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Abstract

Immunohistochemistry is an integral component in the proper analysis of soft tissue tumours, and 

a simple panel of six markers is useful in practical triage: CD34, desmin, epithelial membrane 

antigen (EMA), keratin cocktail AE1/AE3, S100 protein and alpha smooth muscle actin (SMA). 

These markers frequently assist in the differential diagnosis of fibroblastic, myoid, nerve sheath 

and perineurial cell tumours, synovial and epithelioid sarcoma and others. However, they all are 

multispecific, so that one has to be cognizant of their distribution in normal and neoplastic tissues. 

Four additional useful markers for specific tumour types are discussed here: CD31 and ERG for 

vascular endothelial tumours, and KIT and DOG1/Ano-1 for gastrointestinal stromal tumours 

(GISTs). However, hardly any marker is totally monospecific for any one type of tumour. 

Furthermore, variably lineage-specific markers do not usually distinguish between benign and 

malignant proliferations, so that this distinction has to be made on histological grounds. 

Immunohistochemical evaluation is most useful, efficient and cost-effective when used in the 

context of careful histological evaluation by an experienced pathologist, aware of all diagnostic 

entities and their histological spectra. Additional diagnostic steps that must be considered in 

difficult cases include clinicoradiological correlation and additional sampling of remaining wet 

tissue, if possible.
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Introduction

Diagnostic immunohistochemistry is a daily tool in the evaluation of soft tissue tumours. It 

is best used as a diagnostic adjunct following careful assessment of histopathology and 

formulation of differential diagnosis. The effective use of immunohistochemistry 

specifically assesses the differential diagnostic possibilities, and the use of a small 

‘universal’ panel is suggested here: CD34, desmin, EMA, keratin cocktail AE1/AE3, S100 

protein and SMA. The other four markers discussed below address two specific problems: 

endothelial cell proliferations (CD31 and ERG) and GISTs (KIT and DOG1/Ano-1).
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Unthinking use of diagnostic immunohistochemistry out of histological context can lead to 

serious errors and is strongly discouraged. Although comprehensive diagnostic algorithms 

based on immunohistochemistry results alone have been suggested as diagnostic aids at 

various times, their general applicability in the diagnosis of soft tissue tumours has 

limitations. These are related to the multispecificity of most markers and antigenic 

complexity of many tumour types.

The widely used established markers have the advantage of extensive existing data. Some 

new markers are potentially more specific to certain tumour types. However, it is necessary 

to be careful with diagnostic conclusions based on the newly introduced markers, as data 

may be scant with overly optimistic impression on specificity. The more an 

immunohistochemical marker is used, the more readily the findings can be predicted and 

potentially applied in a more targeted and economical immunohistochemical evaluation. The 

best combination for diagnostic immunohistochemistry of soft tissue tumours is a 

pathologist extensively knowledgeable of all diagnostic entities and their variants and of the 

distribution of antigens in normal and neoplastic tissues. Widespread automation of 

immunohistochemistry facilitates reproducibility.

The first section of this review contains outlines of the 10 markers (six core markers and 

four supplemental markers), and the second section discusses briefly selected tumour type-

specific applications, with mentions of diagnostically critical supplemental markers. Finally, 

technical considerations are discussed briefly.

Ten key markers for the diagnosis of soft tissue tumours

CD34

CD34 is a transmembrane glycoprotein containing sialomucin elements. It is believed to be 

important in the regulation of cell recognition and trafficking. CD 34 was originally 

recognized as an antigen expressed in haematopoietic stem cells, and remains one of the key 

markers in their characterization.1 As a membrane antigen, CD34 is expressed typically in a 

distinct membrane pattern, which is more obvious in cells with epithelioid morphology. 

Clone QBEND/10, which performs well in formalin-fixed and paraffin-embedded tissue 

following heat-induced epitope retrieval, is offered by many major immunohistochemistry 

vendors.

CD34 is expressed in vascular endothelial cells, but often shows a weaker expression in 

lymphatic endothelia. Originally reported specifically in periadnexal and perivascular dermal 

fibroblasts,2 CD34 is also expressed in other soft tissue fibroblasts and septal and stromal 

elements in various visceral locations. CD34 is a multispecific marker, which is nevertheless 

highly useful in soft tissue tumours. CD34 shows limited expression in epithelia, but is 

present in hair shaft outer root cells and their neoplastic derivatives.3

CD34 is a marker of many types of fibroblastic tumours, such as dermatofibrosarcoma 

protuberans,4 contrasting with dermatofibroma/benign cutaneous fibrous histiocytoma 

(Table 1).5 Solitary fibrous tumour is also CD34-positive6 but, similar to 

dermatofibrosarcoma, the corresponding fibrosarcomatous or ‘de-differentiated’ forms may 

Miettinen Page 2

Histopathology. Author manuscript; available in PMC 2020 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



show low or no expression. A variety of other, mostly morphologically highly distinctive 

fibroblastic tumours, are also CD34-positive, so that CD34-positivity alone does not define 

any fibroblastic tumour type. Among these are the benign superficial acral fibromyxoma,7 

and malignant tumours such as myxofibrosarcoma and de-differentiated liposarcoma, which 

are variably positive. CD34 is expressed in many lipomatous tumours, and particularly 

strongly in the spindle cell component in spindle cell and pleomorphic lipoma.8

In vascular endothelial tumours, CD34 highlights the endothelial component of benign 

angiomas. Its expression is variable (50–60%) in malignant endothelial neoplasms, such as 

epithelioid haemangioendothelioma and angiosarcoma; however, CD34 is expressed 

consistently in Kaposi sarcoma.1

Approximately 50% of epithelioid sarcomas show membranous positivity for CD34, 

whereas positivity in carcinomas and other epithelial or keratin-positive neoplasms, such as 

synovial sarcoma, is very rare.9,10 Table 1 lists diagnostic applications of CD34 

immunohistochemistry, showing tumours with contrasting patterns of immunoreactivity.

DESMIN

Desmin is the intermediate (10 nm diameter) filament protein of muscle cells and is 

expressed typically in skeletal muscle and most smooth muscle cells, except some vascular 

smooth muscle. When judging desmin positivity in tumours, its presence in entrapped 

reactive smooth or skeletal muscle cells must be carefully excluded. A commonly used clone 

is D33, with excellent performance in formalin-fixed tissue following heat-induced epitope 

retrieval. Desmin is also expressed in a subset of interstitial reticulum cells of lymph nodes 

and the so-called myoid cells in thymus.

Desmin is useful in the diagnosis of skeletal muscle and smooth muscle tumours. In some 

cases, desmin immunohistochemistry can appropriately alert one to an unusual 

rhabdomyosarcoma, which has to be evaluated further with additional, more lineage-specific 

markers such as myogenin and MyoD1 (Figure 1). Similarly, h-caldesmon is another useful 

marker to support smooth muscle differentiation. Desmin can also be present in 

myofibroblasts, and therefore myofibroblastic tumours such as desmoid fibromatosis can be 

focally positive.11

Notably, desmin is expressed strongly in a number other tumours, none of which can be 

considered skeletal or smooth muscle tumours. The most important examples include 

desmoplastic small round cell tumour, which often contains desmin-positive perinuclear 

dots.12,13 Even Ewing sarcoma can be occasionally desmin-positive. In aggressive 

angiomyxoma, desmin immunostain highlights the cytoplasm of dendriticshaped tumour 

cells, as well as possible perivascular smooth muscle elements.14 Cellular angiofibroma in 

the pelvic/inguinal region is variably desmin-positive, and approximately half of 

angiomatoid fibrous histiocytomas contain desmin-positive tumour cells.15,16 Tenosynovial 

giant cell tumours often contain scattered desmin-positive dendrite-shaped cells, which can 

help to identify these tumours when seen at unusual locations.17
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EPITHELIAL MEMBRANE ANTIGEN (EMA, MUC1)

EMA is a glycoprotein also known as MUC1 apoprotein. It is expressed in a variety of 

ductal, secretory and other epithelial cells, often in a luminal membrane pattern. In addition, 

EMA is expressed in meningothelial and perineurial cell membranes and in subpopulations 

of plasma cells. The monoclonal antibody clone E29 is used commonly to detect EMA/

MUC1 in routinely processed tissue, and performs well following heat-induced epitope 

retrieval.18

EMA is useful in detecting epithelial differentiation in soft tissue tumours, and in such 

tumours it is typically detectable in synovial sarcoma, epithelioid sarcoma, myoepithelioma 

and many, but not all, metastatic carcinomas. Notably, some other sarcomas, such as 

leiomyosarcoma and rarely angiosarcomas, can also be positive, and this has to be 

considered in the differential diagnosis.

EMA is also useful in the diagnosis of meningiomas and perineuriomas, most of which show 

at least focal positivity.19,20 Specific variants of perineuriomas have been discovered based 

on EMA positivity, supplementary perineurial cell markers (claudin-1, GLUT-1) or 

ultrastructural analysis. Among these variants are sclerosing perineurioma of fingers21 and 

spindle cell perineuriomas of soft tissue in general.22–24 Most perineuriomas are identified 

on the basis of slender or slightly epithelioid spindle cells in lamellar organization showing 

variable positivity for EMA (Figure 2).

It is not known whether EMA positivity, often detected in low-grade fibromyxoid sarcoma,25 

is due to real expression of MUC1 or possible cross-reaction of the MUC1 antibodies with 

MUC4, another EMA-family protein, which is expressed highly in low-grade fibromyxoid 

sarcoma.26

KERATINS

Keratin expression in soft tissue tumours is summarized in Table 2. Keratins are a complex 

family of cytoskeletal intermediate filament proteins expressed typically in various epithelia 

in a differentiation-dependent manner. The following summary concerns 20 epithelial or 

‘soft’ keratins; the ‘hard’ keratins expressed in hair and nails are not discussed here.

Diagnostically more important in soft tissue tumours are simple epithelial (‘low molecular 

weight’) keratins, based on their wider expression profile in different epithelial cells. 

However, on balance, these keratins may have increased presence in mesenchymal cells so 

that careful judgement and possibly additional markers are needed to determine whether or 

not their expression signifies epithelial differentiation.

Keratin proteins present in regular epithelia (‘soft keratins’) are encoded by two multigene 

families, with the individual names abbreviated as KRT, followed by a number. The classic 

keratin catalogue of Moll et al. classifies denatured and urea-depolymerized keratins by 

molecular masses and isolelectric points by two-dimensional gel electrophoresis.27 Type 2 

(or B for basic) keratins with more basic isoelectric points are numbered 1–8 from the 

highest to lowest molecular weight. Of these, numbers 7 and 8 are more important in soft 

tissue tumours.
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Type 1 (or A for acidic) keratins have lower (more acidic) isoelectric points and are 

numbered 9–18, from the highest to lowest molecular weight. Keratin 20, a later addition to 

the Moll et al. catalogue, also belongs to this family. Most important in soft tissue tumours 

are lower molecular weight keratins of this group, keratins 18 and 19.27–29

Although type-specific antibodies are available for nearly all individual keratins, 

multispecific keratin antibodies such as AE1 (recognizing keratins 9–17) and AE3 

(recognizing keratins 1–8) have wide practical use, often as a cocktail containing both 

antibodies. Note that even the AE1/AE3 cocktail does not detect all keratins, and in 

particular has a ‘blind spot’ in not recognizing keratin 18. Therefore, alternative 

multispecific or K18-specific antibodies have to be used to detect keratin 18.

The lower molecular weight keratins (7, 8, 18 and 19) are expressed generally in non-

stratified (simple epithelia), and the higher molecular weight keratins (5, 6, 13, 14) are 

present in stratified epithelia and basal cells of complex glandular epithelia (such as 

respiratory epithelia). Selective mesenchymal expression of keratins includes the presence of 

keratins 7, 8 and 18 in some smooth muscle cells (myometrium, vascular and some 

parenchymal smooth muscle) and expression of keratins 7 and 18 in some vascular 

endothelial cells.29

Keratin 20 has a very characteristic distribution, being present in intestinal epithelia, the 

uppermost layer of urothelia (the umbrella cells) and in Merkel cells. In soft tissue tumours, 

K20 is practically important as a marker for Merkel cell carcinoma.30,31

Soft tissue tumours with epithelial differentiation include synovial sarcoma and epithelioid 

sarcoma, and these tumours generally express simple epithelial keratins K8, K18 and K19. 

In addition, keratin 7 is also expressed in synovial sarcoma but usually not in epithelioid 

sarcoma. Even the high molecular weight keratins typical of stratified epithelia and keratin 

20 can be focally present in biphasic synovial sarcoma.32

Mixed tumours or myoepitheliomas of soft tissue most commonly contain keratin-positive 

elements, as detected with the AE1/AE3 keratin cocktail, but keratin subtypes have not been 

analysed in detail.33

As might be expected from normal tissue distribution, keratins (especially K7 and K18) are 

also present in some vascular endothelial neoplasms (especially haemangiomas and some 

angiosarcomas) and in some smooth muscle tumours. In addition, K8 is expressed in some 

angiosarcomas.34,35 Additional sarcomas with keratin expression include desmoplastic small 

round cell tumour (typically extensive) and Ewing sarcoma (almost always focal, if present).

Experimental studies showed that virally transformed cultured fibroblasts can also express 

keratins, especially K8 and K18, and this forms a logical scientific basis for the observation 

that various sarcomas with non-epithelial differentiation can also show variable, usually 

limited keratin expression.36,37 For example, myxofibrosarcomas and related tumours 

somewhat frequently contain keratin-positive tumour cells (Figure 3).
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A specific problem related to AE3 antibody is cross-reactivity in the brain, possibly via its 

cross-reaction with GFAP.38 This may be the reason why schwannomas (especially spinal 

and retroperitoneal lesions) can also be AE1/AE3-positive.39

ALPHA SMOOTH MUSCLE ACTIN (SMA)

While all cells contain actin microfilaments as part of their cytoskeleton, SMA has some 

specificity for smooth muscle cells. It is also expressed in the smooth muscle-related 

pericytes and glomus cells, and in myofibroblasts and myoepithelial cells.

Applications of SMA immunohistochemistry in soft tissue tumours are listed in Table 3. 

SMA can be utilized as marker to diagnose myofibroblastic, smooth muscle and related 

tumours. In order to observe the true tumour cell phenotype, one has to distinguish reactivity 

in tumour cells from that in entrapped non-neoplastic cells, and this can be tricky at times.

Among the myofibroblastic tumours, nodular fasciitis and fibroma of tendon sheath are 

strongly positive, a fact that should not lead to confusion with smooth muscle tumours, such 

as leiomyosarcoma. SMA is expressed in 30% of GISTs, so that other markers such as KIT 

also have to be used. In addition, SMA can be applied in detection of pericytic cell 

populations in vascular tumours and myoepithelial cell differentiation in neoplasms. 

However, in soft tissue myoepithelioma this is rarely fruitful.40

S100 PROTEIN

S100 protein, so named based on its 100% solubility to neutral ammonium sulphate, was 

isolated originally from brain tissue and subsequently shown to be a good marker for 

Schwann cells, melanocytes, glial cells and some neurones of the brain. In addition, S100 

protein is also expressed in cutaneous Langerhans cells, their derivatives interdigitating 

reticulum cells of lymphoid tissue, adipocytes, cartilage and some myoepithelial cells.40,41

Although S100 protein is actually encoded by a multigene family with various subunits, 

polyclonal multispecific antibodies are typically used and analysis with subunit-specific 

antibodies is not widely used in clinical practice. Despite its multispecificity, S100 protein is 

a very useful marker in the evaluation of soft tissue tumours. Polyclonal antibodies are still 

the most commonly used, often with no epitope retrieval. The polyclonal antibody requires 

careful titration of the dilution to obtain the maximal possible detection sensitivity and 

specificity. S100-positive dendritic antigen-presenting cells are a ubiquitous internal control, 

especially useful when evaluating tumours.

S100 protein is useful in detecting Schwann cell differentiation in nerve sheath tumours and 

highlighting normal Langerhans cells in skin and interdigitating reticulum cells in lymphoid 

tissue, as well as Langerhans cell histiocytosis and related lesions, and also the large 

histiocyte-like cells typical of Rosai–Dorfman disease.

Metastatic melanoma is typically strongly positive for S100 protein and is perhaps the most 

common S100-positive malignant soft tissue tumour. In fact, malignant peripheral nerve 

sheath tumours (MPNST) are more commonly S100 protein-negative than positive, although 

they may contain S100 protein-positive residual Schwann cells of the pre-existing 
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neurofibroma. S100 protein-only phenotype of metastatic melanoma (without more 

melanoma-specific markers such as HMB45 and MelanA) may be difficult to differentiate 

from S100 protein-positive MPNST. Nodal tumour location and the history of melanoma 

would point towards metastatic melanoma, although it should be remembered that the 

melanoma-related clear cell sarcoma of soft parts may also metastasize to lymph nodes; the 

distinction of melanoma from clear cell sarcoma is aided by genetics, as the latter contains 

EWSR1 gene rearrangements, in contrast to melanoma. The pre-existing neurofibroma 

component within the tumour is practically the only definitive evidence for MPNST over 

other neuroectodermal malignancy. In some cases, the distinction may be impossible and 

then the descriptive diagnosis of ‘malignant neuroectodermal neoplasm’ (including 

melanoma, MPNST and possibly also clear cell sarcoma) is appropriate.

S100 protein is also expressed in cartilage cells and has some value in identification of 

cartilaginous components in various tumours. It may also be useful in pinpointing atypical 

adipocytes and lipoblasts in the diagnosis of atypical lipomatous tumours and liposarcomas.

The Sox10 transcription factor is emerging as a new marker for schwannian and melanocytic 

tumours, although the data are still somewhat limited.42

CD31

Also known as PECAM-1 (platelet-endothelial cell adhesion molecule-1), CD31 is a cell 

membrane protein expressed in endothelial cells, platelets and some primitive 

haematopoietic (myeloid) cells.43

CD31 has been the gold standard as a marker for endothelial differentiation in the 

recognition of vascular endothelial tumours. Although benign angiomas can usually be 

diagnosed histologically, the diagnosis of malignant vascular tumours – epithelioid 

haemangioendothelioma, angiosarcomas and Kaposi sarcoma – is aided by demonstration of 

CD31, which is expressed almost universally in this group.44–46 The use of additional 

endothelial markers such as ERG (see below) is beneficial as a double confirmation for any 

malignant endothelial tumour, especially in poorly differentiated tumours. HHV-8 offers a 

specific confirmation for Kaposi sarcoma.

In addition, CD31 is expressed in some other mature haematopoietic cells, especially some 

plasma cells and histiocytes. The latter-mentioned immunoreactivities are pitfalls in 

diagnostic use, potentially causing overdiagnosis of endothelial differentiation.47 Another 

pitfall is the presence of CD31 in platelets and thrombi from where the antigen can be 

adsorbed onto the surface of tumour cells, potentially simulating antigen expression.

ERG

The protein encoded by the ERG gene (abbreviated from ETS-related gene) belongs to the 

ETS (erythroblastosis family) transcription factors, many of which are expressed 

constitutively in endothelial cells. Because ERG expression is generally retained, even in 

malignant endothelial cells, ERG is a good diagnostic marker for angiosarcoma and other 

malignant vascular tumours.48 Illustrative case reports and small series have supported the 

diagnostic value of ERG in the differential diagnosis of cutaneous and soft tissue tumours of 
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endothelial origin.49,50 A monoclonal antibody generated by the Center of Prostate Disease 

Research and now made commercially available is an excellent diagnostic reagent.51 Other 

antibodies are also available, but some might cross-react with other ETS family transcription 

factors and thus lack specificity.52

Natural expression of ERG in non-endothelial cells also includes a subset of myeloid 

precursors and a majority of blastic extramedullary myeloid tumours (myeloid sarcomas). 

Therefore, additional markers, such as myeloperoxidase and pan-leucocyte or other widely 

expressed antigens such as CD45 (LCA) or CD43 should be used to distinguish these 

tumours from poorly differentiated angiosarcomas.48 Recently, ERG has also been 

commonly detected in epithelioid sarcoma, which is a diagnostic pitfall when using ERG as 

an endothelial cell marker.53

In addition, ERG expression can be induced by ERG-activating translocations in certain 

sarcomas, most importantly a small subset of Ewing sarcomas (10%).54 ERG is also 

involved in rare variant myxoid liposarcoma translocations and therefore might be expressed 

occasionally in these tumours.

ERG-activating translocations are common in prostate carcinoma and have been estimated to 

occur in 40–50% of cases. They result in immunohistochemical ERG positivity, which does 

not seem to occur otherwise in carcinomas. Therefore, immunohistochemical evaluation of 

ERG may be a useful test to evaluate the possible prostatic origin of metastatic carcinomas.
48,51,55

KIT

KIT receptor tyrosine kinase is a key cell signalling molecule, also referred to as CD117. It 

becomes normally activated (phosphorylated) when binding of its ligand stem cell factor 

links together two KIT molecules which then cross-phosphorylate each other’s KIT tyrosine 

kinase domain, making it ready to phosphorylate downstream targets in the KIT signal 

transduction cascade. Activation of the KIT signalling pathway typically promotes cellular 

growth over apoptosis. A classical example of pathological KIT activation by gain-of-

function mutation occurs in GISTs, most of which have these mutations.56–60

KIT-dependent and immunohistochemically KIT-expressing cells include haematopoietic 

stem cells, mast cells, germ cells, melanocytes, certain epithelia (especially in skin adnexa) 

and Cajal cells of the gastrointestinal tract.61,62

The main application of KIT detection by immunohistochemistry is identification of GIST, 

but rare subsets of other soft tissue tumours can be positive. These include Ewing sarcoma 

and angiosarcoma, and extraskeletal myxoid chondrosarcoma has also been reported to be 

occasionally positive. Neovascular endothelia in various tumours can also be KIT-positive, 

which should not be confused with tumour cell immunophenotypes.63,64 The search for 

treatment targets for KIT inhibitors by immunohistochemical KIT-positivity only is no 

longer considered a valid idea.

GIST always needs to be recognized specifically, as these tumours can have specific 

oncological treatment with KIT–tyrosine kinase inhibitors such imatinib and the expanding 
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family of newer inhibitors. GIST has to be included in the differential diagnosis not only for 

gastrointestinal but also for any intraabdominal or hepatic mesenchymal tumours. In our 

experience, GISTs are more common than true leiomyosarcomas in the retroperitoneum. 

Furthermore, rare peripheral soft tissue or skin metastases can be diagnostic pitfalls.

The most practical way to evaluate GIST is immunohistochemistry for KIT, which captures 

>95% of GISTs. A small subset of GIST that especially include some PDGFRA mutant 

gastric GISTs can be KIT-negative or only focally positive (Figure 4). However, these GISTs 

are typically positive for DOG1/Ano-1 (see below).

DOG1/ANO - 1

DOG1 (discovered on GIST), also known as Anoctamin-1 (Ano-1) is a calcium-activated 

chloride channel protein expressed strongly in the gastrointestinal Cajal cells and GISTs. 

This gene product was named following discoveryin GIST in expression arrays, and was 

also discovered independently and alternatively named as a transmembrane protein 16A 

(TMEM16A), overexpressed in oral (squamous cell) carcinoma 2 (ORAOV2) and tumour-

amplified and overexpressed sequence 1 (TAOS1).65–67

DOG1/Ano-1 has been recognized as a valuable alternative marker after KIT. It is especially 

useful in KIT-negative gastric GISTs, many of which are PDG-FRA-mutant tumours: such 

mutants still appear strongly positive for DOG1.68,69

Relatively few non-GIST mesenchymal tumours are positive for DOG1. Such tumours 

include a minority of benign and malignant smooth muscle tumours and synovial sarcomas 

(DOG1 positivity in all these categories is rare). In addition, endothelial cell labelling is also 

possible. However, DOG1 is expressed commonly in gastrointestinal carcinomas, especially 

oesophageal (and other) squamous cell carcinomas and various adenocarcinomas. Normal 

gastric mucosa can also be positive.70,71 A recent study suggested that DOG1 is useful in the 

diagnosis of chondroblastoma.72

Discussion of selected entities

SMOOTH MUSCLE AND RELATED TUMOURS

Smooth muscle tumours, both benign and malignant, are generally recognizable 

histologically by their variable likeness to smooth muscle cells. They are often arranged in 

intersecting fascicles and composed of spindled or rarely epithelioid cells with eosinophilic 

cytoplasm and blunt-ended nuclei. Undifferentiated or ‘de-differentiated’ smooth muscle 

tumours are immunohistochemically challenging, as they may lack the antigens typical of 

differentiated smooth muscle cells. A more fruitful approach could be additional sampling to 

find differentiated elements that would allow a specific diagnosis.

Immunohistochemically differentiated smooth muscle and smooth muscle tumours are 

almost invariably alpha SMA-positive, so that if this marker is absent one should hesitate in 

diagnosing a smooth muscle tumour. However, SMA positivity alone is not sufficient for the 

diagnosis of smooth muscle differentiation, as positive tumours include many other entities. 

Among these are myofibroblastic lesions, such as nodular fasciitis and sarcomas with 
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myofibroblastic differentiation. Also, 30% of GISTs are SMA-positive, in many cases 

extensively.

Desmin positivity is detectable in a great majority of smooth muscle tumours. Benign 

smooth muscle tumours are generally uniformly positive, but leiomyosarcomas vary. In all, 

70–80% of cases show some positivity, but this can vary from focal to extensive.

Supplementary markers for smooth muscle differentiation include smooth muscle myosin73 

and h-caldesmon.74,75 Both are generally absent in myofibroblastic tumours. However, in 

our experience both are present in at least 30–50% of GISTs, which has to be considered in a 

the differential diagnosis.

PEComa is a smooth muscle-related tumour. It has variable expression of smooth muscle 

markers and additional expression of HMB45 (gp 120) and potentially MelanA. 

Furthermore, oestrogen receptor is frequently present. Occurrence is most common in the 

abdominal cavity, especially in the uterus and retroperitoneum.76

SKELETAL MUSCLE TUMOURS

Skeletal muscle differentiation is a defining feature of rhabdomyosarcoma, but it has to be 

remembered that rhabdomyosarcoma-like components occur in many other tumours, so that 

rhabdomyosarcomatous differentiation is not synonymous with rhabdomyosarcoma. This is 

especially true for tumours in adult patients. Among the most common non-

rhabdomyosarcoma tumours with rhabdomyosarcoma-like differentiation are gynaecological 

carcinosarcoma (malignant mixed mullerian tumour), de-differentiated liposarcoma and 

MPNST with rhabdomyosarcomatous differentiation (malignant Triton tumour). In rare 

cases even some carcinomas, such as Merkel cell carcinoma, have been reported to acquire 

rhabdomyosarcomatous elements. Heterologous rhabdomyosarcomatous differentiation has 

also been reported in imatinib-treated GISTs.77 From this it follows that the diagnosis of 

rhabdomyosarcoma (especially in an adult patient) can hardly be ever made without 

extensive sampling and clinical correlation.

Desmin-positive sarcomas, especially when SMA-negative, should be studied further to rule 

out rhabdomyosarcoma. The best markers are myogenic determination factors (MyoD1, 

myogenin), with positive tumours showing nuclear positivity. Although nuclear myogenin or 

MyoD1 indicates rhabdomyosarcomatous differentiation, regenerative skeletal muscle nuclei 

can also be positive, which is a diagnostic pitfall.78

VASCULAR ENDOTHELIAL TUMOURS

Epithelioid haemangioendothelioma and angiosarcoma are the main groups of malignant 

vascular endothelial neoplasms. They all display an endothelial phenotype.

Nearly all malignant vascular endothelial tumours are immunohistochemically positive for 

CD31 and ERG with nuclear staining. However, CD34 is only variably expressed in 

malignant vascular tumours (approximately 50% positive) and is therefore less useful in 

their diagnosis.
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Endothelial markers assist greatly in the diagnosis of epithelioid haemangioendothelioma 

and poorly differentiated angiosarcoma, as these tumours can otherwise be easily 

misdiagnosed as primary or metastatic carcinoma or even mesothelioma, depending on the 

site of occurrence. For example, epithelioid haemangioendothelioma in the urinary bladder 

can be easily confused with urothelial carcinoma or possibly paraganglioma (Figure 5).

Those angiosarcomas that do not contain histologically obvious vasoformation are extremely 

difficult to identify. In some cases, angiosarcoma can even resemble lymphoma in being 

composed of uniform round to ovoid cells. Both ERG and CD31 highlight the neoplastic 

cells which, in addition, contain other less specific endothelial markers, such as claudin-5 

and Prox1.

BENIGN NERVE SHEATH TUMOURS

Three categories of nerve sheath tumours are discussed here: schwannoma, neurofibroma 

and perineurioma. In this study, granular cell tumour is mentioned only as an S100 protein-

positive Schwann cell-related tumour.

Schwannoma is a purely schwannian tumour, and its immunohistochemical profile reflects 

this. Schwannomas typically show S100 protein positivity in all tumour cells, whereas the 

CD34-positive fibroblastic component is absent or scant and essentially present only in 

pericapsular or degenerative areas.

In contrast to schwannoma, neurofibromas have a heterogeneous cellular composition, and 

in addition to S100-positive Schwann cells also contain CD34-positive fibroblasts (Figure 

6). Observation of such dual populations by immunohistochemistry can be helpful in 

distinguishing schwannomas and neurofibromas.79,80 However, hybrid tumours, such as the 

schwannoma–neurofibroma hybrids reported recently in neurofibromatosis type 2 (NF2) 

patients, have to be considered.81 Also, other tumours such as spindle cell lipoma can 

simulate neurofibroma by showing CD34-positive and S100 protein-positive populations 

(Figure 7).

Perineuriomas are a histologically heterogeneous category. However, they are often 

distinctive in their resemblance to meningioma, whether being composed of epithelioid cells 

in a trabecular arrangement (sclerosing perineurioma) or spindle cells with lamellar 

organization. EMA is a good screening marker, but the addition of GLUT-1 and claudin-5 

can be useful. However, none of these markers is totally specific for perineurial cells. In 

general, malignant perineurioma is difficult to define, as all perineurial cell markers can be 

expressed in a variety of sarcomas.

MALIGNANT PERIPHERAL NERVE SHEATH TUMOUR (MPNST)

In general, MPNST is a diagnosis tied to a clinical context: occurrence from a neurofibroma 

or within a nerve trunk, often in the context of neurofibromatosis type 1 (NF1). 

Histologically, most examples are composed of spindle cells with an overall fibrosarcoma-

like appearance.
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In most cases MPNST has a non-specific immunohistochemical profile, as the tumour cells 

often do not contain S100 protein. However, the latter highlights the schwannian component 

in residual neurofibroma frequently intermixed in an MPNST lesion, and this can be 

diagnostically useful.82 As an exception, epithelioid MPNST is an unusual variant, which is 

typically strongly positive for S100 protein. Also, immunostains for desmin or myogenic 

determination markers can highlight skeletal muscle differentiation seen in some MPNSTs.

UNDIFFERENTIATED PLEOMORPHIC SARCOMA (MFH)

By definition, undifferentiated pleomorphic sarcoma is a diagnosis by exclusion, and no 

markers exist for its specific verification. Most importantly, other pleomorphic neoplasms, 

including variants of carcinomas, melanomas and specific sarcomas, have to be ruled out. In 

general, strong S100 protein positivity must raise strong suspicion of a melanoma (primary 

or metastatic), noting that malignant epithelioid nerve sheath tumours are also typically 

S100 protein-positive. Conversely, widespread positivity for keratins more probably suggests 

metastatic carcinoma or mesothelioma. However, isolated or scattered keratin-positive cells 

occur relatively frequently in undifferentiated sarcomas and myxofibrosarcomas.

SYNOVIAL SARCOMA

Synovial sarcoma is a morphologically characteristic sarcoma of uncertain lineage. It 

typically contains epithelial and mesenchymal-like elements, including what appears 

morphologically to be epithelio–mesenchymal transition. The most common variant is the 

spindle cell monophasic variant, composed of relatively uniform spindle cells, often 

arranged in distinct fascicles, variably interspersed by collagenous matrix and calcification. 

A haemangiopericytoma-like vascular pattern is also often present and characteristic. The 

classic biphasic morphology with glands is detected in only 20–30% of cases.

The epithelial component of biphasic synovial sarcoma is typically positive for keratin 

cocktails and keratins 7, 8, 18 and 19, and also focally for keratin 20 and higher molecular 

weight keratins. EMA positivity is observed typically in a luminal or cytoplasmic pattern. In 

many cases, non-glandular components are also revealed as part of the epithelial component, 

based on strong keratin and EMA immunoreactivity.

Monophasic spindle cell synovial sarcoma also contains small numbers of scattered or 

clustered keratin (K7, K8, K18, K19)-positive cells. EMA positivity is often seen in greater 

cell numbers than keratins. In order not to overdiagnose synovial sarcoma 

immunohistochemically, one has to carefully exclude keratin-positive normal cell elements 

such as endothelial cells.

Poorly differentiated synovial sarcoma, which can be histologically high-grade 

fibrosarcoma-like or have a round cell pattern resembling Ewing sarcoma and other round 

cell tumours, can be difficult to diagnose immunohistochemically as it may contain few or 

no keratin and EMA-positive cells. The diagnosis as synovial sarcoma rests on 

demonstration of better-differentiated areas by additional sampling, or by molecular genetic 

studies to document synovial sarcoma gene fusion.

Miettinen Page 12

Histopathology. Author manuscript; available in PMC 2020 November 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In addition to positivity for epithelial markers, the absence of other markers could also be 

useful in synovial sarcoma. These tumours are almost never positive for CD34, helping to 

differentiate them from other tumours with a haemangiopericytomatous pattern, such as 

solitary fibrous tumour.83

An alternative marker for synovial sarcoma is TLE1 protein. However, it is not specific for 

synovial sarcoma, but occurs in solitary fibrous tumour and MPNST and even in 

mesothelioma, limiting its diagnostic value.84–86

Technical considerations

Technical optimization of immunohistochemistry is now performed predominantly using 

various automated systems, which allows for greater reproducibility. A key part of the 

optimization is epitope (antigen) retrieval. This is based predominantly on heat-induced 

retrieval using generic or proprietary, platform-based buffers. Some automated systems 

contain integrated epitope retrieval, whereas in others epitope retrieval is performed 

manually. Enzyme digestion is an alternative epitope retrieval method now used for a 

minority of antigens.

We generally favour heat-induced retrieval because the performance characteristics are 

independent of fixation time. In contrast, optimization of enzyme digestion can be dependent 

upon fixation time, which makes optimization more difficult. Thus, tissues that have 

undergone very short fixation tend to be overdigested, and those fixed for an excessive time 

underdigested. Both events can hamper optimal antigen detection, and the former may be 

deleterious for tissue integrity.

Markers not recommended in clinical practice are listed in Table 4. These markers either 

lack diagnostic specificity, or available reagents are unsatisfactory.

Conclusion

The application of a limited immunohistochemical panel containing six markers – CD34, 

desmin, EMA, keratin cocktail, S100 protein and SMA – can be very useful in the diagnosis 

of soft tissue tumours. However, this panel must be supplemented with well-selected 

additional markers. Furthermore, diagnosis of difficult tumours has to always begin with 

meticulous histological analysis, and immunohistochemistry should be used as an adjunct 

tool in the context of morphology.
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Figure 1. 
This spindle cell sarcoma with a fibrosarcoma-like appearance does not give any hint for 

rhabdomyosarcomatous differentiation. However, desmin positivity should lead to further 

studies for MyoD1 (or myogenin) to explore the possibility of spindle cell 

rhabdomyosarcoma – indeed, this diagnosis was confirmed here based on strong nuclear 

MyoD1-positivity.
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Figure 2. 
Immunohistochemical documentation of two perineuriomas. Both cases demonstrate EMA-

positivity in the lamellar spindle cells.
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Figure 3. 
Immunohistochemical findings in myxofibrosarcoma (upper row) and acral 

myxoinflammatory fibrosarcoma (lower row). Both tumours are focally positive with keratin 

cocktail AE1/AE3.
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Figure 4. 
Examples of different patterns of KIT-positivity in gastrointestinal stromal tumours. 

Reproduced from Miettinen.40
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Figure 5. 
This epithelioid tumour with somewhat organoid growth pattern and involving urinary 

bladder has a histological resemblance either with urothelial carcinoma or paraganglioma. 

Immunohistochemical studies show positivity for two endothelial markers and establish the 

diagnosis of epithelioid haemangioendothelioma.
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Figure 6. 
Intraneural neurofibroma with focal nuclear atypia, containing an S100 protein-positive 

Schwann cell component and CD34-positive fibroblasts.
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Figure 7. 
This tumour also contains S100- and CD34-positive cells, but the histological appearance, 

with fat cell content, and the dominance of the CD34-positive cell population over the S100 

protein-positive component, supports the diagnosis of spindle cell lipoma.
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