowed to stain in the Roche Ventana Benchmark Ultra (Roche Diagnostics Ltd, Burgess Hill, United Kingdom) without the selection of counterstaining. The slides were then removed before being washed with EZ prep solution (Roche Diagnostics Ltd, Burgess Hill, United Kingdom) and running water to remove any excess LCS solution (Roche Diagnostics Ltd, Burgess Hill, United Kingdom). The slides were then placed in filtered Haematoxylin X and allowed to stain for 3 min. The slides were then washed in running water and differentiated in acid alcohol for 3 s. Next, the slides were washed in running water and then blued in ammoniated alcohol for 30 s. Lastly, the slide was dehydrated rapidly in IDA 99% (Genta Medical Ltd, York, United Kingdom, see Table 2), cleared in xylene (Genta Medical Ltd, York, United Kingdom, see Table 2), and mounted with CV mount (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2) and a cover glass (Leica Biosystems, Milton Keynes, United Kingdom, see Table 2).
RESULTS
All the slides evaluated, which were stained with each of the four haematoxylin dyes, stained as expected with varying degrees of nuclear staining intensity. The specificity and sensitivity results generated for each of the four haematoxylins as based on the UKNEQAS criteria set out in Table 1 are shown in Table 6. Figure 1 shows the specificity and sensitivity in a graphical format.
TABLE 6 | Breakdown of specificity and sensitivity result for each haematoxylin subtype for frozen and paraffin sections.
[image: Table 6][image: Figure 1]FIGURE 1 | Graph of sensitivity and specificity of all haematoxylin stain subtype for frozen and paraffin sections.
Carazzi’s haematoxylin-stained fresh tissue sections produced good quality staining with clear visualisation of the nucleoli and chromatin details. There was an acceptable contrast between the eosin and haematoxylin staining, minimal background and uneven staining patterns (see Figure 2A). Carazzi’s haematoxylin received the second highest score for specificity and sensitivity of 80.7% and 82.0%. In contrast, when used on FFPE tissue, Carazzi’s haematoxylin produced a paler nuclear staining. However, the chromatin and nucleoli detail was still visible. There was a poorer haematoxylin-to-eosin balance due to the eosin overpowering the weaker haematoxylin staining (see Figures 3A, 4A, 5A, 6A). Overall, Carazzi’s haematoxylin scored 78.1% and 85.2% for specificity and sensitivity, respectively.
[image: Figure 2]FIGURE 2 | Example of frozen section of skin stained with different haematoxylins. (A) (×20 magnification) shows a photomicrograph of an H&E section stained with Carazzi’s haematoxylin. (B) (×20 magnification) shows a photomicrograph of an H&E section stained with Harris’ haematoxylin. (C) (×20 magnification) shows a photomicrograph of an H&E section stained with Haematoyxlin X. (D) (×10 magnification) shows a photomicrograph of an H&E section stained with Mayer’s haematoxylin.
[image: Figure 3]FIGURE 3 | Example of paraffin section of liver stained with different haematoxylins. (A) (×20 magnification) shows a photomicrograph of an H&E section stained with Carazzi’s haematoxylin. (B) (×20 magnification) shows a photomicrograph of an H&E section stained with Harris’ haematoxylin. (C) (×20 magnification) shows a photomicrograph of an H&E section stained with Haematoyxlin X. (D) (×20 magnification) shows a photomicrograph of an H&E section stained with Mayer’s haematoxylin.
[image: Figure 4]FIGURE 4 | Example of paraffin section of prostate stained with different haematoxylins. (A) (×20 magnification) shows a photomicrograph of an H&E section stained with Carazzi’s haematoxylin. (B) (×20 magnification) shows a photomicrograph of an H&E section stained with Harris’ haematoxylin. (C) (×20 magnification) shows a photomicrograph of an H&E section stained with Haematoyxlin X. (D) (×20 magnification) shows a photomicrograph of an H&E section stained with Mayer’s haematoxylin.
[image: Figure 5]FIGURE 5 | Example of paraffin section of skin stained with different haematoxylins. (A) (×20 magnification) shows a photomicrograph of an H&E section stained with Carazzi’s haematoxylin. (B) (×20 magnification) shows a photomicrograph of an H&E section stained with Harris’ haematoxylin. (C) (×20 magnification) shows a photomicrograph of an H&E section stained with Haematoyxlin X. (D) (×20 magnification) shows a photomicrograph of an H&E section stained with Mayer’s haematoxylin.
[image: Figure 6]FIGURE 6 | Example of paraffin section of Uterus stained with different haematoxylins. (A) (×20 magnification) shows a photomicrograph of an H&E section stained with Carazzi’s haematoxylin. (B) (×20 magnification) shows a photomicrograph of an H&E section stained with Harris’ haematoxylin. (C) (×20 magnification) shows a photomicrograph of an H&E section stained with Haematoyxlin X. (D) (×20 magnification) shows a photomicrograph of an H&E section stained with Mayer’s haematoxylin.
Harris haematoxylin-stained fresh tissue produced satisfactory nuclear staining with an adequate interpretation of the chromatin detail and nucleoli. The intensity of haematoxylin staining was variable amongst the cohort of slides stained. This may be due to variation in the fixation process of the tissue. Factors relating to the specificity that was observed included uneven staining patterns, and due to the weaker haematoxylin, there were areas of more pronounced eosin staining (see Figure 2B). Harris’ haematoxylin scored 77.4% and 81.0% for specificity and sensitivity, respectively. Harris haematoxylin stained FFPE tissue produced a good level of nuclear staining with clear and crisp visualisation of the nucleoli and chromatin detail. There was also minimal background staining, uneven staining and staining deposits observed (see Figures 3B, 4B, 5B, 6B). Overall, Harris haematoxylin ranked first for specificity and sensitivity, with scores of 91.2% and 95.1%.
Haematoxylin X-stained fresh tissue produced good quality nuclear staining with clear and crisp nucleoli and chromatin detail visualisation. The intensity of haematoxylin could be variable at times. The vast majority of factors relating to sensitivity were adhered to with only minimal areas of uneven staining due to slightly weaker haematoxylin nuclear staining in places (see Figure 2C). Overall, Haematoxylin X ranked first for sensitivity and specificity, with a score of 86.8% and 85.5%. Haematoxylin X-stained FFPE sections produced optimal nuclear staining allowing for good chromatin and nucleoli detail visualisation. Haematoxylin X-stained sections did not have the presence of factors related to specificity, with only a minimal level of uneven staining observed (see Figures 3C, 4C, 5C, 6C). Haematoxylin X ranked second for specificity and sensitivity, with results of 88.0% and 90.0%.
Mayer’s haematoxylin-stained fresh tissue produced suboptimal nuclear staining with pale haematoxylin staining. As a result, the nucleoli and chromatin detail visualisation were not as easily achieved. Whilst Mayer’s haematoxylin did not produce background staining, there was the presence of uneven staining and increased eosin staining in places due to weaker intensity of haematoxylin staining (see Figure 2D). Mayer’s haematoxylin ranked last for specificity and sensitivity, with scores of 40.0% and 41.4%. Mayer’s haematoxylin-stained FFPE tissue sections resulted in good nuclear staining, which allowed for the visualisation of the nucleoli and chromatin detail. Most of the factors relating to specificity were not present, but there were some uneven staining patterns observed (see Figures 3D, 4D, 5D, 6D). Mayer’s haematoxylin ranked third overall, with specificity and sensitivity scores of 87.0% and 88.0%.
Evaluation of slides stained with PAS (see Figure 7), Alcian blue, HVG (see Figure 8) special stains and counterstained with Haematoxylin X produced good quality staining with an optimal level of nuclear staining with good contrast.
[image: Figure 7]FIGURE 7 | Example of paraffin section of Liver stained with periodic acid Schiff’s. (×20 magnification) shows a photomicrograph of a liver section stained with periodic acid Schiff’s stain.
[image: Figure 8]FIGURE 8 | Example of paraffin section of skin stained with haematoxylin and Van Gieson’s stain. (×20 magnification) shows a photomicrograph of a skin section stained with haematoxylin and Van Gieson’s stain.
However, when used in the Masson trichome staining, which encompasses acidic staining solutions, the Haematoxylin X nuclear staining was suboptimal and produced pale staining. When used as part of the immunohistochemistry staining process, Haematoxylin X produced clear and crisp nuclear staining. It produced good contrast, which allowed for a clear interpretation of the immunohistochemical staining (see Figures 9A–C).
[image: Figure 9]FIGURE 9 | Example of paraffin sections stained with CD20 and MNF116. (A) (×20 magnification) shows a photomicrograph of a colon section stained with MNF116. (B) (×20 magnification) shows a photomicrograph of a tonsil section stained with CD20. (C) (×20 magnification) shows a photomicrograph of a colon section stained with Caldesmon.
DISCUSSION
The haematoxylin dye remains the most critical dye for the microscopic interpretation of nuclear detail, which is crucial in the diagnosis of many pathological disorders in histopathology. There has been little advancement in the composition of the haematoxylin dye in several decades. This lack of research and innovation can hinder any progress and improvements in the dye that could aid with producing an improved quality of nuclear staining, efficiency and cost-effectiveness of the dye. The development of a chromium sulphate mordant-based haematoxylin dye is the first major change in the haematoxylin composition since the 1980s. In the future, with the implementation of digital pathology systems and with artificial intelligence becoming a potential tool for the reporting of histological sections, the staining quality of H&E-stained slides becomes of greater importance. Whilst a pathologist may be able to adapt to staining heterogeneity and variability, AI systems are not, and this is the main challenge faced when utilising these new technologies [9–11]. This study highlights that Haematoxylin X produced good nuclear staining in both FFPE and fresh tissue.
The analysis of the tissue sections stained with each of the four different haematoxylin subtypes (Carazzi’s, Harris’, Haematoxylin X and Mayer’s) showed great comparability with the degree of nuclear staining. Haematoxylin X performed well in staining FFPE tissue and was only narrowly outperformed by Harris’ haematoxylin. This could be due to the fact that Harris’ haematoxylin is utilised as the routine dye, and as a result, the assessors are more familiar with this subtype. It was also noted that Haematoxylin X was efficacious in staining extracellular mucin, particularly in uterine tissue. While there was evidence of staining of mucins with Mayer’s and, to a lesser extent Harris’, Haematoxylin X produced the most prominent intensity of staining. This suggests that the new haematoxylin may have particular use in the morphological characterisation of mucin-producing tumours or associated pathologies, i.e., sebaceous carcinomas or adenocarcinomas.
Evaluation of fresh tissue sections stained with each of the haematoxylin subtypes again produced a comparable level of nuclear staining. Haematoxylin X produced the most optimal result when used as part of the frozen staining procedure when compared to the other alum-based haematoxylin dyes that were assessed. The clear and crisp nuclear staining allowed for ease of confirmation of basal cell carcinoma tumours from uninvolved epithelial cells. There was also clear visualisation of the chromatin and nucleoli detail which is essential in tumour characterisation. This supports the potential use of Haematoxylin X in rapid intraoperative procedures, which requires the performance of H&E staining on fresh tissue sections, i.e., Mohs micrographic surgery histological techniques. It was noted that Mayer’s haematoxylin produced sub-optimal staining quality as part of the Mohs frozen section staining in this study. It could be argued that the staining could have been improved if the immersion time was increased. However, the linistat linistainer is restricted to a maximum immersion time of 50 s. As a result, it was not feasible to increase the timing to improve the staining quality. Furthermore, intraoperative staining procedures such as Mohs require quick turn-around-times, as such, dyes which take longer would be less desirable than dyes which stain in a quicker time frame.
Haematoxylin X was observed to be suitable for use as part of both special staining (e.g., periodic acid Schiff’s and Alcian blue) and immunohistochemistry counterstaining, with clear and crisp nuclear staining observed with good contrast. However, as with other non-iron mordant-based haematoxylins, it was found that the chromium-sulphate based haematoxylin was also not suitable for use with stains that incorporated acid solutions such as trichrome stains.
An observation that was also noted with Haematoxylin X was that it did not produce oxides and precipitates when left exposed to the air at ambient temperatures, which was prominent with commonly utilised alum haematoxylins such as Harris’. However, it was noted that there were some minor precipitates present in the tissue sections when viewed under higher magnification (×60 or higher). This is believed to be due to the formation of chromium salts. The formation of these salts is eradicated by performing a filtration procedure during the manufacturing of the dye. This study was conducted with an initial small batch of the Haematoxylin X formulation made by CellPath Ltd. The dye is currently being upscaled for mass production and is still undergoing testing at the time of this publication.
The diagnosis and classification of most pathological disorders rely on the information gathered from the evaluation of H&E-stained sections, with the interpretation of haematoxylin-stained nuclear detail playing an essential role in determining morphological characteristics. This study shows that the new chromium sulphate mordant-based Haematoxylin X performed well in both FFPE and fresh tissue staining, highlighting the dye as a good candidate for use as part of routine diagnostic H&E staining.
SUMMARY TABLE
What Is Known About This Subject?

• The haematoxylin dye remains the gold standard for microscopic nuclear visualisation of cellular and tissue components in Histopathology.
• However, whilst most diagnostic tools have advanced in the last decades, the haematoxylin dyes have remained relatively unchanged since the 1980s.
What This Paper Adds

• The development of a chromium sulphate mordant-based haematoxylin dye (Haematoxylin X) constitutes a major change in the haematoxylin composition since the 1980s.
• Haematoxylin X produced good nuclear staining and may also have applications as a good counterstain for immunohistochemical staining and special stains.
• Haematoxylin X may also have a value in the morphological characterisation of mucin-producing tumours or associated pathologies.
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Gout with associated AA amyloidosis is an unusual finding. This form of amyloid is associated with chronic inflammatory changes often associated with amyloid deposits in the urine, as well as tissue involvement, and organ enlargement in some cases. The large majority of cases in the literature to date refer to gout with AA amyloid within the kidney. However, this is not exclusive, with reports in the liver, gastrointestinal tract, adrenal glands rectum, skin, and subcutaneous fat. The pathophysiological association between these two disease processes is open to debate. The employment of specific anti-inflammatory treatments is believed to have an impact on reducing the incidence of AA amyloidosis in some gout cases–notably the use of colchicine in cases of clinically defined gout attacks. However, this is by no means a universal finding. Here we report on a cutaneous case of gout with AA amyloidosis in a 73-year-old man Included in this case study is a review of the other 16 cases reported within the literature in an attempt to clarify the associated pathophysiological process between these two diseases and the anti-inflammatory treatment regimens employed which may impact the occurrence of AA amyloidosis.
Keywords: gout, AA (secondary) amyloidosis, urate crystals, amyloid, chronic inflammation
INTRODUCTION
Gout is a form of inflammatory arthritis. It commonly affects one joint at a time, often digits, especially the big toe. There is considerable pain and discomfort along with swelling, redness, and tenderness of the surrounding affected tissue. The condition is caused when urate (monosodium) crystals accumulate within the affected joint which subsequently causes inflammation and intense pain [1–4]. The urate crystals accumulate due to a build-up of uric acid in the blood as a result of the breakdown of purines which occur naturally. Uric acid is normally discharged through the kidneys into the urine. However, a build-up of uric acid may occur due to a number of different factors such as dietary issues, i.e., consuming a diet rich in meat and shellfish and drinking sweetened drinks or alcoholic beverages in excess [3, 4]. Underlying medical conditions such as high blood pressure, diabetes, and heart and kidney diseases are also risk factors as are obesity, family history, and predisposition to gout [1–5]. Gout may also occur following recent surgery or trauma [6] and is generally more prevalent in men than women [1, 2].
Amyloidosis occurs when the normal alpha-helical structure of proteins loses its three-dimensional structure, and, as a result, becomes twisted and clumps together to form a beta-pleated sheet conformation of otherwise termed amyloid fibrils. These accumulate within tissues and organs and effectively cause disruption to normal physiological and biochemical activities within the body [7–9]. AA (secondary or serum A) amyloidosis is a condition that arises when there are high levels of inflammation within the body. As such it is regarded as a serious complication of any chronic inflammatory conditions such as rheumatoid arthritis, Crohn’s disease, or ulcerative colitis [10]. The association of AA amyloidosis with gouty arthritis is however unusual and rare [11–15]. Here we report a case of a 73-year-old man with renal disease, with gout and cutaneous AA amyloidosis from a tophus removed from the right elbow.
CASE STUDY
A 73-year-old man with impaired renal function and a previous history of gout presented with a gout tophus on his right elbow. Physical examination showed extensive inflammation of the right elbow area. The laboratory findings included an abnormal renal profile with creatinine level 179 (reference 64–104 µmol/L), sodium level 140 (reference 133–146 mmol/L) which is within the normal range, and potassium level 5.4 (reference 3.5–5.3 mmol/L). The urea level was 11.6 (reference 2.5–7.8 mmol/L) and the Erythrocyte sedimentation rate was 100 mm/h. Histopathological examination of the removed gout tophus from the right elbow demonstrated a fibrofatty mass measuring 70 × 46 × 22 mm (Figure 1). Macroscopically on slicing the tophus, areas of amorphous crystalloid material were seen and identified predominantly within the reticular dermal area (Figure 2). Macroscopically, sections revealed an epidermis with hyperkeratosis and regular acanthosis. Within the reticular and subcutaneous tissue there were areas of amorphous pale eosinophilic material with associated crystalloid structures (Figures 3A, B) displaying a feathery appearance with characteristic needle-shaped spaces (Cholesterol clefts) (Figure 3C). There were also areas of calcification seen. Of note was the presence of granulomatous inflammation with the presence of histiocytes, giant cells (foreign body and Touton types) (Figures 4A, B arrowed), plus the presence of fibrosis. The amorphous material extended to the papillary dermis and special stains for amyloid were conducted which included Congo Red (CR) (Figure 5) and Thioflavine–T (Thio-T) (Figure 6). Using cross-polarized light the crystalloid structures (Figure 7) within the amorphous material located within the papillary and reticular dermal areas exhibited birefringence in the CR-stained sections and was positive with Thio T confirming the presence of amyloid.
[image: Figure 1]FIGURE 1 | Macroscopic appearance of the gout tophus removed from the right elbow of a 73-year-old man.
[image: Figure 2]FIGURE 2 | On grossing the sample amorphous deposits of white material were seen predominantly within the reticular dermal area and extended down to the subcutaneous fat.
[image: Figure 3]FIGURE 3 | (A): H&E staining of the microscopic appearance of the dermal amorphous eosinophilic deposits. Mag ×20. (B): H&E staining of the microscopic appearance of the crystalloid structures. Mag ×20. (C): H&E staining demonstrating the appearance of cholesterol clefts. Mag ×40.
[image: Figure 4]FIGURE 4 | (A): H&E staining of the inflammatory infiltrate composed of foreign body multi-nucleated giant cells (black arrow). Mag ×40. (B): H&E staining of the inflammatory infiltrate composed of Touton type multi-nucleated giant cells (black arrow) Mag ×40.
[image: Figure 5]FIGURE 5 | Congo Red (CR) staining of the amorphous AA amyloid deposits within the reticular dermal area Mag ×40.
[image: Figure 6]FIGURE 6 | Fluorescent microscopy of Thioflavin-T (Thio-T) staining of the AA amyloid deposits found within the dermal area. Mag ×40.
[image: Figure 7]FIGURE 7 | Congo Red (CR) staining with cross polarisers demonstrating the Uric acid crystalloid structures. Mag ×30.
DISCUSSION
Gout is a fairly common disease and an ancient one, being described by the Egyptians in 2640 BC as lesions compromising the first metacarpophalangeal joints [16]. To give an idea of how common the occurrence of gout is–an estimated 6.1 million adults within the United States (approximately 2.5%) of the adult population are diagnosed with gout [16]. However, gout with associated amyloidosis is rare in comparison [10] (Table 1). AA amyloidosis causes complications in chronic infections and inflammatory diseases like rheumatoid arthritis. Since the pathophysiological connection between gout and amyloidosis is not understood there have been variable approaches to treatment regimens [10, 15]. Some of these could control either the gout or the amyloidosis, but there is no evidence that describes the successful treatment of both conditions [15]. The large majority of the cases reported in the literature had tophaceous gout for at least a period of 10 years [10–14] and were not using colchicine (Colcrys, Gloperba, Mitigare) on a regular basis. Colchicine is an anti-inflammatory drug that reduces the effects of gout and is often preferred over nonsteroidal anti-inflammatory drugs ibuprofen or naproxen or more powerful options such as indomethacin or celecoxib, or corticosteroids such as prednisone.
TABLE 1 | Key features of patients with gout and AA amyloidosis from the literature including our case (patient 16).
[image: Table 1]Amyloid deposits are due to an elevation in acute-phase reactants or proteins, which often occur in and around gout tophi. However, not all of the reactant proteins share the amyloidogenic profile thus in part explaining why so few cases are perhaps reported [15]. AA amyloid results from the extracellular deposition of the sub–acute-phase reactant serum amyloid A (SAA) protein as insoluble amyloid fibrils. When this process is prolonged the liver will produce high levels of SAA resulting in the trigger that drives the development of AA amyloidosis [15]. It is also possible that the inflammatory mediators that trigger and accentuate the inflammatory response may differ between gout and associated amyloid conditions like rheumatoid arthritis. Rheumatoid arthritis is a long-term chronic inflammatory condition whereas gout, although also a chronic inflammatory condition is generally a more active and florid inflammatory response in keeping with the clinical spectrum of progressive inflammation which suggests perhaps the difference between the respective inflammatory pathways could also account for the absence of amyloid deposits within the majority of gout cases [1, 10].
Finally, since the routine treatment for patients with gout is the use of colchicine and many of the cases reported within the literature for clinically defined reasons did not have colchicine administered, it is thus that one could speculate that the lack of administration of colchicine is a contributing factor in the development of amyloid in this case as in others reported [10, 17]. It is known that colchicine does prevent casein-induced amyloidosis in mice [18]. However, conversely, it is also the case that the majority of patients with gout are only administered colchicine during a gout attack and not as an ongoing regular treatment option. Cumulatively this may suggest that the low incidence of amyloidosis in gout may not be directly associated with the administration of this drug, but may be related to a number of clinical and pathological multifactorial issues. Further studies are therefore required to understand the pathophysiological relationship between gout with AA amyloidosis.
Summarising the data in the literature along with the evidence from this case study, there are only 16 reported cases of amyloidosis associated with gout. The incidence is rare. This case is also unusual as most cases of chronic gout with amyloidosis occur in the kidney or rectum. Investigations of kidney AA in this case are under review. It is unusual to find cases of gout with AA amyloidosis within the skin [16].
SUMMARY TABLE

• The association of gout with AA amyloidosis is rare. There are currently only 15 reported cases within the literature. In most cases, the AA amyloid is found within the kidneys. The presence of AA amyloid in these cases appears to be associated with the anti-inflammatory drug treatment given to these patients, most notably during a gout attack. However, the physiological and clinical-pathological correlation between gout and AA amyloidosis is not fully understood.
• Here we report an unusual case of gout with AA amyloidosis occurring in a 73-year-old man and affecting the skin, in which the amyloid presented whilst the patient had been previously treated with the anti-inflammatory drug colchicine. The association between these two disease processes needs further elucidation, as most publications to date are of isolated case reports.
• This work represents an advance in biomedical science because it demonstrates that the association between these two disease processes affects multi-organ sites and that the simultaneous occurrence in the skin is unusual.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The case study: “Gout with associated cutaneous AA Amyloidosis A case report and review of the literature” is registered centrally with Synnovis. Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
The author confirms being the sole contributor of this work and has approved it for publication.
ACKNOWLEDGMENTS
Miss Paige Cole for her technical assistance with Congo Red (CR) and Thioflavin-T (Thio-T) staining.
REFERENCES
 1. Suresh, E. Diagnosis and Management of Gout: a Rational Approach. Postgrad Med J (2005) 81:572–9. doi:10.1136/pgmj.2004.030692
 2. McGill, NW. Gout and Other crystal-associated Arthropathies. Baillieres Best Pract Res Clin Rheumatol (2000) 14:445–60. doi:10.1053/berh.2000.0087
 3. Zhang, Y, Chen, C, Choi, H, Chaisson, C, Hunter, D, Niu, J, et al. Purine –rich Foods Intake and Recurrent Gout Attacks. Ann Rheum Dis (2012) 71:1448–53. doi:10.1136/annrheumdis-2011-201215
 4. Zhang, Y, Woods, R, Chaisson, CE, Neogi, T, Niu, J, McAlindon, TE, et al. Alcohol Consumption as a Trigger of Recurrent Gout Attacks. Am’J.Med. (2006) 119:e13–8. doi:10.1016/j.amjmed.2006.01.020
 5. Dalbeth, N, Gosling, AL, Gaffo, A, and Abhishek, A. Gout. Lancet (2021) 397(10287):1843–1855. doi:10.1016/S0140-6736(21)00569-9
 6. Simman, R, Kirkland, B, and Jackson, S. Post Traumatic Tophaceous Gout: A Case Report and Literature Review. J Am Col Certif Wound Spec (2009) 1:114–6. doi:10.1016/j.jcws.2009.11.001
 7. Talbott, JH, and Terplan, KL. The Kidney in Gout. Medicine (Baltimore) (1960) 39:469–526. doi:10.1097/00005792-196012000-00001
 8. Levo, Y, Shalev, O, Rosenmann, E, and Eliakim, M. Gout and Amyloidosis. Ann Rheum Dis (1980) 39:589–91. doi:10.1136/ard.39.6.589
 9. Lens, XM, Rosello, R, Montoliu, J, Solé, M, Darnell, A, Rotés, J, et al. Amyloidosis Secondary to Gout. J Rheumatol (1985) 12:1024–6.
 10. Ter-Borg, EJ, Wegewijs, MA, and de Bruin, P. Gout and AA Amyloidosis a Case Report and Review of the Literature. J Clin Rheumatol (2017) 23(4):233–4. doi:10.1097/RHU.0000000000000518
 11. Rubinow, A, and Sonnemblick, M. Amyloidosis Secondary to Polyarticular Gout. Arthritis Rheum (1981) 24:1425–7. doi:10.1002/art.1780241115
 12. Guma, M, Bayes, B, Bonet, J, and Olivé, A. Gout and Secondary Amyloid. Clin Rheumatol (1999) 18:54–5. doi:10.1007/s100670050053
 13. Jacobelli, S, Vial, S, Rosenberg, H, Benson, MD, and Scheinberg, MA. Amyloidosis Secondary to Gout. Identification with a Monoclonal Antibody to Amyloid Protein A. Clin Rheumatol (1988) 7:534–7.
 14. Vernerova, Z, Rychlik, I, Brunerova, L, Dvoráková, L, Pavelková, A, and Sebesta, I. An Unusual Cause of Renal Amyloidosis Secondary to Gout: the First Description of Familial Occurrence. Nucleosides Nucleotides Nucleic Acids (2006) 25:1305–8. doi:10.1080/15257770600893941
 15. Gromova, MA, and Tsurko, VV. Gout and AA –Amyloidosis: A Case –based Review. Mediterr J Rheumatol (2020) 32(1):74–80. doi:10.31138/mjr.32.1.74
 16. Gaviria, JL, Ortega, VG, Gaona, J, Motta, A, and Medina Barragán, OJ. Unusual Dermatological Manifestations of Gout: Review of Literature and a Case Report. Plast Reconstr Surg Glob Open (2015) 3(7):e445. doi:10.1097/GOX.0000000000000420
 17. Brunger, AF, Nienhuis, HLA, and van Rheenen, RWJ. Obesity-induced AA Amyloidosis: A Diagnosis of Exclusion. Int J Clin.Rheumatol (2020) 15(2):26–32. 
 18. Shtrasburg, S, Pfras, M, Gal, R, Salai, M, and Livneh, A. Inhibition of the Second Phase of Amyloidogenesis in a Mouse Model by a Single-Dose Colchicine Regimen. J Lab Clin Med (2001) 138:107–11. doi:10.1067/mlc.2001.116488
Conflict of Interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Orchard. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
		REVIEW
published: 07 June 2023
doi: 10.3389/bjbs.2023.11314


[image: image2]
Dermatopathology and the Diagnosis of Fungal Infections
S. A. Howell*
Mycology, St John’s Specialist Dermatology Laboratories, Synnovis, London, United Kingdom
* Correspondence: S. A. Howell, via Guy Orchard, Guy.Orchard@viapath.co.uk
Received: 27 February 2023
Accepted: 20 April 2023
Published: 07 June 2023
Citation: Howell SA (2023) Dermatopathology and the Diagnosis of Fungal Infections. Br J Biomed Sci 80:11314. doi: 10.3389/bjbs.2023.11314

Diagnosis of superficial/cutaneous fungal infections from skin, hair and nail samples is generally achieved using microscopy and culture in a microbiology laboratory, however, any presentation that is unusual or subcutaneous is sampled by taking a biopsy. Using histological techniques a tissue biopsy enables a pathologist to perform a full examination of the skin structure, detect any inflammatory processes or the presence of an infectious agent or foreign body. Histopathological examination can give a presumptive diagnosis while a culture result is pending, and may provide valuable diagnostic information if culture fails. This review demonstrates how histopathology contributes to the diagnosis of fungal infections from the superficial to the life threatening.
Keywords: dermatopathology, fungal infection, tissue biopsy, histopathology, mycoses
INTRODUCTION
The prevalence of fungal infection is far greater than might be thought. Fungal infections of skin, hair and nail have been estimated to affect one to two billion people worldwide, mucosal candida infections affect tens of millions of people, and serious fungal infections affect 150 million people (1, 2). Mortality from the serious fungal infections has been estimated to be similar to the number of deaths from tuberculosis (1). Superficial fungal infections have been reported to affect 20%–25% of the world’s population with dermatophyte infections predominating (3). Global estimation of the prevalence of subcutaneous infections is difficult as these infections are less common, some are more prevalent in certain areas or regions, and are not notifiable diseases. Therefore, subcutaneous fungal infections are under reported and are considered to be Neglected Tropical Diseases by the World Health Organisation (4). Systemic infections involve the internal organs and may disseminate to the skin via the blood. Many systemic infections occur in immune compromised patients and the prevalence of these infections varies according to patient risk factors, country or region, and availability of surveillance data (1).
The diagnosis of cutaneous fungal infections requires laboratory testing with microscopic examination of tissue to detect the presence of a fungus, and culture to enable the identification of the pathogen. The diagnosis of systemic infections is complex and involves clinical imaging, serology, and molecular tests in addition to microscopy and culture, and has been reviewed elsewhere (5).
This review outlines the different types of fungal infections that manifest in the skin, how cutaneous fungal infections are identified in a microbiology laboratory, and the role of dermatopathology in the diagnosis of fungal skin infection.
LABORATORY DETECTION OF FUNGAL INFECTION
The traditional methods to detect fungal infection in a microbiology laboratory are microscopy and culture (6). The presence of a fungal infection can be confirmed by the observation of fungal structures in tissue by microscopic examination. This process involves placing a piece of skin, nail or tissue in a potassium hydroxide solution on a slide to soften. Once soft the preparation is squashed to make it as thin as possible as it is easier to detect fungal elements in a thin sample. Samples of hair or scalp are not squashed prior to initial microscopic examination as the arrangement of fungal elements within the hair can give useful information. A fluorescence stain such as calcofluor can be added to the sample to enhance visualization under filtered UV light (7, 8). The identity of the causative organism is determined following growth on culture plates (9). Although molecular diagnostics are available for life threatening infections and to detect specific panels of fungi (mainly used in larger laboratories), the microscopic detection of fungal structures in tissue remains a gold standard in diagnosis (6).
TYPES OF FUNGAL INFECTION
Fungal infections can be divided into three categories: superficial and cutaneous, subcutaneous, and systemic (see Table 1). Superficial and cutaneous infections may occur following contact with an infectious source, or from a change in the host or the skin flora. These infections are unsightly, uncomfortable, some are contagious, and they can affect anyone (10).
TABLE 1 | Types of fungal infections.
[image: Table 1]Subcutaneous infections result from penetrating traumatic inoculation deep into the skin by objects contaminated with fungi from the environment. They can progress slowly and can cause significant disfigurement if left untreated (10).
There are two types of systemic fungal infections: opportunistic infections are caused by fungi that have a worldwide distribution which can cause significant illness in debilitated hosts, particularly the immune suppressed. These infections can be caused by commensal flora (such as Candida species) or from the environment. In contrast the endemic dimorphic fungi are highly virulent, are mostly acquired by the inhalation of fungal spores, and can cause disease in immune competent and immune compromised people (10).
SUPERFICIAL/CUTANEOUS MYCOSES
Superficial and cutaneous mycoses are fungal infections of the skin, hair, and nails and are generally confined to the epidermis of the skin (10). These infections can have characteristic clinical presentations (11–15) which enable diagnosis with the aid of microscopy and culture (Table 2; Figures 1, 2). Rare deeper infections can arise when infection penetrates via infected follicles presenting as pustules, papules or nodules, as occurs in Majocchi’s granuloma (4, 11).
TABLE 2 | Superficial/cutaneous mycoses, causative organisms, and common clinical features (4, 10, 11, 15).
[image: Table 2][image: Figure 1]FIGURE 1 | Microscopic appearance of superficial fungal hair infections using bright field microscopy. (A) Black piedra—a dark nodule containing pigmented hyphae is located on the surface of a hair shaft. (Photographed with a ×40 lens). (B) Endothrix dermatophyte infection—hyphae and arthroconidia (spores) found within the borders of the hair shaft (photographed using a ×40 lens). (C) Small spored ectothrix dermatophyte infection—hyphae and arthroconidia found surrounding the hair shaft forming a sheath. (Photographed using a ×40 lens).
[image: Figure 2]FIGURE 2 | Microscopic appearance of fungal skin and nail infections. (A) Mould hyphae—Colourless (hyaline), septate, even sided, branching hyphae. (Photographed using a ×40 lens). (B) Candida species—Small budding yeasts (3–5 μm) that bud from any point on the cell. In this diagram budding yeasts are also attached to a hypha/pseudohypha (stained with calcofluor and photographed using ×40 lens). (C) Pityriasis versicolor—Thin walled, short hyphal filaments that fragment. Thick walled, round to oval budding yeasts with prominent bud scars (stained with calcofluor, photographed using ×40 lens).
Infections that can arise from the host commensal flora are caused by Candida and Malassezia yeasts, therefore risks for infection include changes in the host susceptibility, underlying disease, and integrity or damage of the tissue (12, 14). Candida albicans is a commensal of the gastrointestinal tract and is the commonest cause of candida skin and nail infection. Superficial candida skin infection tends to occur where the skin is moist such as the axillae, groin, perineum, web spaces, and other skin folds where the conditions permit the yeast to colonise and proliferate (14) (Figure 2).
Malassezia species are common skin commensal yeasts that prefer regions with greater skin lipid content such as the chest, back, face and scalp. The genus contains 17 species, 10–12 have been identified from the human skin flora, and many have been associated with skin infections (16). One of the commonest skin infections is pityriasis versicolor and microscopic examination of the infected skin shows characteristic broad short hyphae, which have been described as having an appearance resembling spaghetti and meatballs (6) (Figure 2).
Dermatophyte moulds cause infections known as ringworm or tinea and these can be contagious. Dermatophytes are found worldwide and there are species that have evolved to live on humans, on specific animals, and in soil, so infection requires contact with a source and probably mild abrasion or prolonged contact to initiate the infective process (17). Microscopic examination cannot determine the causative species so identification relies on growth of the fungus on culture. Knowledge of the identity of the fungus can indicate a likely source of infection and any actions that can be taken to reduce the risk of re-infection. If a scalp sample contains intact infected hairs it can be possible to determine the type of dermatophyte infection: for example, endothrix infections are passed person to person and are caused by Trichophyton species, whereas ectothrix infections can be from a human, animal or soil sources (8) (Figure 1).
Dermatophytes are considered to be pathogens as their isolation from tissue is associated with the presence of clinical infection, however, common environmental fungi can be isolated from skin, hair and nail as contaminants of culture plates (17). Interpretation of the isolation of an environmental fungus from a non-sterile site is complex and requires the detection of fungal structures in the tissue by microscopic examination for the fungus to be considered for significance (7).
The fungi that cause the hair infections known as black and white piedra are more common in hot humid environments. Risk factors for infection in these environments are colonisation of the hair, particularly if it is kept tied or braided (18). The infection presents as a nodule on the hair shaft and the nodule colour and hardness form part of the clinical description of the condition. Microscopic examination confirms the type of infection while culture enables the pathogen to be identified (Figure 1).
IMPORTANCE OF HISTOLOGY FOR THE DIAGNOSIS OF SUPERFICIAL AND CUTANEOUS FUNGAL INFECTION
A failure to diagnose a superficial mycosis can be due to the quality and amount of material provided for testing (4). Many factors can alter the clinical appearance of a fungal infection making diagnosis difficult. For example, a history of treatment with steroids can alter the clinical appearance by reducing scaling and itch, a condition known as tinea incognito (10). Similarly partial treatment with an antifungal can prevent good samples being taken for microbiology assessment by reducing the scaling of the lesion. Patients with underlying diseases can present with an atypical appearance or an atypical distribution of lesions (4). In these circumstances biopsy samples taken for histopathology analysis should provide a diagnosis, although the causative species cannot be determined by this process.
For histological examination skin, hair and nail samples are routinely embedded, sectioned, and stained with Hematoxylin and Eosin (H&E) (19). H&E provides a background stain and highlights the presence of nucleic acids within cells by staining nucleic acids blue and the cytoplasm pink (20). Fungal structures that lack pigment (hyaline) can be difficult to detect as the stain does not bind to the cell wall, therefore, special stains can be used to highlight the presence of fungal cells: Periodic Acid-Schiff (PAS), Grocott and Gomori Methenamine Silver (GMS), and Fontana-Masson stain (Table 3). These stains can highlight the presence of non-fungal materials as well, so a histopathology diagnosis of a fungal infection requires careful inspection of the morphology, surrounding tissue reactions, and interpretation of clinical information (20).
TABLE 3 | Histology stains used in the diagnosis of fungal infections (20).
[image: Table 3]The appearance of mould and yeast structures in tissue are similar when observed in wet preparations and in histology sections, however, there are some conditions where histological examination is superior. For example, skin folliculitis caused by Malassezia yeasts is diagnosed using clinical criteria and histological examination of a biopsy (12). The condition is caused by an accumulation of these yeasts within follicles which are surrounded by inflammation. A potassium hydroxide mount would not demonstrate the location of the yeasts as the process is destructive and the skin structures would be destroyed, and only histopathology can demonstrate the presence of inflammation around the follicles.
SUBCUTANEOUS INFECTIONS
Subcutaneous fungal infections result from traumatic inoculation deep into the skin and are mostly due to environmental moulds. Identification of the pathogen requires culture, but histology can provide important diagnostic information, especially when routine microscopy and culture are negative (Table 4; Figure 3) (4, 19).
TABLE 4 | Subcutaneous fungal infections (4, 10, 15, 21, 22).
[image: Table 4][image: Figure 3]FIGURE 3 | Histology sections of subcutaneous fungal infections demonstrating characteristic morphology for each disease type. (A) Eumycetoma grain in tissue stained with GMS. Interior of grain contains brown/stained hyphae that have been sectioned longitudinally and horizontally resulting in various shaped fungal structures (photographed using a ×40 lens). (B) Pigmented muriform bodies in a biopsy from a chromoblastomycosis lesion stained with H&E. (Photographed using a ×40 lens). (C) Sporotrichosis stained with GMS. In tissue Sporothrix produces yeast-like budding with characteristic elongated buds. (Photographed using a ×40 lens). (D) Mucormycosis of tissue stained with PAS shows wide, thin-walled hyphae with few septa. (Photographed using a ×40 lens). (E) Conidiobolus infection stained with GMS shows wide, thin-walled hyphae with few septa, but these are surrounded by inflammatory material (photographed using a ×40 lens).
Mycetoma can be caused by filamentous bacteria (actinomycetoma) or by fungi (eumycetoma) (4, 23). Pieces of the infective organisms become encased in an inflammatory matrix that forms grains and these can be expressed from subcutaneous abscesses via a sinus tract, or can be seen in the tissue from a deep subcutaneous biopsy. Analysis of the grains distinguishes the type of mycetoma and enables appropriate empirical antifungal or antibacterial therapy to be commenced. The simple distinction between actinomycetoma from eumycetoma is important as culture of the grains may fail or yield fungi that lack typical features making them difficult to identify unless there is access to a centre that performs molecular diagnostic testing (24, 25).
Sporothrix species cause a subcutaneous infection following traumatic inoculation. Subcutaneous infection in immune competent patients can have a low fungal load, making detection of the characteristic elongated budding yeasts difficult by direct microscopy (26). Histology is more sensitive as it detects the areas of inflammation where the fungus might reside, and with the use of serial sections and special stains can detect the presence of scanty yeast-like cells and asteroid bodies which are present in many sporotrichosis infections (20).
Chromoblastomycosis is a slowly progressing, chronic, pigmented fungal infection. This is characterised by the presence of pigmented, multiseptate, round, thick-walled cells sometimes referred to as muriform bodies (4, 19, 27). These cells are not detected in other subcutaneous pigmented fungal infections which are grouped under the heading of phaeohyphomycosis, and are more hyphal (19).
Hyalohyphomycosis is the subcutaneous (or systemic) infection with a non-pigmented fungus. Many species can cause hyalohyphomycosis but the species cannot be determined by histology. All species would demonstrate narrow, regularly septate branching hyphae (20).
Mucormycosis is a subcutaneous infection that follows trauma to the skin from penetrating injuries, scratches, or by contamination of burns or injuries, and can cause systemic infection following inhalation of spores mainly in immune compromised patients (28). The main causes of this infection belong to a group known as the mucoraceous moulds, and these fungi grow rapidly in the tissue and have a predilection for blood vessel invasion. These moulds exist worldwide in the environment and differ from other types of moulds as they have broader hyphae and far fewer septa within the hyphae. As a result they often have rather distorted appearances when sectioned and appear creased or with an unusual shape.
Although the Entomophthorales moulds may appear similar in appearance in the tissue to the mucoraceous moulds, they cause clinically very different infections (subcutaneous swellings, not angioinvasive) and histologically the broad aseptate hyphae are surrounded by an inflammatory reaction (28).
Lobomycosis is a cutaneous to subcutaneous infection caused by the Lacazia loboi and this environmental fungus is found in the tropical climates of Central and South America, and most often affects people in rural communities. The fungus does not grow on culture so diagnosis is based only on clinical suspicion and histology (29).
SYSTEMIC FUNGAL INFECTIONS THAT CAN DISSEMINATE TO THE SKIN
Systemic opportunistic fungal infections occur in significantly debilitated hosts including those with immune suppression, transplant recipients, surgery, hospitalization, broad spectrum antibiotic treatment, or in patients with other significant underlying disease (10). It is possible for systemic fungal infections to disseminate via the bloodstream and produce lesions in the skin (4). Histology of a biopsy can detect the presence of a fungal cause and provide information on the type of underlying infection (Table 5; Figure 4).
TABLE 5 | Types of systemic infection and their features on histology sections (19, 20, 21, 22).
[image: Table 5][image: Figure 4]FIGURE 4 | Histology images of some causes of systemic fungal infection. (A) Cryptococcus yeasts in tissue stained with mucicarmine to demonstrate the presence of the red stained mucopolysaccharide capsule. (Photographed using a ×40 lens). (B) Talaromycosis histology section stained with GMS shows yeast cells with a central division, as these cells divide by fission and not by budding. (Photographed using a ×40 lens). (C) Paracoccidioidomycosis (stained with GMS) is characterised by the presence of multipolar budding yeast cells. (Photographed using a ×40 lens). (D) Histoplasmosis stained with GMS to show the small budding yeasts. (Photographed using a ×40 lens). (E) Blastomycosis stained with PAS shows large thick walled yeasts that bud from a broad base. (Photographed using a ×40 lens).
Candida species are commensal to the human gastrointestinal tract, and are found in low numbers on the skin, mouth and vaginal tract. C. albicans is the commonest cause of human infection, although there has been a rise in systemic infections caused by non- C. albicans species (1). Superficial infection occurs when there is a disturbance in the competing bacterial flora allowing the yeasts to proliferate, such as the use of broad spectrum antibiotics or occlusion, or due to underlying disease, for example, diabetes or HIV. Systemic infection occurs in patients where the yeasts escape from their normal location by the colonisation of indwelling lines or other implants, or due to the effects of broad spectrum antibiotics, immune suppression, neutropenia, cancer, or surgery (14, 30). Candida infection in tissue can present with a variety of morphologies: budding yeasts, hyphae, and pseudohyphae (6, 8, 19) (Table 5).
Aspergillus and Fusarium species are common environmental moulds that can cause systemic infection in patients with neutropenia, haematological malignancies, and in immune suppressed patients usually by inhalation of airborne spores. These moulds can disseminate via the bloodstream and can cause skin lesions (20). It is not possible to distinguish the species by microscopic appearance in tissue (19, 31) (Table 4). As there can be important differences in the treatment of infections caused by different species histology reports generally describe the type of fungal structures seen, for example, hyalohyphomycosis, rather than suggesting a causative organism (19, 31).
Cryptococcus neoformans and Cr. gatii are environmental yeasts that can cause pulmonary infection by inhalation of spores or yeasts, and in immune suppressed patients dissemination can occur to skin and other tissue (32). Cryptococcal meningitis is a significant risk in AIDS patients when their CD4 count falls below 100 cells per µl (32). A major characteristic of these yeasts is the presence of a mucopolysaccharide capsule which on microscopy gives the appearance of a clear halo surrounding the small budding yeasts in tissue (6). The capsule can be highlighted in microbiology wet preparations using India ink, and in histology sections using the mucicarmine stain. Acapsular variants can be confused with Histoplasma or Candida yeasts, but use of mucicarmine to detect remnants of capsule, or staining with Fontana Masson to detect melanin in the cryptococcal cell walls, will assist in differentiation of these organisms in tissue (20, 32).
The diseases histoplasmosis, paracocciodiodomycosis, blastomycosis, coccidioidomycosis, and talaromycosis are caused by highly infectious endemic dimorphic moulds. These fungi are limited in location geographically and environmentally and exist in the environment as a mould, however, when they infect the human host they demonstrate a different more yeast-like appearance (33). The areas where infections are endemic are listed in Table 6, and people who have a travel history to these regions may become infected. All of these infections are acquired by inhalation of spores that leads to a pulmonary infection. Dissemination to the skin is possible in some patients, usually those that have not received treatment or have immune suppression (4, 33). Histology sections of these fungi may demonstrate a distinctive morphology, but culture of the pathogen and serology is always recommended to confirm the diagnosis. Detailed descriptions of the histological appearance of these infections and how to distinguish them from unusual presentations of other infections can be found in the review by Guarner and Brandt (20).
TABLE 6 | Locations of endemic dimorphic fungal infections (4, 21, 33, 34, 35).
[image: Table 6]Emergomyces (previously Emmonsia) infections usually start with a pulmonary infection and many disseminate to the skin (33). These fungi infect immunocompromised patients such as solid organ transplant recipients, HIV, and those receiving corticosteroid treatment and have been reported from South Africa, Canada, Germany, Israel, Italy, China (33–35). Dissemination to the skin occurs in 92%–96% of the patients examined (34, 35). Skin lesions were often clinically misdiagnosed as Karposi sarcoma, varicella infection or drug reactions, but the visualisation of the yeast-like cells on histology sections confirmed the presence of a fungal infection and that a systemic source should be investigated. Culture is required to confirm the cause of infection and distinguish it from other dimorphic fungal infections such as histoplasmosis which also presents as small budding yeasts in the skin (34, 35).
ADVANCED DIAGNOSTIC HISTOLOGICAL TECHNIQUES
Immunohistochemistry (IHC) is used to detect protein antigens in histology sections and is widely employed in the diagnosis of melanoma, other skin cancers, a variety of other skin diseases, and to detect the presence of some infections (36). To detect systemic fungal infection IHC stains are commercially available to detect Aspergillus species, Candida species and Mucormycete moulds, but the potential of cross-reaction with other fungi means this cannot be used to identify a specific organism (20, 37).
In situ hybridisation (ISH), uses a species-specific probe to detect fungal nucleic acids in tissue sections. This should be highly specific, but there are no commercially validated protocols and there have been reports of cross-reactions (37). The advantage of both IHC and ISH is that they maintain the structure of the tissue and the localisation of the fungal antigen or nucleic acid for histopathological examination. Both tests have greatest sensitivity when applied to samples where GMS or PAS staining has already demonstrated the presence of fungal infection and a panel of tests can be performed to indicate the likely genus of the infecting agent (20, 37).
Amplification of fungal DNA directly from a sample potentially provides a sensitive and specific method to diagnose fungal infection. Amplification from non-embedded fresh tissue is more reliable than from FFPE tissue due to the difficulties with extraction, DNA concentration and integrity, and the presence of inhibitors (20). The choice of target sequence for amplification requires careful consideration to ensure it can distinguish between many different species, and that there are sufficient sequences in public validated databases that are available for comparison (37). The internal transcribed spacer (ITS) regions have been used for fungal DNA barcoding and the ISHAM database has sequences for 421 fungal species, however, there are some fungi that cannot be adequately identified using this target alone and so additional genetic markers would need to be used (38). Amplification directly from FFPE tissue would also have to consider the possible presence of environmental contamination of histology laboratory materials, for example, the wax used for embedding is not stored or used under sterile conditions (37). Despite these difficulties the importance of histology in the diagnosis of fungal infections is recognised. Recent guidelines for the diagnosis of invasive fungal infections permit the use of PCR and sequencing to identify the fungus from tissue where fungal structures have been seen on histology (37). By following the ten criteria explained in the revised guidelines samples with histopathology evidence of fungal infection and a fungal identification using PCR and sequencing would fulfil the diagnosis of a proven invasive infection, and would be especially important in cases where culture fails to grow a pathogen. The guidelines also recommend this molecular approach where an endemic dimorphic fungal infection has been detected by histopathology and the microbiology laboratory has little experience with these pathogens.
CONCLUSION
Histology provides a gold standard for the diagnosis of fungal infections from biopsies. Special stains such as PAS and GMS greatly enhance the detection of fungal elements making this a highly sensitive technique. Careful morphological examination of the tissue, in combination with a clinical history can indicate the type of fungal infection, but it cannot identify the causative species. Identification of the fungal species can indicate the most appropriate choice of treatment for the patient. Currently fungal identification still relies on culture, but molecular diagnostics are developing for the detection of subcutaneous and systemic pathogens directly from tissue samples.
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Case number and Age Sex Typeofgoutandduration Site of amyloid deposition  Family Treatment and associated possible
references history causes of amyloid
Levo et al. [8] 46 Male  Chronic Tophaceous gout  Kidneys, adrendls Yes Colchicine
32 years
Levo et al. [8] 39 Mae  Monoarthitis gout 1year  Kidneys No Colchicine
Lens et al. [9] 49 Male  Chronic Tophaceous gout  Kidneys, liver, and No No Colchicine
20 years subcutaneous fat
Guma et al. [12] 46 Mae  Chronic Tophaceous gout  Rectum and kidneys No No Colchicine
20 years
Vernerova et al. [14] 56 Mae  Chronic Tophaceous gout  Kidneys Yes Allopurinol
15 years
Vernerova et al. [14] 44 Male  Chronic Tophaceous gout  Rectum, Kidneys Yes Allopurinol and colchicine (after diagnosis of
10 years AA amyloidosis)
Rubinow and 85 Mae  Chronic Tophaceous gout  Rectum and kidneys No Colchicine (after diagnosis AA amyloidosis)
Sonnemblick [11] 10 years
Talbott and Terplan 7]~ 42 Male  Chronic Tophaceous gout  Widespread No Azathioprine (Pyelonephrits)
25 years
Talbott and Terplan 7]~ 23 Male  Chronic Tophaceous gout  Kidneys Yes No Colchicine Probenecid dialysis
9 years (tubercuiosis)
Tabott and Terplan 7]~ 32 Male  Monoarthitis 4 years Kidneys No Tuberculosis meningitis No colchicine
Tabottand Terplan [7) 72 Male  Chronic Tophaceous gout  Kidneys No High-dose salicylates and on allopurinol
37 years dialysis
Gaviria et al. [16] 47  Female Monoarthritis gout 1 year Kidneys and liver No Allopurinol and Colchicine
Gromova and Tsurko [15] 62 Male  Chronic Tophaceous gout  Kidneys G tract, adrenal No Colchicine, prednisone, allopurinol
36 years glands
Jacobeli et al. [13] 61 Mae  Chronic Tophaceous gout  Kidneys No Unknown
Ter-Borget al. [10] 57 Mae  Chronic Tophaceous gout  Kidneys No Colchicine after gout attack
Last case 73 Mae  Chronic Tophaceous gout  Kidneys and skin No Golchicine after gout attack

10 years
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Disease

Major Auto-antigen(s)

Other auto-antigens.

Intra-epithelial

Pemphigus vuigaris
Pemphigus foliaceus
Paraneoplastic pemphigus

IgA pemphigus

Desmoglein 3, desmoglein 1
Desmoglein 1
Desmoglein 3, envoplakin, periplakin

Desmocolin 1, desmoglein 1, desmoglein 3

Desmocolin 3

Desmoglein 1, desmoplakin |, desmoplakin Il
BP230, plectin, desmoglein 1, desmocolin Il
Desmocoliin 2, Desmocoliin 3

Sub-epithelial

Bullous pemphigoid
Pemphigoid gestationis

Linear IgA disease

Mucous membrane pemphigoid
Anti laminin y1/p200 pemphigoid
Epidermolysis bullosa acquisita
Dermatitis herpetiformis

BP180, BP230
BP180

BP180

BP180, BP230

Laminin y1

Type Vil collagen
Epidermal transglutaminase

B8P230
BP230
Laminin 332, aBB4 integrin
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Gene Level of skin cleavage and

ultrastructural anomalies

Relative protein expression

Types of pathogenic sequence variants

Protein

Inheritance

KRTS  Cleavage: basal keratinocyte
cytoplasm;

tonofilament

clumping in EBS generalized
severe; lack of
tonofilaments in basal
Keratinocytes in

AR EBS

Cleavage: basal keratinocyte
cytoplasm;

tonofilament

clumping in EBS generalized
severe; lack of
tonofilaments in basal
keratinocytes in

AR EBS

Cleavage: basal keratinocyte
Gytoplasm just above
hemidesmosome s; diminutive
hemidesmosome

s

Cleavage: basal keratinocyte
cytoplasm;

reduced

tonofilaments in basal
Keratinocytes

Cleavage: basal keratinocyte
cytoplasm;

diminutive

hemidesmosome

s lacking

tonofilament attachment
Cleavage: basal keratinocyte
cytoplasm;

tonofilament

aggregation in basal
Keratinocytes

Cleavage: lower epidermis
Cleavage: between stratum
granulosum and corneum

KRT14

PLEC

KLHL24

DST

EXPHS

CD151
TGMS

PKP1  Cleavage:
suprabasal
epidermal layers; hypoplastic
desmosomes
Cleavage:
suprabasal
epidermal layers; hypoplastic
desmosomes
JUP  Cleavage:
suprabasal
epidermal layers; hypoplastic
desmosomes

AD, autosomal dominant: AR, autosomal recessive.

Unchanged

Unchanged or absent

Plectin unchanged, absent or
reduced with
domain-specific antibodies

Keratin 14 reduced or
unchanged

BPAG!
(isoform e) absent

Exophiln 5 absent

CD151 absent
Absent or reduced activity
and expression of
transglutamina se 5
Plakophilin 1 absent

Desmoplakin reduced or
absent

Plakoglobin absent

Missense, nonsense, spice site, frameshift,
in-frame
(large) deletions or insertions

Missense, nonsense, splice site, frameshift, in-
frame
deletion or duplications

Missense, nonsense,
frameshift,
splice site

Pathogenic variants in the
translation
initiation codon

Nonsense, missense,
frameshift, splice site

Nonsense, frameshift

Frameshift, splice site

Missense, nonsense, frameshift, splice site

Nonsense, frameshift, splice site

Nonsense, frameshift

Nonsense

Keratin 5

Keratin 14

Plectin

Kelch-like
protein 24

BPAG1

Exophiin 5

Tetraspanin 24
Transglutam
inase 5

Plakophilin 1

Desmopleki

Plakoglobin

AD

AD, AR

AD, AR

AD

AR

AR

AR

AR

AR

AR

AR
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Disease

Causative organism

| features

Histological features

Candidiasis

Cryptococcosis

Histoplasmosis.

Blastomycosis
Paracoccidioidomycosis

Coccidioidomycosis

Talaromycosis

Emergomycosis
(Emmonsiosis)

Candida albicans, Candida species

Cryptococcus neoformans, Cr. gatii

Histoplasma capsulatum, H. capsulatum
var. duboisi

Blastomyces dermatiditis, B. gilchristii
Paracoccidioides brasiliensis, P. lutzi

Coccidioides immitis, C. posadasii

Taleromyces mameffei

Emergomyces (Emmonsia) pasteurianus,
Es. afiicanus, Es. canadensis, Es.
orientals, Es. europacus

Invasive and disseminated infection ocours in
seriously il and immune compromised
patients

Pulmonary infection, dissemination in the
immune compromised, meningtis in AIDS.

Puimonary disease, dissemination in immune
compromised. H. duboisil disseminates to
skin and bone, Affica

Puimonary disease. Dissemination possible

Puimonary disease. Dissemination especially
mucocutaneous

Acute or chronic pulmonary disease, lung
cavities form, dissemination possible in
immune competent and immune
compromised

Puimonary infection, mainly immune
compromised. Dissemination

Puimonary infection with dissemination,
immune compromised hosts

Budding yeast cels (3-5 um), hyphae and
pseudohyphae (constriction occurs where there
are septa). C. glabrata does not produce hyphae
Small yeasts (4-10 pm) budding from a narrow
base, mucopolysaccharide capsule stains well
with mucicarmine. Fontana Masson stain useful
for acapsular variants

Small (24 pm) round to oval yeasts, budding
from a narrow base, may be clustered
intracelularly. H. duboisil are larger (8-15 um)
budding yeasts

Large thick walled yeasts (8-15 pm) that bud from
abroad base

Large yeast cells (15-30 m) with multiple
budding—ship’s wheel appearance

Thick walled spherules (10-100 pm) containing
endospores (2-5 ) in different stages of
development, granulomatous reaction

Small oval or curved yeast like cells that divide by
transverse fission forming athick septum. May be
clustered inside macrophages

Yeast-lie cells (2-7 pm)
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Pathogen / Infection

Bacterial - Mycobacterium
Mycobacterium tuberculosis

Mycobacterium leprae

Atypical
Mycobacteria

Bacterial - Spirochetes
Borrelia burgdorferi
Treponema palidum

Bacterial - Other
Bartonella henselae

Rickettsia rickettsi

Viral
Human Papiloma

Virus,

Human

Herpesvirus-8,

Herpes Simplex

Virus 1 &2,

Merkel cell polyomavirus,
Epstein-Barr virus.

Fungal

Candida albicans,
Histoplasmosis capsulatum,
Dermatophytes,

Aspergillus species

Parasite
Leishmania spp.

‘Conventional diagnostic methods

Histopathology & special staining by Ziehl-Nesisen (acid-fast).
Tissue culture for M. tuberculosis with sensitity testing.
Histopathology & special staining by

Wade-Fite (modified acidfast),

Tissue Culture. Special staining by acid-fast stains are less useful
during microscopy

Serological studies

Serological studies. Histopathology with Anti-

Treponema

palidum IHC is recommended and is more sensitive than special
staining by Warthin-Starry.

Serological studies preferred. Tissue culture, although requires

prolonged culturing time.
Serological studies.

Histopathology with adjunct IHC for viral proteins.

Fungal culture & microscopy. In addition, IHC and special staining:

periodic acid-Schiff (PAS) and Gomdri methenamine siver (GMS).

Histology with Giemsa special staining or in addition, anti-
Leishmania IHC

Molecular diagnostic methods

PCR on fresh samples is recommended with further sequencing for
antimicrobial resistance genes.

PCRis a viable option on FFPE samples due to lack of culturing M.
Leprae

PCR on fresh samples is recommended with sequencing for
species differentiation

PCR on fresh (serologic) samples
PCR on fresh (serologic) samples. FFPE samples may also be used
if fresh specimens cannot be obtained.

PCR on fresh (serologic) or. FFPE samples, with the latter to be used
if suspected during histopathology work-up.

PCR on fresh (eschar) skin sample. PCR on FFPE can

also be useful

HPV, EBV - In-situ hybridisation (typically chromogenic) on FFPE
sections would be suitable within the routine diagnostic seting
PCR may also be useful and can be used on FFPE tissues.

Pan-fungal PCR with subsequent sequending, or species-specific
PCR can be used on FFPE samples - ideally when fungal structures
are observed histologically. Alternatively, in-situ hybridisation
(alongside IHC) with species specific probes may also be useful in
PAS/GMS positive sections.

PCR - broad-range or
Leishmania genus PCR on Cuitured samples which can then be
followed by subspecies

differentiation via restriction fragment length polymorphism (RFLP)
or sequencing. PCR can also be carried out directly on fresh tissue
samples and FFPE.
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H&E morphological criteria used for LM/LMM diagnosis De-bulk Positive margins N = 22
N=15

Aytpia/pleiomorphism 15 (100%) 22 (100%)

Increased number of melanocytes 13 (86.7% 20 (91%)

Imegular pigment deposition 16.7% 0

Pagetiod spread 1(6.7%) 2(9.1%)

Epidermal atrophy/effacement 2(13.3%) 2(9.1%)

confluency 9 (60%) 17 (77.3%)

Nest formation 3 (20% 5(22.7%)

Adnexal involvement 5(33.3%) 7 (31.8%)
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Disease Organism Location
Histoplasmosis H. capsulatum States around the Mississippi and Ohio river valleys (easter to central USA), smaller foci in Central (Mexico) + South
America (e.g., Venezuala to Argentin), Africa, Asia (Thailand) and India, not in northem Europe
H. duboisii Found in Africa and between Tropics of Cancer and Capricom, and also on Madagasgar
Coccidioidomycosis C. immitis California, USA
C. posadasi Texas, Arizona, Mexico, central and south America
Blastomycosis B. dermatitidis Areas prone to flood, USA, Canada, small foci in North and Central Africa and in India
Paracoccidioidomycosis  P. brasiliensis, P. lutzii - Central and South America, not Chile. Moist subtropical forested areas with high rainfall
Talaromycosis T. mamefiei Southeast Asia, Thailand, Hong Kong, China
Emergomyces Es. pasteurianus, Europe (Italy, Spain, France, the Netherlands), Asia (China and India), Uganda, and South Africa
Es. africanus South Africa and Lesotho
Es. canadensis Canada (Saskatchewan), USA (Colorado and New Mexico)
Es. orientalis China

Es. europaeus Germany
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IHC Marker

Genetic alteration detected

Diagnostic uses

ALK (Anaplastic Lymphoma
Kinase)

BAP1 (BRCA1-Associated
Protein 1)

B -catenin

BRAFVB00E

NRASB1R

Pan-TRK
PRKR1A1

Fusions

Loss of function mutation and Loss of
heterozygosity

CTNNB?1 activating mutation
BRAFVB00E activating mutation

NRASQ61R activating mutation
NTRK1 and NTRK3 fusions

Loss of function mutation and Loss of
heterozygosity

ALK rearranged Spitz tumours
Lost in BAP1 inactivated melanocytic tumours VS retained in Spitz tumours

Deep penetrating Naevus

Negative in low risk spitz lesions VS positive in superficial spreading melanoma with
spitzoid morphology

Negative in low risk spitz lesion VS positive in superficial spreacing melanoma with
spitzoid morphology

NTRK-rearranged Spitz tumours.

Pigmented epithelioid melanocytoma
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LM positive sections n = 51 PRAME IHC labelling criteria denoted as a percentage of labelled lesional tumour nuclei

Negative 0 (0%) +1 (1%-25%) +2 (25%-50%) +3 (51%-75%) Positive (>75%) “diffuse”
De-bulk sections (n = 23) 12 0 0 1 21
Positive margin sections (n = 28) oo 3 2 & 19

40ne case examined was raported as LM histalogically but was negative for PRAME IHC in both the de-buk and iwo margin sections.
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WHO-EORTC Classification 2018

Gene/Translocation

Target/gene

Diagnostic immunohistochemical Markers

Cutaneous T-cell lymphomas
Mycosis fungoides

Mycosis fungoides variants
e Foliculotropic MF

e Pagetoid reticulosis

e Granulomatous siack skin

Sézary syndrome

Adult T-cell leukemia/lymphoma

CNV involve the 17p, 9p21 and
10q defetions and 17
amplification

Somatic mutation in JAK/STAT

Copy number variations (CNV)
Somatic mutation in JAK/STAT

CNVs
Somatic mutation in JAK/STAT
PLCG1,PRKCB,CARD11 and VAV1

Primary cutaneous CD30-positive lymphoprolferative disorders

e Primary cutaneous anaplastic
large cell ymphoma

e Lymphomatoid papulosis

Subcutaneous pannicuitisiike T-cell
lymphoma

Extranodal NK/T-cell lymphorma,
nasal type

Chroric active EBV infection

1(2:5)(p23;935)

6p25.3

3q28

NPM1-TYK2

IL6-JAK-STAT mutation
DNMT3A, TP53 mutation
IRF4/DUSP22 locus alteration

JAK-STAT mutation Gains in
8g24 [MYC]
mutations in DDX3X

Primary cutaneous peripheral T-cell lymphoma, rare subtypes

e Primary cutaneous v/ T-cell
lymphoma

« Primary cutaneous aggressive
epidermotropic CD8-positive
T-cell ymphoma
(provisional)

e Primary cutaneous CD4+ small/
medium T-cell LPD (provisional)

« Primary cutaneous acral
CD8+ T-cel lymphoma
(provisional)

Primary cutaneous peripheral T-cell

lymphoma, NOS

Cutaneous B-cell ymphomas

Primary cutaneous marginal zone

ymphoma

Primary cutaneous folicie center

ymphoma

Primary cutaneous diffuse large
B-cel lymphorna, leg type

EBV-positive mucocutaneous icer
(provisiona)
intravascular large B-cell ymphoma

STATSB mutation SETD2 mutation

CAPRIN1-JAK2 SELENOI-ABL1

Clonaly rearranged TCR genes

Clonally rearranged TCR genes

Clonally rearranged TCR genes

T (14:18) (32:021) t (3;14) (p14.1,032)
18q trisomy

1(14,18)(q32:921) 2016.31 (amp REL
14932.32 del

1p36 del

9p21

3p.14.1

6 del

8024

3927.3, 14932

PDL1/PDL2-transl.

18921.31-G21 ampl.

Clonally rearranged G and TOR genes

Mutations in MYD88, CD79B, SETD1B,
and HLA-B and PD-

L1/PD-L2 involving the 3’ untranslated
region

e.g. of some gene are:
DNMT3A, ARD1A, CTCF,
NCORY, KDMBA, SMARCB1,
ZEB1, PRKCB, PTPRN2, and
RLTPR

CTLA4-CD28 and
1COSCD28 fusions

ALK/NPM (ALK systemic)
DUSP22/IRF4 TP63
JAK/STAT

JAK/STAT

JAK/STAT

Specific genetic abnormaiities
have not been described
Specific genetic abnormalities
have not been described

Specific genetic abnormalities
have not been described

IgH/MALT FOXP1/GH FAS
mutations

IgH/BOL2 (rare in cutaneous
counterpart)

TNFRS14 mutations
CDKN2A (or hypermethytatior)
FOXP1

BIMP1

MYC

BCLS, IgH

MYD88-mut, CD79B,
CARD1 1, TNFAIP3/A20 (NF-
«B)

BCL2

CD3+, CD4+, CD8-, Cytotoxic proteins—, CD56-, af
T cell ineage and EBV-

FMF: CD3+, CD4+, CD8-, with an elevated CD4:
CD8 ratio (6-10:1); CD30 may be positive in large el
transformation

PR: variable CD4, CD8, and CDA0 expression; Ki-67/
MIB1 may show active prolfferation but is not specific
GSS: CD4+/45R0+/30+; multinucleated giant cells,
often CDB8+, and may have surrounding CD1a+ cells
CD3+, CD4+, CD5+/~, CD7-, CD25+/-, CD30+/~,
CD56-, CCR4+

CD3+, CD5+, CD45RO+, CDB+/~, CD25+/-, CD30+-,
CD7-, CD20-,

CD78-; elevated Ki-67 may be present in more
aggressive forms of ATL

CD3+/-, CD4-, CD8-, CD30+, Cytotoxic proteins-+,
CDS56-, ap T cell lineage and EBV-

CD3+, CD4+, CD25+, CD30+, CD45RO+, CDE6+/-,
CD2-, CD3-, CD5-,

CD7-. CD8 positvity, as opposed to CD4, is more
frequently seen in Type D and Type E

CD3+, CD4-, CDB+, Cytotoxic proteins+, CDS56-, a
T cell lineage and EBV-

CD3+, CD4-, CD8+ (surface CD3-), Oytotoxic:
proteins+, CDS6+, NK or y3 T cell neage and EBV+

CD3+, CD4~, CDB~/+, Cytotoxic proteins+, CD56+,
Y8 T cell lineage and EBV-

CD3+, CD4-, CD8+, Cytotoxic proteins+, CD56-, ap
T cel lineage and EBV~

CD3+, CD4+, CD8-, CD279/PD-1+, Cytotoxic
proteins-, CD56-, af T cell ineage and EBV-

CD3+, CD4-, CD8+, Cytotoxic proteins- but TIA-1+,
CD56-, ap T cell lineage and EBV-

CD20+, CD79a+, BCL2+, BCL6-, CD5-, CD10-,
CD16-

CD19+, CD20+, CD22+, CD79a+, PAX5+, BCL6+,
CD10+/-, BCL2

CD19+, CD20+, CD22+, CD79a+, PAX-5+, BCL2+,
IRF4/MUM-1+, FOXP1+

CD15+, CD30+, CD19+, CD22+, CD79%+, PAX-5+,
EBV+, IRF4/MUM-1+, CD20+/-, CD10-, BCL6—
CD79a+, CD20+, IRF4/MUM-1+, CD5+/-, CD10+/-,
CD29-, CD54~
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SL IHC results PRAME Melan A
Immunoreactivity absent - 0 +1 +2 +3 +4 Positive
N=3 N=3 N=2 N=3 N=40 N =51
DL IHC results 3 2 1 3 40 51
DL IHC concordance to SL IHC (%) 96.1% (49/51) 100% (51/51)

N =51
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Type of mycosis

Tissue type

Tissue involvement

Sources, route/risks of infection

Superficial and
cutaneous

Subcutaneous

Systemic

Skin, hair and nail

Skin

Blood, lungs, interal organs,
dissemination possible

$Skin infections confined to epidermis

Penetration of the dermis and
subcutaneous tissue

Dissemination from internal infection into the
skin may be possible

Human, animal, soil

For mould and environmental yeasts—contact with infected
material, minor abrasion

For commensal yeast species—changes in host susceptibiity,
underlying disease

Traumatic inoculation, fungi are environmental

Opportunistic infections—major risk is immune suppression,
underlying disease, hospitalisation

Endemic dimorphic infections—inhalation of fungal spores,
immune suppression
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Tissue Infection Cause Clinical features
Heir  Black Piedra Pledraia hortae Dark hard nodules on the hair shaft
White Piedra Trichosporon yeasts Soft white nodules on the hair shaft
Tinea capitis Dermatophytes mostly Trichophyton and Scaling, itch, erythema, hair loss, broken hair at or just above the scalp surface, can
Microsporum species lead to an inflammatory kerion lesion
Nail  Tineaunguium  Dermatophytes—mostly Trichophyton and Discolouration, streaking, hyperkeratosis

Epidermophyton species

Onychomycosis  Generic term for any fungal cause—mould or yeast  Discolouration, streaking, hyperkeratosis, paronychia, onycholysis
Candida Candida species Paronychia, onycholysis, discolouration
Skin  Tinea Dermatophyte species Scaling, erythema, presence of a raised leading edge with some healing behind. ftch
Candida Candida species Scaling, erythema, maceration, satelite lesions forming away from lesion edge, may
be sore
Piyriasis Malassezia species Scaling, hypo/hyper pigmentation. lich
versicolor

Tinea nigra

Hortea wemneckii

Scaling, dark discolouration
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Stain

Appearance of fungus in tissue

Reaction in tissue

H&E

PAS
GMS
Fontana
Masson

Cytoplasm pink

Nucleus blue

Cell wall colourless

Cell wall pink to red to purple
Cell wall dark brown to black
Stains melanin deposits brown to
black

Stains nudieic acids blue/purple. Stains proteins in cytoplasm, membranes, etc., pink. Useful to highiight
inflammatory processes in tissue

Stains carbohydrates, polysaccharides, glycogen, mucoproteins, and mucins in tissue
Primarily used to bind to carbohydrate in cell walls of fungi. Tissue usually stained green
Stains melanin deposits in tissue
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Disease

‘Common causes

Clinical presentation

Histology

Mycetoma Madurella mycetomatis Trematosphaeria Ghronic infection of skin, subcutaneous  Presence of a grain surrounded by an
grisea, Falciformispora senegalensis, tissue and bone. Nodule forms an abscess  infiammatory reaction. Eumycetoma grains
Phialophora, Scedosporium, Fusarium and drains to the surface via sinus, contain narrow hyphae—pigmented (dark grain)
species, Aspergillus nidulans, Sarocladium,  discharge contains grains. Deformity and  or hyaline (pale grain)
(Acremonium) disabilty considerable. Important to
distinguish bacteria from fungal cause
Sporotrichosis Sporothrix schencki, S. brasiliensis, Cutaneous infection: initial nodule forms a  Oval to elongated (cigar shaped) yeasts with
S. mexicana, S. globose, S. luriei granuloma or uicer with satellte lesions at budding from a naow base, asteroid bodies
the edges, secondary nodules appear
along course of draining lymphatics,
commonly limbs
Chromoblastomycosis  Fonsecaea pedroso, F. compacta, Chronic, slow growing warty nodule to Epidermal hyperplasia, granulomatous response,
Cladophialophora carrionii, Phialophora plaque, autoinoculation results in satelite  transepidermal elimination of debris, presence of
vernucosa lesions. Elephantitis round thick walled fungal cells (muriform bodies)
Phaechyphomycosis  Exophiala jeanselmei, E. dermatitdis, E. Subcutaneous cysts, abscess, vermucous  Pseudoepitheliomatous hyperplasia,
spinifera, Phacoacremonium parasiticum, plaque. Immune suppression and inflammatory infitrate, presence of septate
Phialophora verrucosa, Alteraria altemata,  transplant are risk factors pigmented hyphae or hyphal fragments
Bipolaris species, Scedosporium species,  Some species can cause systemic
Lomentospora profificans, Curvularia lunata  infections
Hyalohyphomycosis ~ Aspergillus species Varied: verrucous, erythematous macules,  Inflammation, granulomatous reactions, narrow,
Fusarium species papules and indurated nodules, ulceration  regularly septate hyphae
Scedosporium species Some species can cause systemic
Acremonium species infections
Paeciomyces/Purpureocillium species
Mucormycosis Rhizopus species Necrosis, ulceration, sweling, Wide, thin walled, pauciseptate hyphae,
Lichtheimia corymbifera inflammation, rapid progression Branching may be at right angles. Hyphae may
Rhizomucor species appear distorted. Little inflammation surrounding
Mucor species hyphae
Entomophthoromycosis  Basidiobolus ranarum Conidiobolus Slowly progressing subcutaneous swelling:  Wide, thin walled, pauciseptate hyphae,
coronatus Conidiobolus mainly affects the face and  Branching may be at right angles. Hyphae may
nasal passages appear distorted. Surounded by granulomatous
Basidiobolus mainly affects limbs inflammatory reaction
Lobomycosis Lacazia loboi Papule slowly progresses to form nodules  Oval yeast-like cells connected in short chains by

or plaques with keloid like appearance.
Older lesions can be crusted

a tubular structure
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