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Editorial  

 

 

This is the next book in the scientific book series entitled "Advances in biomedical 

research". This book series is the result of the meetings and work of scientists from 

various universities and institutes in Poland. In this monograph we present the topics in 

Biomedical Research from 2021. All presented articles have passed the peer-review 

process positively. The articles come from various fields of biomedicine from Cell-in-

Cell phenomena throughout cancer research to skin disorders. Wishing you enjoyable 

and productive reading.  

 

 

Editors, 

Ğukasz Biağy MD, PhD  

Izabela Mğynarczuk-Biağy MD, PhD 
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ABSTRACT 

Emperipolesis is a biological phenomenon of rare origin and is characterized by a process in which a cell 

penetrates another living cell. In contrary to phagocytosis where the engulfed cell is killed or neutralized by 

lysosomal enzymes of the macrophage, in emperipolesis, the cell exists as a viable cell within another. 

Moreover, this cell can exit at any time without any structural or functional abnormalities for either of 

them. The process of emperipolesis is seen in many physiologic and pathophysiologic conditions. In this 

article we focus on the occurrence, pathogenesis and appearance of emperipolesis in the neuroendocrine 

tumors of the thymus. Moreover, we highlight the possible diagnostic and future therapeutic strategies in 

the treatment of thymic tumors. 

INTRODUCTION  

Neuroendocrine tumors of the thymus are classified according to World Health Organi-

zation (WHO) guidelines. Primary neuroendocrine tumors of the thymus (NETTs) are 

very uncommon and represent less than 5% of mediastinal and thymic neoplasms. 

They account for only 0,4% of all neuroendocrine tumors (Dinter, 2019). NETTs are 

classified according to WHO criteria into low-grade typical carcinoids, intermediate-

grade atypical carcinoids (ACs), and two high-grade malignancies, large cell neuro-

endocrine carcinoma (LCNEC) and small cell carcinoma (SCC) (Dinter, 2019). To 

categorize tumors, morphology evaluation should be performed, with the assessment of 

parameters such as organoid nesting, rosette formation, peripheral palisading of tumor 

nests, and trabeculae (Dinter, 2019). This classification was made by determining the 

mitotic activity, cellular atypia and areas of necrosis (Moran, 2000). To classify a tumor 

as a typical carcinoid, it is identified to have no necrosis and a size of 0,5 cm or greater, 

AC is reported to have 2 to 10 mitoses per 2 mm with or without necrosis, whereas 

LCNEC and SCC have number of mitoses greater than 10 per 2 mm (Moran, 2000). 

According to this classification, AC and LCNEC are the most common subtypes in the 

thymus (Dinter, 2019). 

The 3
rd
 and 4

th
 edition of the WHO Classification of thoracic tumors are considered to 

be most important. In accordance with the 2004 classification, WHO distinguishes A, 

AB, B1, B2 and B3 types of thymomas and thymic carcinomas and other seldom ones. 

(Marx, 2014; Petrini, 2014). The fourth edition is expanded to include an interdiscipli-

nary perspective and improves histological and immunohistochemical diagnostic 

criteria in order to increase the diagnostic repeatability.  

The nomenclature of the major thymoma types was retained in the 4
th
 edition, as well 

as Masaoka-Koga system for the staging of thymomas (Marx, 2015). However, the 

term "combined NETTs" is no longer used, excluding type AB thymoma. Instead, 

there is a requirement to include all histologically diagnosed thymoma types, starting 

with the most important ones and quantified in 10% increments (Marx, 2015). 
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Primary neuroendocrine tumors of the thymus (NETTs), which include thymic neuro-

endocrine tumors, thymoma (TM) and thymic carcinoma (TC) are always considered 

to be malignant, and it is unrelated to subtype or histology of the tumor (Jeong, 2020; 

Marx, 2015).  

In the past there was a problem with distinguishing between some thymoma subtypes 

and thymic carcinomas, because of morphological overlapping (Marx, 2014). Diffe-

rences between thymomas and thymic carcinomas have been diagnosed by epigenetic 

and genetic methods and transcriptomic analyses, which showed different methylation 

patterns, expression profiles of antiapoptotic genes and specific mutations of epigenetic 

regulatory genes (Marx, 2015). Thus, interobserver reproducibility has been improved. 

Also point mutation in the GTF2I (general transcription factor 2-I) oncogene in all 

major thymoma subtypes and thymic carcinomas was observed, which indicates the 

common origin of the NETTs (Petrini, 2014).  

The possible role of emperipolesis in neuroendocrine tumors of the thymus requires 

further clarification. In this review we discuss the previous findings in this area of 

expertise and the significance of this rare process, not much reported in the literature. 

SEARCH STRATEGY AND SELECTION CRITERIA  

The authors reviewed data published in 3 languages: English, German, and Polish 

between 1989 and 2020. Data were collected using keywords such as emperipolesis, 

entosis, and neuroendocrine tumors of the thymus. The following scientific databases 

such as PubMed, Google Scholar, Borgis, MEDLINE, and Cochrane Library were 

used to search for articles. The selected articles focused on determining the importance 

of emperipolesis in the pathogenesis, diagnosis and treatment of thymic neuroendo-

crine tumors. The number of articles selected was 54. In addition, this work was enriched 

with 7 manually selected materials that were related to the discussed topic. The 

strategy was aimed at presenting yet not entirely understood aspects of emperipolesis 

in the context of neuroendocrine tumors of the thymus as well as emperipolesis itself 

from various perspectives. 

WHAT IS THE EMPERIPOL ESIS? 

Emperipolesis is characterized by the presence and movement of one cell within the 

cytoplasm of another. Emperipolesis is strictly related to cell-in-cell phenomenon, 

which can be associated with the prognosis of cancers (Wang, 2019). Histopathological 

screening shows an absorbed cell in a membrane-bound vacuole in the host cell. On 

occasion absorbed cells may continue to live for a short period of time after absorption. 

It is possible for an internalized cell to escape from the host cell, and it can survive 

after this process (Gupta, 2017). 

The term "emperipolesis" originates from the Greek (em-inside; peri-around;  

polemai-wander about) and it was first reported and defined in 1950 as the active 

penetration of one cell by another (Humble, 1956). Wang and Li (2019) had discovered 

that emperipolesis can mediate natural killer cell-mediated tumor cell death, but 

requires membrane fluidity of the target cell, so that the interaction with natural killer 

cells could occur. The host tumor cell disintegration is preceded by lysosome-mediated 
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degradation pathway after the emperipolesis (Xia, 2008). According to Overholtzerôs 

report, natural killer cells sometimes can undergo mitosis inside the host tumor cell 

after emperipolesis and that indicates the further fate of heterogeneous cells in killer 

cell-tumor cell emperipolesis (Overholtzer, 2007). 

Rosai-Dorfman disease (RDD) is a pathological condition in which emperipolesis 

occurs. It was first observed by Juan Rosai and Ronald Dorfman in 1969, and has been 

diagnosed by cervical lymphadenopathy, lymph node sinuses and emperipolesis that 

occurred within histiocytes (Rosai, 1969). In RDD a dense histiocytic infiltrate with 

emperipolesis is present. The infiltrate contains associated lymphocytes, plasma cells, 

and neutrophils (Cangelosi, 2011). However, emperipolesis is a diagnostic feature only 

when S100 protein is expressed in histiocytes (Juskevicius, 2001). Yet, due to variable 

morphology characteristics in xanthogranulomatous diseases, emperipolesis is the most 

important histologic feature in distinguishing it from RDD disease (Cangelosi, 2011). 

CHARACTERISTICS OF TH YMIC NEUROENDOCRINE TUMORS 

Primary neuroendocrine tumors of the thymus (NETTs) belong to the group of tumors 

with high aggressiveness (the ability to form metastases in more than 80% of patients) 

and a relatively low incidence (Chaer, 2002; Filosso, 2017). NETTs account for only 

about 0,4% of all carcinoids and less than 5% of all the anterior mediastinal neoplasms 

(Yao, 2007; Filosso, 2017). Primary neuroendocrine tumors of the thymus are found 

predominantly in males, with a male to female ratio of 3:1 (Moran, 2000). They are 

most common in white males and are typically seen in the fourth or fifth decades of 

life, with an average age of onset of 58 years (Gaur, 2010). NETTs likely arise from 

Kulchitsky cells and localize primarily to the anterior mediastinum (Berman, 2020). 

According to the WHO (2015), primary thymus neuroendocrine tumors are classified 

into two main histopathological types: well-differentiated (typical and atypical 

carcinoids) and poorly differentiated (small cell and large-cell neuroendocrine crayfish) 

(Travi, 2015). 

Clinically, NETTs may manifest as follows: 1. asymptomatic, coincidentally detected 

on chest radiography for other reasons; 2. with symptoms due to displacement/com-

pression/invasion of mediastinal structures; 3. associated with endocrinopathies; or 

4. with symptoms due to distant metastases, most commonly to the liver, brain, lung, or 

bone. 

Primary neuroendocrine tumors of the thymus give many non-specific symptoms 

including chest pain, cough, dyspnea, superior vena cava syndrome, lingual nerve palsy, 

and diaphragmatic elevation due to damage to the phrenic nerve (Berman, 2020). In 

addition, half of the patients had lymph node involvement, but with no proven effect on 

reducing treatment efficacy (Filosso, 2017).  

Approximately 50% of thymic neuroendocrine tumors are functionally active and have 

the ability to secrete hormones. Ectopic secretion of ACTH and serotonin can lead to 

paraneoplastic Cushing's syndrome and carcinoma, respectively. Less commonly, 

excessive secretion of somatoliberin (GHRH, growth hormone-releasing hormone) or 

growth hormone (GH) has been described, which can cause acromegaly (Melmed, 
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2009). People with hypertension, heart failure, diabetes, and arthropathies are primarily 

at risk of developing this condition (Bolanowski, 2014).  

In addition, 25% of patients struggling with a thymic tumor have a coexistence of 

multiple endocrine neoplasia type 1 (MEN1) syndrome; one of the 8 contemporary 

multiple endocrine neoplasia syndromes (Gietka-Czernel, 2017). MEN1 is the leading 

cause of death among patients with thymic neuroendocrine tumors (Phan, 2010). 

Therefore, many authors recommend prophylactic thymic resection (parathyroidec-

tomy) in patients with MEN1, which reduces the risk of cancer during life (Teh, 1998; 

Trump, 1996)  

IMAGE OF EMPERIPOLESI S IN EPITHELIO -RETICULAR CELLS OF T HYMIC 

TUMORS 

Most thymic tumors have thymic epithelial cells that do not show cytological malig-

nancy. Moreover, these cells are mixed with lymphocytes in different proportions 

(Verley, 1985; Lewis 1987). It appears, that the phenomenon of lymphatic emperi-

polesis, in which the intact cell is present in the cytoplasm of the larger cell, may occur 

in epithelioreticular cells. This issue however warrants further scientific evaluation. 

The subject of the thymoma in the context of emperipolesis is likewise not much 

reported in the literature. 

In an ultrastructural study, Llombart-Bosch suggested that close contacts existed between 

the thymic lymphocytes and the epithelio-reticular cells. This appearance was suggestive 

of emperipolesis (Llombart-Bosch, 1975). In another research conducted by Izard, the 

cytoplasmic structures resembled the embryonic epithelio-reticular cells in the guinea 

pig thymus (Izard, 1966). Interestingly, Llombard-Bosch suggests that mitotic lympho-

cytes are found throughout the tumor near E-R cells (epithelio-reticular cells). Moreover, 

there is a morphological and lymphocytic death relationship, while the lymphocytes 

were in the cytoplasm of E-R cells. The onset of such necrosis is progressive nuclear 

pycnosis and secondary chromatolysis. By the time the cytoplasm was completely 

gone, the fatty degeneration and the mitochondrial vacuolization had started. The 

remaining monoliform reticular particles swallowed mesenchymal macrophages. Such 

cells were characterized by advanced degradation (Llombard-Bosch, 1975). Macro-

phages have the ability to phagocytose and to absorb what they phagocytize. They are 

classified as connective tissue and are associated with the body's defense mechanisms 

(Cichocki, 2002). In this case, the mesenchymal macrographs were randomized in the 

tumor stroma, but were more frequent near E-R cells. Moreover, phagocyte-ingested 

cell debris of lymphocytic origin were also present (Llombard-Bosch, 1975). 

There are only very few publications on emperipolesis in the context of the thymus 

gland, and even less in relation to E-R cells. It seems that the topic of emperipolesis 

requires further attention and research. Similar observations to the two cases cited 

above were noted in epithelion-reticular cell thymoma in carp. Lymphocytes were 

taken up by E-R cells. It therefore seems logical that there is some kind of cytoplasmic 

communication system between lymphocytes and E-R cells. Such a phenomenon can 

take place in the human thymus, as indicated by Golditeinand MacKay (1969) 

(Romano, 2004). 
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It is important to properly distinguish between thymoma and T lymphoblastic 

lymphoma using needle biopsy as this has serious consequences in further treatment. 

Among diagnostic criteria, a factor that favors thymoma is the demonstration of 

increased numbers of keratin-positive epithelial cells using immunohistochemical 

staining. Loss of keratin expression in neoplastic epithelial cells could lead to 

detrimental misdiagnoses (Adam, 2014). Notably, false-positive or otherwise negative 

results of various tests may be related to the physiology of the cell itself, which may 

lose or gain certain properties under the influence of given factors or for unexplained 

reasons. Here the loss of keratin expression is observed. The research revealed that 

thymic epithelial tumors showed highly reduced expression of at least one keratin 

(Adam, 2014). 

Moreover, emperipolesis in the form of thymocytes in the cytoplasm of epithelial cells 

was noticed in imprint cytology but was not noticed in a histological examination, 

which will be discussed in the next section (Nerurkar, 2000). 

According to the research, emperipolesis was also noticed in an 83-year-old patient 

who underwent Chamberlain anterior mediastinotomy. The presumptive diagnosis was 

a thymic tumor versus lymphoma. It was suggested to consider the test sample as an 

atypical thymoma. Another suitable alternative might be a thymic carcinoma (Mackay, 

1985). 

Considering the aforementioned results, the image of emperipolesis in the thymus is 

rarely observed, and if it is noticed, it arouses curiosity. This phenomenon warrants 

further evaluation. The research on animals (guinea pig and carp) is aimed at high-

lighting the importance of a holistic approach to the issue. Similar studies in animals 

can possibly be done faster, easier and in a larger population. Results may emerge 

sooner, and the similarities between the human thymus and animal glands, which already 

have been demonstrated,  

EMPERIPOLESIS AS A KE Y FEATURE IN IMPRINT  SMEARS OF THE THYMUS  

Among diagnostic imaging of the thymus, imprint cytology has not received much 

attention, because the organ is rarely sampled in routine surgical practice. 

It appears that emperipolesis may not be noticed on histology, but, surprisingly in 

imprint cytology. Based on the presented research, a fragment of the thymus was 

mistakenly sampled as a pre-tracheal lymph node in order to exclude metastasis. Inte-

restingly, the presence of thymocytes in the cytoplasm of thymic epithelial cells 

(emperipolesis) was the most significant feature in the imprints (Nerurkar, 2000). 

Imprint cytodiagnostic is useful, for example, in examining breast tumors. Contrary to 

histopathology, which is more time-consuming, imprint smear can take less than an 

hour. Moreover, imprint smear can do amastigotes that take a short course without the 

need for a pathologist (Sousa, 2014). In the study of Nerurkar, the emperipolesis was 

based on the ingress of thymocytes into the TNC. TNCs are thymic nurse cells, which 

are epithelial cells in the thymic cortex, nourish the thymus and can surround the 

thymocytes to form lymphoepithelial complexes. Importantly, the thymocytes in the 

cytoplasm in this case did not show signs of nuclear degeneration. So, for example, 

pyknosis did not occur (Nerurkar, 2000). Pyknosis is the process of a cell in apoptosis 
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or necrosis and consists of irreversible chromatin condensation (Kroemer, 2009). Addi-

tionally, immunohistochemistry with keratin, which confirmed that thymocytes are 

double by TNC. The method also showed that thymocytes are alive but not proliferating. 

Such emperipolesis took place not only in the cortex, but also in the corticomedullary 

junctions (Nerurkar, 2000). Other scientists studying immunohistochemical characte-

rization of nurse cells in normal human thymus had similar observations. Moreover, 

this study showed that internalized thymocytes retain their proliferative potential 

(Dispasquale, 1991). Imprint smear is a quick diagnostic method, e.g. for tumors, but 

the disadvantage is that it does not allow reliable results in the context of tumor 

infiltration (Mehar, 2014). 

Among the available imaging techniques, observations with an electron microscope 

and phase contrast microscope are indispensable for distinguishing emperipolesis from 

phagocytosis (Shamoto, 1980). This can be more difficult to observe under a light 

microscope (Mackay, 1985). 

Indisputably, a wide range of diagnostic methods is needed to fully diagnose and 

investigate a given tumor. Paradoxically, it appears that imprint cytology, being less 

advanced technique than fine needle aspiration (FNA) cytology or histology, enables 

demonstration of such rare phenomenon as emperipolesis. More studies are necessary 

for these findings to be placed in a proper perspective. 

COMPARISON OF EMPERIP OLESIS AND ENTOSIS 

Emperipolesis and entosis are very similar processes but differ in the pattern of action 

and the mechanisms involved. In the case of entosis, the predominant fate of interna-

lized cells is lysosome-mediated degradation and non-apoptotic cell death (Peng Xia, 

2008). Emperipolesis, on the other hand, is the process of entry and temporary 'storage' 

of one cell in the cytoplasm of another cell, but one that is histogenetically foreign. In 

emperipolesis, a cell exists as an intact living cell in the cytoplasm of another and can 

exit at any time without any structural or physiological abnormality for either (Amita 

K, 2011). Emperipolesis is thought to improve cell survival and help prevent cell 

apoptosis in the host cell. The engulfed cell can be destroyed and depending on its 

mode of death, there are different terms to describe this procedure. For example, non-

apoptotic death can occur as a result of so-called "suicidal emperipolesis" (Benseler et 

al., 2011). Emperitosis (a combination of emperipolesis and apoptosis) can also occur. 

The host cell can also be destroyed; killing of lymphocyte-containing tumor cells has 

been observed (Wang et al., 2013). 

Both emperipolesis and entosis require extracellular free calcium and adhesion molecules 

and an actin-based cytoskeleton (Peng Xia, 2008). To systematically define emperipo-

lesis and entosis it is necessary to identify the key intercellular junction molecules 

involved in these processes. 

Entosis ï from the Greek "entos" ï "within", involves the absorption of one cell by the 

vacuolar system of a neighboring cell of the same type, from the same population, due 

to the loss of linkages between the cell and the extracellular matrix. Non-apoptotic 

death of such a cell may then occur, in the absence of caspase-3, requiring autophagy 

by lysosomal enzymes, or it may divide and leave the parent cell by a transcytosis-like 
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movement. It is suggested that entotic cell death should be defined as a new type IV 

cell death.  

Entosis can occur under physiological as well as pathological conditions. As a result of 

entosis of tumor cells, the tumor cell may undergo: 

¶ incomplete heterophagocytosis with removal of the remaining cancer cell outside 

the phagocyte or complete heterophagocytosis; 

¶ pseudo-cannibalism ï no change in the tumor cell; 

¶ disintegration into glandular bodies, which remain in the cytoplasm of the cell; 

¶ malignant transformation, i.e. benign tumor cell becoming malignant; 

¶ progression of the malignant tumor cell; 

¶ suppression of the tumor process by repeated uptake of the malignant tumor cells. 

PATHOGENESIS OF ENTOSIS 

Entosis is caused by cell detachment from the extracellular matrix and also enhanced 

by an imbalance in actomyosin contraction between neighboring cells. Entosis is 

mediated by E-cadherins and P-cadherins increasing cell adhesion in the absence of 

integrin signaling. The process also requires Rho GTPase, Rho kinase ROCK and 

myosin-based contractile force. 

Moreover, entosis is favored by the presence of the Kras oncogene and the expression 

of epithelial cadherins E and P. Oncogenic transformation and mechanical defor-

mability of the cell promotes the ability to engulf other cells, which usually leads to 

non-apoptotic death of such cells, but may also increase the metastatic potential of the 

tumor and induce changes in cell ploidy, leading to the formation of binucleated cells 

in culture (Gupta N., 2017). 

Recent studies have shown that entosis can occur even when cells are attached to the 

matrix. It is presumed that mitosis is then the inducer of entosis. Also, it is thought that 

the lack of glucose in the growth medium may induce it by increasing the activity of 

AMP protein kinase (AMPK) (Xinlong Wang, 2019). 

PATHO GENESIS OF EMPERIPOLESIS 

Emperipolesis can be physiological, pathological or a pathognomonic feature of certain 

diseases. It is thought to be a form of temporary cell protection against carcinogens and 

chemotherapeutics, as this process is often seen in some mesenchymal tumors (multiple 

myeloma, acute and chronic leukaemia, myeloproliferation) and also during the use of 

cytostatic drugs. In pathological states it also occurs in Rosai Dorfman disease, which 

is a histiocytic proliferative disorder in which emperipolesis can be observed in lymph 

nodes with inflammatory infiltration and in cerebrospinal fluid. Emperipoietic erythro-

blast activity in the liver has been found to increase during periods of high hepatic 

erythropoietic activity and relatively anemic fetal state.  

Physiological findings include emperipolesis of erythroblasts by megakaryocytes in the 

fetal liver, emperipolesis of lymphocytes by human glial cells in the brain. 
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Free calcium molecules and adhesion molecules are important in emperipolesis, as well 

as the actin- and ezrin-based cytoskeleton (Xia et al., 2008). Emperipolesis has been 

shown to decrease by inhibiting actin polymerisation (Takeuchi et al., 2010). Abnormal 

P-selectin located in the demarcation membrane system of neutrophils and megaka-

ryocytes has been proposed as a cause of emperipolesis in marrow fibrosis (Centurione 

et al., 2004). It is thought that also a lymphocyte function-related antigen-1 (LFA-1 or 

CD11a/CD18) that can mediate intercellular interactions between leukocytes and non-

blood cells together with its ligand, intercellular adhesion molecules 1 (ICAM- 

1/CD54), may be associated with emperipolesis (Reina and Espel, 2017). 

Emperipolesis and entosis are two different phenomena. The process of emperipolesis 

occurs with the involvement of Ezrin, LFA-1 and ICAM-1. The engulfed cell can 

escape from the host or be killed. The host cell can be destroyed by the engulfed cell. 

In contrast, entosis is homotypic, in which E-cadherins and P-cadherins, the Rho-

ROCK-actin/myosin pathway and actomyosin contraction imbalance play important 

roles. The absorbed cell may be killed or survive (Xinlong Wang, 2019). 

 

 

Figure 1. Emperipolesis and entosis ï modified based on Wang et al., 2019  
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DIAGNOSIS OF NEUROENDOCRINE TUMORS  

The standard procedure for the diagnosis of primary neuroendocrine tumors of the 

thymus is the combined use of anatomical and functional methods, since a single test 

technique has insufficient sensitivity and specificity (Ricke, 2000; Kaltsas, 2004). 

The most commonly used diagnostic techniques for NETTs include anatomical exami-

nations such as ultrasound, computed tomography (CT), magnetic resonance imaging 

(MRI) and endoscopic ultrasound (EUS) (Kaltsa, 2004). 

The image of NETTs in CT is non-specific and takes the form of a large, clearly 

delimited tumor mass with a heterogeneous signal intensity. CT allows the identifica-

tion of possible cystic lesions, necrosis, hemorrhage or hemorrhage within the tumor 

(Xiang, 2010). In an MRI scan, thymic tumors take the form of emerging tumor masses, 

which also show a heterogeneous signal intensity and allow the detection of cystic 

lesions. MRI scan is crucial in excluding possible tumor infestation into adjacent 

mediastinal structures (Berman, 2020; Xiang, 2010). 

In turn, functional techniques, scintigraphic studies are used, which are based on 

a specific connection of synthetic somatostatin analogues labeled 111In or 99mTc with 

transmemphohelial receptor protein ï scintigraphy of somatostatin receptor (SRS) 

(Krenning, 1989). The somatostatin receptorsô presence in the neoplastic tissue justified 

the use of 111-Indium-diethylenetriamine pentaacetic acid-D-phenylalanine-octreotide 

(Octreoscan) scintigraphy, both in preoperative and in follow-up settings (Filosso, 2017). 

Good quality imaging studies are the fundamental elements in establishing the starting 

point of primary neuroendocrine tumors of the thymus in assessing their stage. This is 

essential in determining surgical management, tracking response to therapy and 

prognosis (Plºckinge, 2005). 

TREATMENT OF THE PRIM ARY NEUROENDOCRINE T UMORS OF THE THYMUS  

Primary neuroendocrine tumors of the thymus are rare yet very aggressive tumors, 

which grow relatively slowly. In almost 80% of the cases, they are malignant. NETTs 

very often infiltrate adjacent tissues. Local recurrence may occur many years later. 

They are more frequently diagnosed in men in the fourth and fifth decade of life. Nearly 

half of the cases are associated with endocrinology, such as Cushing's syndrome or 

acromegaly (Pier Luigi Filosso, 2017). 

Completeness of resection is believed to be the strongest prognostic factor in the 

prognosis of this disease (Filosso, 2014). It has been found that patients in early stage 

of NETT survived longer and developed recurrences less frequently (Filosso, 2015). 

Furthermore, tumor size and metastatic development are also important in prognosis. 

According to previous studies, tumors with associated endocrinopathies also act more 

aggressively than tumors without them (Rabinowitcz, 2006). It was observed that 

patients with NETT and Cushing's syndrome or MEN-1 syndrome had a higher 

mortality rate than those without paraneoplastic syndromes (Wick, 1980). 

Patients with NETT should be routinely referred to experienced centers and multidisci-

plinary facilities. For NETT, surgery to reduce the tumor mass is recommended to 

alleviate clinical symptoms resulting from the secretory activity of the tumor. These 
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tumors respond poorly to radiotherapy. The treatment of choice is surgery because 

almost 80% of thymic NETT cases behave malignantly (Moran, 2000). Complete 

resection of the tumor along with the involved mediastinal structures should always be 

sought. The preferred approach for NETT resection is through a median sternotomy. 

For advanced tumors, anterior thoracotomy, lateral thoracotomy, posterior-lateral 

thoracotomy, alone or in combination with sternotomy (combined access) can be used, 

which provide good exposure of the entire mediastinum and pleural space (Huang, 

2008). Despite this, these tumors can often infiltrate adjacent structures and cause 

distant metastasis and recurrence, making their complete resection sometimes difficult 

and their prognosis poor (Pier Luigi Filosso, 2017). 

NETT recurrences can be local, occurring in the anterior mediastinum, regional, present 

within the chest, or distant, occurring outside the chest or in the case of intrapleural 

nodules. An aggressive surgical approach if complete resection of the recurrence is 

possible and postoperative RT is thought to be effective in recurrent NETTS and to 

increase survival. (Sakuragi, 2002). For advanced NETT, induction chemotherapy (or 

CT + RT) has been used to reduce tumor size, increasing the likelihood of R0 resection 

(radical resection), although studies do not clearly define the effect of such a process. 

(Pier Luigi Filosso, 2017). Postoperative radiotherapy (or CT + RT) is also used for 

incomplete resections. Based on the reported cases, the medium-term survival in patients 

with NETT was quite good, especially in the case of complete surgical resection. 

When surgical treatment is not possible, pharmacotherapy with somatostatin analogues, 

a hormone that inhibits secretory and cell proliferative processes, can be used. Somato-

statin analogues are very well tolerated and usually relieve discomfort resulting from 

the secretory function of tumors (Dasari, 2017; Halperin, 2017; Davar, 2017). 

A form of molecularly targeted therapy, peptide receptor radionuclide therapy (PRRT), 

appears to be very effective in the systemic treatment of metastatic thymic neuroendo-

crine tumors. PRRT is performed using a somatostatin analogue similar to octreotide, 

absorbed by the tumor, coupled to a radionuclide usually 177 lutetium and 90Itr 

emitting beta radiation that kills the tumor cells (Pier Luigi Filosso, 2017). 

In order to reduce the tumor mass of metastases, thermoablation techniques are used, 

i.e. destroying cells with high temperatures obtained by laser or radiofrequency. In some 

patients with NET tumors, characterized by a high capacity for rapid cell division, 

classical chemotherapy is also used (Dasari, 2017; Halperin, 2017; Davar, 2017). 

In MEN1 patients in whom NETT is a major cause of death, several prophylactic 

thymic resections at the time of parathyroidectomy using the same surgical access are 

suggested to reduce the risk of NETT (Teh,1998) (Trump, 1996). 

As there is a high risk of recurrence or development of distant metastases in patients 

with NETT, close and lifelong follow-up of the patient is required. It is suggested to 

perform a chest CT every 6 months for the first 3 years (Pier Luigi Filosso, 2017). 
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THE IMPORTANCE OF EMP ERIPOLESIS IN THE CO NTEXT OF DEVELOPING 

FUTURE DIAGNOSTIC AN D TREATMENT METHODS   

In terms of diagnostics, it seems appropriate to conduct extensive research on a large 

population of neoplastic cells of neuroendocrine origin in terms of the occurrence of 

the phenomenon of emperipolesis. Based on the various studies and descriptions of 

clinical cases cited earlier, we conclude that there is a likelihood of a significant 

correlation between the number of cells in emperipolesis and a specific type of cancer. 

Furthermore, it is noteworthy that the proportions between different types of cells can 

serve as an indicator of a given tumor development and progression. It may be impor-

tant to observe cells in the state of emperipolesis in a microscopic image and find the 

relationship between the occurrence of a specific image of cells and frequent detection 

of a specific tumor. 

The use of lymphocytes in targeted therapy is very promising (Goswami, 2019).  

T lymphocytes tend to bind to antigens of cancer cells, which may be crucial for 

introducing therapeutic substances into cancerous cells, not into healthy ones. Targeted 

therapy can then only cover diseased cells, leaving healthy cells intact.  

In biotechnology, great opportunities are attributed to the importance of liposomes as 

potential carriers of anti-cancer drugs (Temidayo, 2018). If the process of emperipo-

lesis were to be explored even more and we would get an answer to the question of what 

induces emperipolesis, then one can try to construct a liposome that would resemble 

a lymphocyte externally, induce emperipolesis and thus deliver the drug to the inside of 

cancerous cells. Such a solution could be used locally or systemically if there is a risk 

of neoplastic metastases, since the outer surface of the liposome would have specific 

receptors targeting specific tumor epitopes distributed throughout the body.  

A slightly different method could be to modify T lymphocytes by introducing specific 

drugs inside them and then using it in molecularly targeted therapy. This would save 

time and the biotechnological construction of the receptors would not be necessary, as 

we would use the receptors already present on the T lymphocytes. 

Moreover, radioisotope therapy can be used in the treatment of neuroendocrine tumors 

of the thymus (Iskanderani, 2018). It is a molecularly targeted therapy in which a spe-

cially selected peptide, having the property of attaching to a cancer cell, is combined 

with a small amount of radioactive material to form together a drug (radiopharma-

ceutical) called a radiopeptide (KolasiŒska-Ĺwikğa, 2018). After the injection into the 

patient's bloodstream, radiopeptide travels with the blood, reaches the tumor and 

attaches to the cancer cells, providing them directly with a therapeutic dose of 

radioisotopic radiation. The tumor absorbs both the drug and the radionuclide, and the 

emitted beta radiation particles kill cancer cells. The most effective radionuclides 

currently used are 177Lutet and 90Yttr. 

SHORT CONCLUSION  

Emperipolesis is a rare biological phenomenon, in which a cell penetrates another 

living cell. Emperipolesis is often described in relation to the thymus gland, however 

the precise mechanisms underlying this process are still elusive. In this publication we 
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have reviewed previous findings and determined the importance of emperipolesis in 

tumors formation and progression. 

Lymphatic emperipolesis may occur in thymic epithelia-reticular cells. It is crucial to 

clarify the relationship between the presence of a particular cell image during emperi-

polesis and the detection of a particular type of cancer. Among available diagnosing 

techniques, imprint smear is an effective and quick method for detecting emperipolesis. 

Thymic neuroendocrine tumors (NETTs) are rare tumors with high aggressiveness that 

present many non-specific symptoms. Diagnostic techniques that are most commonly 

used in neuroendocrine tumors assessment are ultrasound, computed tomography (CT), 

magnetic resonance imaging (MRI) and endoscopic ultrasound (EUS). The treatment 

of choice is surgery. The completeness of resection is the strongest prognostic factor, 

nevertheless PRRT appears to be very effective during therapy. Targeted therapy can 

cover only diseased cells, leaving healthy cells intact. The use of modified T lympho-

cytes in targeted therapy by introducing specific drugs inside them is an emerging and 

very promising method in treating cancer.  

There is still a lot to uncover regarding emperipolesis, especially in terms of using this 

phenomenon in the therapy and treatment of cancer. An interesting approach would be 

to construct the liposome that delivers the drug to the inside of cancerous cells. The 

combination of the well-known treatment methods with not yet fully understood em-

peripolesis, may open up new possibilities especially in the treatment of neuroendo-

crine tumors of thymus. 
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ABSTRACT 

Diagnostically difficult cases of neuroendocrine neoplasms require the use of markers of neuroendocrine 

differentiation. However, even the use of traditional neuroendocrine markers such as synaptophysin, 

chromogranin, and CD56 yields negative results in 10% to 25% of high-grade neuroendocrine tumors. 

Insulinoma-associated protein 1 (INSM1) is a novel nuclear marker of neuroendocrine differentiation. In 

terms of structure, INSM1 is a zinc-finger transcription factor. INSM1 (formerly IA-1) contains five zinc-

finger motifs. INSM1 expresses transiently in embryonic neuroendocrine tissues. In adult tissues INSM1 

has been identified in multiple tumors of neuroendocrine or neuroepithelial origin. INSM1 is a strong 

nuclear marker of neuroendocrine differentiation with high sensitivity and specificity. The results of the 

research analysed in this paper indicate that INSM1 can be very useful in the diagnostics of neuroendocrine 

neoplasms of the lung, gastrointestinal tract, pancreas, head and neck, uterine cervix, and Merkel cell 

carcinoma. In order to be included in the review, articles from PubMed (NCBI), Google Scholar, Web of 

Science and Scopus archive had to fit the following criteria: 

¶ they had to be original articles, case studies and reviews connected with the following key words: 

neuroendocrine neoplasms, well-differentiated neuroendocrine tumors, poorly-differentiated neuro-

endocrine carcinomas, INSM1, traditional markers such as chromogranin, synaptophysin and CD56; 

¶ they had to be written in English; 

¶ they had to be published between 1992 and 2020, as the first article about insulinoma-associated 

protein 1 was written by Goto et al. in 1992. 

INTRODUCTION  

The term neuroendocrine system was introduced in the second half of the 20
th
 century. 

The neuroendocrine system covers interactions between the nervous system and 

a variety of endocrine glands such as: the pituitary gland, the thyroid gland, the para-

thyroid gland, the adrenal gland, the ovaries and testes, the endocrine pancreas, the pineal 

gland, the gastrointestinal endocrine system, and the respiratory endocrine system. The 

endocrine/neuroendocrine cells found in these organs and systems synthesize and 

secrete a number of hormones that have key influence on the metabolism of the body 

through the interaction of these hormones with target tissues in response to stress and 

injury. These hormones are also involved in the control of a number of life processes 

such as growth, development, absorption of nutrients, energy, metabolism, water and 

electrolyte balance, reproduction, birth, and lactation. The endocrine/neuroendocrine 

cells appear in the early stages of development and are characterized by a unique 
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pathway of differentiation. According to Lan et al., abnormal differentiation and/or 

deregulation of these endocrine/neuroendocrine cells appearing in the pituitary gland, 

the thyroid gland, the parathyroid gland, the adrenal gland, the ovaries and testes, the 

endocrine pancreas, the pineal gland, the gastrointestinal endocrine system, and the 

respiratory endocrine system may lead to the development of neuroendocrine tumors 

that have a profound effect on the bodyǋs metabolism (Lan, 2009). However, the term 

neuroendocrine neoplasms (NENs) includes not only tumors developing in the above 

mentioned organs and systems. Neuroendocrine neoplasms occur throughout the body, 

in all body organs, including paraganglia and soft tissue (Choi, 2018; Delaloge, 2000; 

Egashira, 2018; Fujino, 2015; Ramalingam, 2016; Weed, 2003). This prompted the 

participants of the 2017 WHO conference to accept the term neuroendocrine neoplasms 

for approval in relation to the classification of the types of tumors mentioned above. 

According to Rindi et al. the term "neuroendocrine neoplasms" is the best at "encom-

passing all tumor classes with predominant neuroendocrine differentiation, including 

both well and poorly differentiated forms'' (Rindi, 2018). Moreover, the authors stated 

that the "key features defining these neoplasms at any specific anatomic site are, above 

all, multiple anatomic sources (neural structures, endocrine organs and/or neuroendo-

crine cells), morphology, and the expression of markers of neuroendocrine diffe-

rentiation (general and specific)". The expression of neuroendocrine markers may fun-

damentally differ in different anatomic sites, and at the same time, expression depends 

on the degree of differentiation. Therefore, different general neuroendocrine markers to 

define neuroendocrine differentiation are currently applicable in different organs and 

systems (e.g. only chromogranin and synaptophysin in the gastrointestinal system and 

pancreas, while chromogranins, synaptophysin, and CD56 in the lung) (Rindi, 2018). 

According to the latest WHO classification from 2017, neuroendocrine neoplasms 

include well-differentiated neuroendocrine tumors (NETs) designated carcinoid tumors 

in some systems, as well as poorly-differentiated neuroendocrine carcinomas (NECs), 

including two separate morphologic types defined as small cell neuroendocrine car-

cinoma and large cell neuroendocrine carcinoma (Kim, 2016, Lloyd, 2017, Rindi, 2018). 

The above classification was accepted and adopted by the American Joint Committee on 

Cancer (8
th
 edition) and the current College of American Pathologists guidelines 

(Amin, 2017; Burgart, 2020; Shi, 2017; Shi, 2020). Moreover, it was proposed that 

well-differentiated neuroendocrine tumors be classified in three tiers as G1, G2 or G3 

which reflects low-grade, intermediate-grade, and high-grade (Rindi, 2018). Unlike 

NETs, NECs are always high grade (G3). On the other hand, three grading parameters 

such as: mitotic count and/or Ki-67 cell labeling index, and/or the presence or absence 

of necrosis are prognostic (Rindi, 2018). For this reason, the above division of 

neuroendocrine neoplasms is based on genetic evidence at specific anatomic sites and 

differences in epidemiology, histology, clinical course and prognosis. NETs, belonging 

to the family of well-differentiated neoplasms, have potential to metastasize or invade 

the adjacent tissues depending on tumor site, type, and grade (Klimstra, 2010; Klºppel, 

2017). In turn, NECs are characterized by a high degree of malignancy, a very rapid 

and aggressive course and a poor prognosis. NENs are among a relatively rare group of 

tumors in the population, ranging from 2.5 to 5 cases per 100,000 people per year 

(Rodriguez, 2018; Rosenbaum, 2015). However, in recent years, a gradual increase in 



Insulinoma-associated protein 1 (INSM1) ï new nuclear marker of neuroendocrine differentiation with 

high sensitivity and specificity in immunohistochemical diagnostics of neuroendocrine neoplasms ï review 
 

27 

the incidence of neuroendocrine neoplasms has been observed both in the United States 

and in other countries (Dasari, 2015; Hallet, 2015; Hauso, 2008). The incidence of 

NENs has been increasing at all sites, stages and grades (Dasari, 2015), with the main 

sites of development in the human body affecting the gastrointestinal system and 

respiratory system (Oronsky, 2017). NENs occur in the population in all age groups, 

but the highest number of NENs is observed in patients aged 65 years and older 

(Dasari, 2015). 

According to the latest WHO classification from 2017, neuroendocrine neoplasms have 

epithelial or neuronal/neuroectodermal origin, and share major morphological and 

protein expression signatures depending on differentiation, despite their different locali-

zation in the body (Rindi, 2018). While NENs are characterized by a diverse spectrum 

of proteins, many of these proteins are identical to proteins present in normal cells, 

organs or systems with different anatomical localization. Different localization in the 

body and origin make that NENs a heterogenous group of tumors, yet they share some 

common features, including presence of neurosecretory granules and typically showing 

a characteristic histology and immunoprofile (Rindi, 2018). The characteristic markers 

of general neuroendocrine differentiation occurring in NENs include chromogranin A, 

chromogranin B, and synaptophysin, as well as site specific markers such as hormones 

and transcription factors (Inzani, 2017). The following immunohistochemical markers 

of neuroendocrine differentiation are traditionally used in immunohistochemical diagno-

stics: synaptophysin, chromogranins and CD56. These immunohistochemical markers 

are characterized by a relatively low sensitivity and specificity. Research results 

indicate that synaptophysin shows expression in only 41% to 75% of small cell lung 

carcinoma (SCLC) and from 58% to 85% of large cell lung carcinoma (LCNEC) cases, 

chromogranin shows expression in only 23% to 58% of SCLC and 42% to 69% of 

LCNEC and CD56 showed expression from 72% to 99% of SCLC and 72% to 94% of 

LCNEC (Hamanaka, 2014; Jiang, 1998; Kaufmann, 1997). Since none of the above 

immunohistochemical markers are sufficiently sensitive and specific, they must be 

used in immunological diagnostics as a group. This creates a situation where diagno-

stics is overly complicated and expensive. Therefore, the search for a single immuno-

histochemical marker with high specificity and sensitivity that could be used in the 

diagnostics of neuroendocrine neoplasms has been going on for many years. Insulinoma-

associated protein 1 (INSM1) may fulfill these expectations. 

NEW INSIGHT  

STRUCTURE AND FUNCTIO N OF INSULINOMA -ASSOCIATED PROTEIN 1 

Insulinoma-associated protein 1 is a zinc-finger transcription factor. At the same time, 

the protein structure of INSM1 is highly conserved among homologues of different 

species. INSM1 (formerly IA-1) contains five zinc-finger motifs. Based on the deduced 

protein sequence, INSM1 can be divided into two major domains. The amino-terminal 

domain (aa 1-250) contains a high percentage of proline, glycine, and alanine residues. 

Proline-rich (20-30%) sequences occur in many mammalian transcription factors and 

serve as protein-protein interacting domains that mediate both transcriptional activation 

and/or repression (De Caestecker, 2000; Zilfou, 2001). The dibasic amino acids are 

cleavage recognition sites for processing peptide hormone precursors such as insulin, 
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glucagon, somatostatin and pancreatic polypeptide. An Ŭ-amide group is common to 

many bioactive neuroendocrine peptides. The carboxyl-terminal sequence (aa-251-

510) contains five putative Cys2-His2-type zinc-finger motifs. These five zinc-finger 

motifs are symmetrically spaced at the carboxy terminus. Two tandem repeated zinc-

finger motifs from either end are spaced by 45/46 aa from the middle zinc finger (Lan, 

2009). The structural features of INSM1 indicates that INSM1 is a zinc-finger DNA-

binding protein. INSM1 functions as a transcriptional repressor that simultaneously 

regulates entry into the cell cycle and controls expression of a neuroendocrine pheno-

type (Lan, 2009). Moreover, INSM1 is directly responsible for the transcription of 

synaptophysin and chromogranin (Fujino, 2015). In contrast, INSM1 is regulated by 

neurogenin 3 (Mellitzer, 2006). 

INSM1 shows expression mainly in normal fetal neuroendocrine tissues and tumors of 

neuroendocrine origin regardless of age. In the fetal period, INSM1 is predominantly 

expressed in the nervous system in mammals, and plays an important role in early 

embryonic neurogenesis (Lan, 2009). Moreover, in the fetal period, INSM1 plays an 

important role in the development of normal neuroendocrine cells in various tissue 

throughout the body, mainly in the pancreas, digestive system and central nervous 

system (Gierl, 2006; Goto, 1992; Lan, 1993; Lan, 2009; Xie, 2002). It was found that 

INSM1 affects both terminal cellular differentiation and cellular proliferation in the 

pancreas (Gierl, 2006; Osipowich, 2014; Parent, 2008; Zhang, 2012; Zhu, 2002), entero-

endocrine cells (Gierl, 2006), the autonomic nervous system (Widner, 2008), the 

central nervous system (Farkas, 2008; Jacob, 2009), olfactory epithelium (Rosenbaum, 

2011), and the pituitary gland (Welcker, 2013). Moreover, INSM1 regulates downstream 

target genes and exhibits extranuclear activities associated with multiple signaling 

pathways, including Sonic Hedgehog, PI3K/AKT, MEK/ERK, ADK, p53, Wnt, histone 

acetylation, LSD1, cyclin D1, Asc1, and N-myc (Chen, 2018; Chen, 2019). However, 

a disadvantageous phenomenon is that INSM1 expression declines with age (Goto, 

1992). 

What is interesting, however, is that when it comes to tumors, the presence of INSM1 

can be found in a number of tumors with neuroendocrine differentiation, such as 

pheochromocytoma (Sandgren, 2010), medullary thyroid carcinoma, pituitary adenoma 

(Goto, 1992), hypothalamic hamartoma (Parent, 2008), retinoblastoma, small cell lung 

carcinoma (Amelung, 2010; Goto, 1992; Lan, 1993; Taniwaki, 2006), and medullo-

blastoma (Breslin, 2002; De Smaele, 2008; Gilbertson, 2004; Pomeroy, 2002). INSM1 

was found not only in human tumors but also in mice and rats (Farkas, 2008; Jacob, 

2009; Kawaguchi, 2008; Xie, 2002). Initially, it was thought that INSM1 did not appear 

in the normal tissue of adults (Breslin, 2003; Duggan, 2008; Gierl, 2006; Goto, 1992; 

Welcker, 2013; Widner, 2008; Zhu, 2002). However, further research has shown 

INSM1 expression in normal adult cells such as neuroendocrine cells present in the 

gastrointestinal tract, pancreatic tract, bronchopulmonary system, adrenal medullary 

tissues, and in occasional individual cells in non-neoplastic prostate glands (Ames, 

2018; Rosenbaum, 2015; Yoshida, 2018). 

INSM1 is encoded by the insulinoma associated-1 (IA-1) gene of cDNA. This gene 

was first identified by Goto et al. in 1992 in human pancreatic insulinoma tissues and 
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murine insulinoma cell lines, which influenced its name (insulinoma associated protein 1) 

(Goto, 1992). However, the localization of the INSM1 gene at the start arm of chro-

mosome 20 was revealed by Lan et al. two years later (Lan, 1994). Research conducted 

on human lung cancer cell lines has shown that INSM1 gene expression occurs in small 

cell lung carcinoma and carcinoid tumors, while expression of this gene does not occur 

in non-small cell lung carcinoma (Lan, 1993). Subsequent studies have shown that the 

expression of INSM1 gene is not limited to small cell lung carcinoma but also occurs 

elsewhere of the body, including neuroendocrine tumors of the gastrointestinal tract, 

cervical cancer, prostate cancer, pheochromocytoma, medullary thyroid carcinoma, 

insulinoma, or pituitary tumors (De Smaele, 2008; Gilbertson, 2004; Goto, 1992; 

Parent, 2008; Pomeroy, 2002; Sandgren, 2010; Xin, 2018). 

INSM1 AS IMMUNOHISTOCHEMIC AL AND MOLECULAR MAR KER 

INSM1 shows high expression in tumors of neuroendocrine origin, with INSM1 

expression significantly increased in neoplastic tissue compared to non-neoplastic 

tissue (Doxtader, 2018; Lan, 2009; Nakra, 2019; Rodriguez, 2018; Rosenbaum, 2015). 

Moreover, research conducted by many authors has confirmed that INSM1 is a strong 

nuclear, immunohistochemical marker of neuroendocrine differentiation in neoplastic 

human tissues (Gonz§lez, 2019; Rosenbaum, 2015; Roy, 2019; Staaf, 2020; Viswa-

nathan, 2019). For this reason, INSM1, the only available nuclear neuroendocrine 

marker, is increasingly used in immunohistochemistry diagnostics (Ames, 2018; Kuji, 

2017; Rooper, 2018; Rosenbaum, 2015; Xin, 2018). INSM1 in immunohistochemical 

staining gives a positive nuclear reaction, in contrast to synaptophysin and chromo-

granin, which show a granular cytoplasmic reaction. In turn, CD56 is both cytoplasmic 

or membrane positive. 

REVIEW AND DISCUSSION 

NEUROENDOCRINE NEOPLA SMS IN THE LUNG  

In one of the first large studies involving 111 primary thoracic neuroendocrine neoplasms 

(small cell carcinoma, large cell carcinoma, atypical carcinoid, typical carcinoid and 

mediastinal paraganglioma) and 156 non-neuroendocrine tumors (adenocarcinoma, and 

squamous cell carcinoma), the authors assessed immunohistochemistry sensitivity and 

specificity of INSM1 in surgical specimens and compared its performance to tradi-

tional neuroendocrine markers (synaptophysin, chromogranin and CD56) (Rooper, 

2017). For this purpose, they used material from the surgical pathology archives from 

1997-2017, but did not include thoracic mixed tumors in the study. In the presented 

study, the sensitivity of INSM1 for small cell lung carcinomas and large cell neuro-

endocrine carcinomas was significantly higher (94%, 91.3%) than the sensitivity of the 

panel of the three traditional neuroendocrine markers (74.4%, 78.3%). In addition, the 

authors found positive staining for INSM1 in all the atypical carcinoids, typical 

carcinoids and mediastinal paragangliomas. The sensitivity of INSM1 across all grades 

of thoracic neuroendocrine tumors was 96.4%, and significantly exceeded the sensitivity 

of the panel of traditional neuroendocrine markers (87.4%). However, in non-neuro-

endocrine tumors staining positive for INSM1, they observed only 3.3% of adenocar-

cinomas and 4.2% of squamous cell carcinomas. 
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In another large study, researchers examined a large series of whole-tissue sections of 

primary lung neoplasms (345), including 152 neuroendocrine tumors (64 small cell 

lung carcinomas, 24 large cell neuroendocrine carcinomas, 48 typical carcinoid tumors, 

16 atypical carcinoid tumors), and 163 non-neuroendocrine tumors (130 adenocarcino-

mas, 33 squamous cell carcinomas) for sensitivity and specificity of INSM1 (Mukho-

padhyay, 2019). The analyzed material also included mixed tumors. In this study, the 

sensitivity of INSM1 for neuroendocrine neoplasms as a group (95%) was similar to 

synaptophysin and CD56 (98%, 97%), but higher than chromogranin (84%). In contrast, 

the specificity of INSM1 and chromogranin (97%, 98%) was higher than the speci-

ficity of synaptophysin and CD56 (90%, 87%). The sensitivity of INSM1 in small cell 

carcinoma was similar to the sensitivity of synaptophysin and CD56 (98%, 100% and 

95%), but was higher than the sensitivity of chromogranin (83%). For large cell neuro-

endocrine carcinomas, similar sensitivity for CD56 and synaptophysin (92%, 88%) 

was observed, while the sensitivity of INSM1 and chromogranin was unquestionably 

less (75%, 46%). Except for one case of atypical carcinoid tumor, all carcinoid tumors 

were positive for INSM1, chromogranin, synaptophysin and CD56. 

A third study looked at surgically resected 54 primary lung neuroendocrine tumors 

(including 24 small cell lung carcinomas, 23 large cell lung carcinomas, 5 typical 

carcinoid tumors and 2 atypical carcinoid tumors) as well as 623 non-small cell lung 

carcinomas (Staaf, 2020). There were also mixed tumors in the material studied. Here, 

the authors determined the diagnostic value of INSM1 in comparison to the previously 

used traditional neuroendocrine markers (CD56, synaptophysin and chromogranin A). 

They observed positive INSM1 staining in 39 cases of 54 pulmonary neuroendocrine 

tumors (72%) and in 6 cases of 623 non-small cell lung carcinomas (1%). On the other 

hand, a positive CD56 staining for primary lung neuroendocrine tumors and non-small 

cell lung carcinomas were 47 of 54 (87%) and 14 of 626 (2%), for synaptophysin 46 of 

54 (85%) and 49 of 630 (8% ), and for chromogranin A 30 of 54 (56%) and 6 of 629 

(1%). 

Other authors tested for whether INSM1 could be used in cytology (Cellient) cell blocks 

and whether these results correlated with surgical pathology specimens (Doxtader, 

2018). The aim was to compare the sensitivity and specificity of INSM1 with the 

sensitivity and specificity of synaptophysin, chromogranin and CD56. The study was 

conducted on seventy-four primary lung neoplasms, including 52 primary lung 

neuroendocrine neoplasms (41 small cell lung carcinomas, 1 large cell neuroendocrine 

carcinoma, 10 carcinoid tumors) and 22 non-neuroendocrine primary lung tumors (11 

adenocarcinomas, 9 squamous cell carcinomas, 1 mesothelioma, and 1 poorly differen-

tiated non-small cell lung carcinoma). In 20 cases, INSM1 staining was performed 

simultaneously on paired surgical pathology specimens (biopsy or resection). The 

specimens tested positive for INSM1 in all 20 paired surgical pathology cases. However, 

in cytology cell blocks, positive INSM1 results were found in 48 of 52 cases of primary 

lung neuroendocrine neoplasms (92%), including 38 of 41 small cell lung carcinomas 

(93%), in one case large cell neuroendocrine carcinoma (100% ) and in 9 cases out of 

10 carcinoid tumors (90%). The specificity of INSM1 for primary pulmonary neuro-
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endocrine neoplasms as a group was identical to the specificity of chromogranin 

(100%), but was higher than the specificity of synaptophysin (95%) and CD56 (95%). 

In another study, the authors compared the diagnostic utility of INSM1, CD56, 

synaptophysin and chromogranin in the largest cohort (143) of pulmonary cytology 

cell blocks (11 typical carcinoid tumors, 11 atypical carcinoid tumors, 9 small cell lung 

carcinomas, 8 large cell neuroendocrine carcinomas, 9 squamous cell carcinomas and 

95 adenocarcinomas) and the largest available material (563) of surgical specimens 

including 17 typical carcinoid tumors, 14 atypical carcinoid tumors, 8 small cell lung 

carcinomas, 10 large cell neuroendocrine carcinomas, 58 squamous cell carcinomas, 415 

adenocarcinomas, 17 large cell carcinomas and 24 other tumor types (Viswanathan, 

2019). These authors obtained sensitivity and specificity for INSM1 of 92.3% and 

100% in the cytology cell blocks, while the sensitivity and specificity for INSM1 in the 

surgical specimens was lower (89.8%, 98.1%). The sensitivity and specificity for 

CD56 were 97.4% and 93.3% in the cytology cell blocks and 93.9% and 93.6% in the 

surgical specimens. The sensitivity and specificity for synaptophysin and chromogra-

nin were significantly lower in both the cytology cell blocks and the surgical specimens. 

In the next study, the authors performed manual immunohistochemistry on small 

biopsies of INSM1 and immunocytochemistry on direct smears of INSM1 on archival 

material from 60 patients diagnosed with small cell lung carcinoma in order to check 

the suitability of each of these methods in the diagnostics of this tumor (Nakra, 2019). 

Of these 60 patients, 37 were tested for INSM1 immunohistochemistry on small bio-

psies and 36 were tested for INSM1 immunocytochemistry on direct smears. The 

sensitivity for INSM1 immunohistochemistry (small biopsies) was 97% (36 of 37 

cases), while the sensitivity for INSM1 immunocytochemistry (direct smears) was 

lower, only 91% (30 of 33 cases). Moreover, INSM1 reactions were performed on 10 

cases of non-small cell lung carcinoma on spare direct smears and on small biopsies, 

obtaining 100% specificity (all cases were negative for INSM1). 

In yet another study, the authors performed immunohistochemistry staining for INSM1 

on cytology samples from 32 patients with neuroendocrine tumors of the lung (8) and 

tumors with neuroendocrine differentiation of lung origin (22 lymph node, 1 chest wall 

mass, 1 thyroid) (Rodriguez, 2018). All the neuroendocrine tumors used in the study 

were small cell carcinomas. The material taken was from multiple aspirations. INSM1 

was positively identified in 31 of 32 cases (97%). In the control group of non-neuro-

endocrine tumors all 13 cases were negative for INSM1. The sensitivity of CD56 in 

small cell carcinoma was 96%. 

NEUROENDOCRINE NEOPLA SMS IN THE GASTROINT ESTINAL TR ACT AND 

PANCREATICOBILIARY T RACT 

In a retrospective study covering the archive material from 2013-2015, the authors 

examined 30 patients with primary gastroenteropancreatic neuroendocrine neoplasms 

and their metastatic diseases in the liver in terms of INSM1 sensitivity assessment and 

compared it with the sensitivity of chromogranin-A and synaptophysin (Gonzalez, 

2019). Moreover, they assessed the changes in the expression of these markers in the 

material from primary and metastatic diseases. Most of the cases studied were small 
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intestine and neoplasms were present in ileum, duodenum, Meckelǋs diverticulum, 

pancreas, stomach, rectum and caecum. All studied cases of primary gastroenteropan-

creatic neuroendocrine neoplasms were reactive for INSM1 and synaptophysin 

(100%), while the sensitivity of chromogranin-A was weaker (97%). In the material 

from metastatic neoplasms, sensitivity of INSM1 was weaker (94%) than the sensi-

tivity of synaptophysin (100%) and chromogranin-A (97%). The specificity of INSM1 

(96%) was comparable to the specificity of chromogranin-A (97%), and higher than 

that of synaptophysin (54%). 

In turn, other authors compared the sensitivity and specificity of INSM1 with other 

neuroendocrine markers (synaptophysin, chromogranin and CD56) and the perfor-

mance of the antibody according to site and differentiation of the tumor (Rodriguez, 

2018). This study was performed using 134 specimens, including 91 neuroendocrine 

tumors with neuroendocrine features (taken from pancreas, liver, gastric and perigastric 

mass, abdomen, parotid gland, and other organs such as: lymph node, lung, soft tissue, 

vertebra, buttock, soft tissue of vagina, and pelvic wall). In this material, INSM1 

showed a sensitivity of 99% and a specificity of 97%, while CD56 had a sensitivity 

only slightly lower (95.5%), but the specificity was very low (69.2%). In contrast, 

chromogranin had the weakest sensitivity (82.5%), while synaptophysin had the 

weakest specificity (66.7%). In contrast, among 10 cases diagnosed as non-neoplastic 

lesions, only two cases (pancreatic neuroendocrine islet cells and benign adrenal cells) 

were positive for INSM1. 

In another study, the authors assessed the sensitivity and specificity of INSM1 in 

material covering 110 cases of primary neuroendocrine neoplasms of the gastrointesti-

nal tract, appendix, and pancreas (McHugh, 2020). At the same time, they performed 

a sensitivity and specificity check of synaptophysin, chromogranin, CD56 and Ki67. 

INSM1 was positive in 89 of 110 (80.9%) primary gastrointestinal, appendiceal and 

pancreatic neuroendocrine neoplasms, while synaptophysin was positive 99.1%, chro-

mogranin 88%, CD56 95.3%. In contrast, the specificity of INSM1 (95.7%) was higher 

than that of synaptophysin (86.0%), chromogranin (87.3%), and CD56 (86.0%). 

Other authors studied INSM1 in conjunction with chromogranin, synaptophysin, and 

CD56 in 36 appendiceal adenocarcinoma ex-goblet carcinoid (21 primaries, 15 meta-

stases) (Yang, 2019). In primary adenocarcinoma ex-goblet carcinoid, they obtained 

positive results for INSM1 62%, for chromogranin 86%, for synaptophysin 86% and 

for CD56 47%. In contrast, metastatic adenocarcinoma ex-goblet carcinoid showed 

staining for INSM1 53%, for chromogranin 73%, for synaptophysin 80% and for 

CD56 21%. 

NEUROENDOCRINE NEOPLA SMS OF PANCREAS 

In a retrospective study, the authors examined the usefulness of INSM1 for identifying 

pancreatic neuroendocrine tumors in 26 cell blocks and 29 surgical resections (Kim, 

2020). Additionally, they performed INSM1 staining in other primary pancreatic tumors 

such as solid pseudopapillary neoplasms (14 cases), 11 acinar cell carcinomas and 21 

pancreatic ductal adenocarcinomas. They obtained in all 55 cases of pancreatic neuro-

endocrine tumors a positive nuclear test for INSM1, both in cell blocks and surgical 
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resections (100% sensitivity), while sensitivity of synaptophysin was 97%, chromo-

granin 92%, and CD56 85%. 

In turn, other authors assessed the expression of INSM1 in 14 cytology specimens 

obtained from endoscopic ultrasound-guided fine needle aspiration cytology during 

diagnostics of pancreatic neuroendocrine tumors (Takase, 2018). These authors used 

cytological specimens from 15 cases diagnosed as pancreatic ductal adenocarcinoma as 

a control group. In all 14 pancreatic neuroendocrine tumor cases, INSM1 showed 

expression in the tumor cells (100% sensitivity). In the control group, these authors 

observed INSM1-expressing cells within the adenocarcinoma cell cluster, but found no 

expression of INSM1 in the pancreatic duct cells or acinar cells. 

The presented study was aimed at detected INSM1, chromogranin, synaptophysin and 

neural cell adhesion molecule immunohistochemically, in 25 cases of pure pancreatic 

neuroendocrine tumors and 2 mixed adenoneuroendocrine carcinomas (Tanigawa, 

2018). As a control group, they used 5 cases of solid-pseudopapillary neoplasm, 7 cases 

of acinar cell carcinoma, and 15 cases of pancreatic ductal adenocarcinoma. These 

authors found the nuclear expression of INSM1 in all pure pancreatic neuroendocrine 

tumors (100% sensitivity). In 2 cases of mixed tumor the neuroendocrine carcinoma 

component was positive for INSM1, while the adenocarcinoma component was 

negative for INSM1. All control cases were negative for INSM1, while they were 

positive for synaptophysin. 

NEUROENDOCRINE NEOPLASMS OF SKIN 

In one study, the authors assessed INSM1 staining on 56 cases of Merkel cell carci-

noma (47 primary tumors and 9 nodal metastases) (Lilo, 2018). All 56 cases of Merkel 

cell carcinoma showed expression of INSM1 (100% sensitivity). In contrast, synapto-

physin, cytokeratin and chromogranin in the same material had expressions of 96%, 

92% and 32%. In the control group (50 cases included various non-Merkel cell carci-

noma neoplasms), no positive staining for INSM1 was found in any case. 

In turn, other researchers developed their own dual immunohistochemistry protocol for 

INSM1/cytokeratin 20 to detect dual expression of keratin and INSM1 on 15 small 

samples taken from Merkel cell carcinoma (Rush, 2018). They detected INSM1 in 14 

of 15 specimens carrying a diagnosis of Merkel cell carcinoma (93% sensitivity). On 

the other hand, one specimen that was negative for INSM1 was also negative for 

cytokeratin and chromogranin, with only focal positivity for synaptophysin. Moreover, 

they checked the sensitivity of INSM1 in three other specimens of cutaneous neuro-

endocrine carcinoma (non-Merkel cell carcinoma) and obtained 100% sensitivity for 

INSM1. However, of the 8 cutaneous non-neuroendocrine neoplasms tested, only one 

tested positive for INSM1. 

NEUROENDOCRINE NEOPLA SMS OF THE HEAD AND NECK 

Researchers performed INSM1 immunohistochemistry on 97 neuroendocrine tumors 

and 626 non-neuroendocrine tumors across all histologic grades and anatomic subsites 

of the head and neck (Rooper, 2018). These authors obtained the sensitivity of INSM1 

99.0%, with a positive result for INSM1 they observed in all types of head and neck 
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neuroendocrine tumors (middle ear adenoma, pituitary adenoma, paraganglioma, 

medullary thyroid carcinoma, olfactory neuroblastoma, small cell carcinoma, large cell 

neuroendocrine carcinoma, and sinonasal teratocarcinosarcoma). These authors obtained 

97.6% specificity for INSM1 in almost all non-neuroendocrine tumors. 

NEUROENDOCRINE NEOPLA SMS OF THE UTERINE CERVIX  

In one study, the authors made an immunohistochemical assessment of conventional 

neuroendocrine markers (chromogranin, synaptophysin and neural cell adhesion 

molecule) and INSM1 by analyzing 37 cases of high-grade neuroendocrine carcinoma 

of the uterine cervix (Kuji, 2017). These authors obtained the highest sensitivity (95%) 

for INSM1, while sensitivity for both chromogranin and synaptophysin was 86% and 

for neural cell adhesion molecules only 68%. 

In turn, other authors, examining malignant tumors with neuroendocrine differentiation 

from the gynecologic organs, assessed the expression of INSM1, synaptophysin, chro-

mogranin, CD56, orthopedia homeobox and achaete-scute homolog 1 in 2 cases in the 

uterine cervix (Roy, 2019). They obtained 100% sensitivity for INSM1, 100% for 

synaptophysin, 100% for CD56, 50% each for chromogranin and achaete-scute 

homolog 1, and negative for orthopedia homeobox. 

NEUROENDOCRINE TUMORS OF THE PROSTATE 

In this study, the authors checked the expediency of the use of INSM1 in the diagnostics 

of neuroendocrine tumors of the prostate (Xin, 2018). They performed immunohisto-

chemical tests on 13 needle biopsies of primary small cell carcinoma of the prostate, 5 

samples of mixed small cell neuroendocrine carcinoma-acinar adenocarcinoma obtained 

from prostatectomy and 2 cases of metastatic small cell carcinoma. These authors 

obtained positive results for INSM1 in 12 cases of primary small cell carcinoma 

(92.3%), while the reactions for synaptophysin (84.6%) and chromogranin (53.8%) 

were weaker. In the remaining 5 cases of mixed tumors and 2 metastatic tumors 

sensitivity of INSM1 was 100%, similarly for synaptophysin, while the sensitivity of 

chromogranin (80%) was weaker. The test of the specificity of INSM1 was performed 

on the material including benign prostatic hyperplasia and prostate adenocarcinoma, in 

most cases they did not find nuclear reactivity for INSM1. 

In turn, Roy et al. assessed the usefulness of INSM1 in immunohistochemical 

diagnostics ï 32 cases included malignant tumors with neuroendocrine differentiation 

from the gynecologic organs, including prostate gland (n = 6) (Roy, 2019). Out of 4 

examined cases of prostate adenocarcinoma with neuroendocrine differentiation, they 

obtained a positive result for INSM1 in 25%. However, for synaptophysin and Cd56 

they obtained a positive result in 50%, and chromogranin was negative in all cases. 

OTHER RARE LOCALIZATI ON OF NEUROENDOCRINE TUMORS 

NEUROENDOCRINE NEOPLASMS OF THE URINARY BLADDER 

In the presented study, the authors assessed the immunohistochemical expression of 

INSM1 on 32 whole sections of small cell neuroendocrine carcinoma of the urinary 

bladder and compared INSM1 expression with synaptophysin, chromogranin and 
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CD56 (Kim Jr, 2020). In 28 cases these authors obtained a positive result for INSM1, 

in 24 cases for CD56, in 19 cases for synaptophysin, and in 14 cases for chromo-

granins. 

NEUROENDOCRINE NEOPLASMS OF THE BREAST 

In another study, the authors compared the expression of INSM1, orthopedia homeobox, 

chromogranin, synaptophysin, CD56 and achaete-scute homolog 1 in invasive 

mammary carcinoma (Roy, 2019). In the material studied, they found the strongest 

expression for achaete-scute homolog 1 and synaptophysin (85.7%) and weaker for 

INSM1, chromogranin, and CD56 (71.4%). In contrast, the expression of orthopedia 

homeobox was negative. 

PERIPHERAL NEUROBLASTIC TUMORS 

In another study, the authors assessed the immunohistochemical profile of INSM1 in 

cases of peripheral neuroblastic tumors and compared INSM1 expression in these 

tumors to that seen in other embryonal neoplasms (non-neuroblastic tumors) (Wang, 

2019). Nuclear expression of INSM1 was 78% in peripheral neuroblastic tumors, 

including in neuroblastomas 84%, in ganglioneuroblastomas 100%, and in ganglio-

neuromas 33%. In the non-neuroblastic tumors control group, these authors found 

INSM1 expression in rhabdomyosarcomas (50%), in nephroblastomas (32%), and in 

Ewing sarcomas (20%). 

PRIMARY CENTRAL NERVO US SYSTEM NEOPLASMS 

Other authors checked INSM1 expression in primary central nervous system neoplasms 

(Ames, 2018). They obtained nuclear immunostaining for INSM1 in medulloblastomas 

(87%), while diffuse nuclear INSM1 immunostaining was observed in all central 

neurocytomas and pituitary adenomas. However, they found rare staining with INSM1 

in other high-grade embryonal tumors and high-grade gliomas. These authors observed 

nuclear INSM1 staining in normal brain tissue only in early neuronal development, 

while they did not find nuclear INSM1 staining in adult normal brains, including areas 

of gliosis. 

In typical cases, when the diagnostics of neuroendocrine neoplasms is not difficult, it is 

based on standard histologic and cytologic stains and there is no need to perform 

immunohistochemical testing (Mukhopadhyay, 2019). In diagnostically difficult cases, 

when the clinical picture of the disease and the histologic features of the examined 

tumor are not typical and differ from the accepted norm, immunohistochemical 

reactions are performed, thanks to which it is possible to identify the neuroendocrine 

differentiation, enabling the classification of neuroendocrine tumors. Currently, three 

conventional markers of neuroendocrine differentiation (synaptophysin, chromogranin, 

and CD56) are used in the histopathological diagnostics of neuroendocrine neoplasms, 

but the test result does not always give an explicit answer to the type of tumor present. 

This is due to the fact that synaptophysin is sensitive, but not specific enough, 

chromogranin is highly specific, while its sensitivity is very weak, and CD56 is highly 

sensitive, but due to its limited specificity it may stain a variety of non-neuroendocrine 

tumors. Even the use of a combination of these markers on surgical specimens or 
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cytology specimens gives negative results in 10% to 25% of high-grade neuroendo-

crine tumors (Hamanaka, 2014, Maleki, 2012, Nicholson, 2002, Travis, 2015, Zheng, 

2013). There is therefore a need to find a new neuroendocrine marker that would 

demonstrate both high sensitivity and specificity. The use of INSM1 in histopatho-

logical diagnostics of neuroendocrine neoplasms, which is the only nuclear neuro-

endocrine marker with high sensitivity and specificity so far, gives hope for a more 

accurate diagnosis in diagnostically difficult cases. However, the results of studies on 

the usefulness of INSM1 in the diagnostics of neuroendocrine neoplasms are not 

conclusive. 

Neuroendocrine neoplasms are mainly located in the respiratory system and digestive 

system, with 25% of primary lung neoplasms being neuroendocrine tumors, 75% of 

which are mixed neuroendocrine tumors containing also a non-neuroendocrine com-

ponent (Gustafsson, 2008). These tumors are characterized by very high mortality 

(Friedberg, 1997, Travis, 1998). Investigating all primary lung neuroendocrine neo-

plasms on surgical specimens Rooper et al. and Mukhopadhyay et al. obtained high 

sensitivity of INSM1 (96.4% and 95%) (Mukhopadhyay, 2019, Rooper, 2017). Similar 

results were also obtained by Doxtader et al. and Viswanathan et al. comparing the 

sensitivity of INSM1 of primary lung neuroendocrine neoplasms in cytology cell 

blocks (92%), (92.3%) with surgical specimens (100%), (89.8%) (Doxtader, 2018, 

Viswanathan, 2019). In contrast, the study completed by Staaf et al. on surgical speci-

mens found much weaker sensitivity of INSM1 (72%), which may be due to the fact 

that they had a much smaller number of cases than the other authors (Doxtader, 2018, 

Mukhopadhyay, 2019, Rooper, 2017, Staaf, 2020, Viswanathan, 2019). In turn, Rooper 

et al. found a significantly higher sensitivity of INSM1 for neuroendocrine lung neo-

plasms as a group compared to each individual neuroendocrine marker (synapto-

physin, chromogranin and CD56) (Rooper, 2017). None of the other authors observed 

statistically significant differences when comparing the sensitivity of INSM1 with the 

sensitivity of individual neuroendocrine markers (Doxtader, 2018, Mukhopadhyay, 

2019, Staaf, 2020, Viswanathan, 2019). In their research, both on cytology specimens 

and surgical specimens, sensitivity of INSM1 for neuroendocrine lung neoplasms as 

a group was similar to synaptophysin and CD56, and statistically higher than chromo-

granin (Doxtader, 2018, Mukhopadhyay, 2019, Staaf, 2020. Viswanathan, 2019). 

Rooper et al. also found a significantly higher sensitivity of INSM1 compared to all 

three markers (synaptophysin, chromogranin and CD56) treated as a group (Rooper, 

2017), while in the study by Mukhopadhyay et al. and Kriegsmann et al. sensitivity of 

INSM1 (95%, 76%) was weaker than the sensitivity of the traditional three neuroendo-

crine markers treated as a group (100%, 97%) (Kriegsmann, 2020, Mukhopadhyay, 

2019). The observed differences may be due to the fact that the study by Rooper et al. 

excluded mixed neuroendocrine tumors from their material, while the other authors 

also examined mixed primary lung neoplasms with non-neuroendocrine component 

(Doxtader, 2018, Kriegsmann, 2020, Mukhopadhyay, 2019, Rooper, 2017, Staaf, 2020. 

Viswanathan, 2019). 

Results obtained by Mukhopadhyay et al. regarding sensitivity of INSM1 for small cell 

lung carcinoma (98%) are comparable to the data reported by Rooper et al. (94.9%), 
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Rosenbaum et al. (100%) and Fujino et al. in surgical specimens (100%), Doxtader et 

al. on cytology cell blocks (93%), Nakra et al. and Rodriguez et al. on small biopsies 

(97%) and on cytology specimens (91%) (Fujino, 2015; Mukhopadhyay, 2019; Nakra, 

2019; Rodriguez, 2018; Rooper, 2017; Rosenbaum, 2015). In material derived from 

carcinoid tumors Mukhopadhyay et al. observed a sensitivity of INSM1 of 98% 

(Mukhopadhyay, 2019). This result is similar to the result obtained by Fujino et al., 

Rooper et.al. and Rosenbaum et al. (100%) (Fujino, 2015; Rooper, 2017, Rosenbaum, 

2015). In contrast, the sensitivity of INSM1 in relation to large cell neuroendocrine 

carcinoma described by Mukhopadhyay et al. (75%) was significantly lower than the 

results obtained by Rooper et al. (91.3%) (Mukhopadhyay, 2019; Rooper, 2017). It is 

difficult to explain the reason for such a large disparity between the two studies, as 

both authors used the same clone (A8) from the same company (Santa Cruz). Perhaps 

the reason may be the slight difference in methodology. The dilution of INSM1 (1:250) 

used by Mukhopadhyay et al. was weaker than in the Rooper study (1:200). In Mukho-

padhyayôs study, the antibody was dispensed manually. Mukhopadhyay et al. used 

Ventana's Optiview detection kit with the optional amplifer, while Rooper et al. used 

Ventana's UltraView detection kit. 

Doxtader et al. observed that the specificity of INSM1 for pulmonary neuroendocrine 

neoplasms in cytology cell blocks was similar to the specificity of chromogranin 

(100%) and higher than the specificity of synaptophysin (95%) and CD56 (95%) 

(Doxtader, 2018). Similarly, Viswanathan et al. in cytology specimens found the same 

specificity for INSM1, synaptophysin and chromogranin (100%) and weaker speci-

ficity for CD56 (Viswanathan, 2019). In surgical specimens, Rooper et al. and Mukho-

padhyay et al. observed high values of the specificity of INSM1 (96.2%), (97%), 

synaptophysin (96.8%), (90%) chromogranin (99.4%), (98%), and CD56 (93.7%), 

(87%) (Mukhopadhyay, 2019; Rooper, 2017). On the other hand, the specificity of 

INSM1 (87%) for primary neuroendocrine neoplasms was significantly higher compared 

to the three traditional neuroendocrine markers as a group (61%) (Mukhopadhyay, 

2019). In addition, Rooper et al. found an upward trend in the specificity of INSM1 

compared to the traditional panel of neuroendocrine markers, but it was not a statisti-

cally significant difference (Rooper, 2017). 

The second most common site of neuroendocrine neoplasms is the digestive system, 

with primary neuroendocrine neoplasms having a different digestive tract localization 

that strongly influences the expression of INSM1. Gonzalez et al. found 100% 

sensitivity of INSM1 in primary gastroenteropancreatic neuroendocrine neoplasms and 

94% sensitivity of INSM1 in metastatic gastroenteropancreatic neuroendocrine 

neoplasms (Gonzalez, 2019). Similarly, Rodriguez et al. observed 99% sensitivity of 

INSM1 in neuroendocrine tumors with neuroendocrine features in the digestive tract 

(Rodriguez, 2018). On the other hand, Rosenbaum et al. found significantly higher 

expression of INSM1 of midgut gastrointestinal neuroendocrine neoplasms with 

known metastases compared to those that had not yet metastasized (Rosenbaum, 2015). 

In turn, McHugh et al. who included the material from the appendix in the primary 

gastroenteropancreatic neuroendocrine neoplasms, obtained much weaker sensitivity of 

INSM1 (80.9%) compared to the results of Gonzalez et al. and Rodriguez et al. 

(Gonzalez, 2019; McHugh, 2020; Rodriguez, 2018). Also, Yang et al. who tested only 
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primary appendiceal adenocarcinoma of ex-goblet cells obtained very poor sensitivity 

of INSM1 (62%) showing no differences compared to chromogranin, synaptophysin, 

and CD56 (Yang, 2019).  

The results of tests by three independent teams on pure pancreatic neuroendocrine 

neoplasms showed 100% sensitivity of INSM1 (Kim, 2020, Takase, 2018, Tanigawa, 

2018). Such high sensitivity concerned both cell blocks and surgical specimens, and it 

was higher than the 3 traditional neuroendocrine markers (synaptophysin 97%, chro-

mogranin 92%, and CD56 85%). However, the disadvantage of INSM1 was the fact 

that in the case of pancreatic non-neuroendocrine tumors Kim et al. obtained positive 

staining in pancreatic solid pseudopapillary neoplasms, while Tanigawa et al. in the 

same tumor type observed no positive staining for INSM1 (Kim, 2020, Tanigawa, 

2018). On the other hand, Takase et al. demonstrated the presence of INSM1 in pan-

creatic non-neuroendocrine tumors (pancreatic ductal adenocarcinoma within adeno-

carcinoma cell clusters) (Takase, 2018). 

A rarer localization of neuroendocrine neoplasms is skin. When studying Merkel cell 

carcinoma, Lilo et al. observed 100% sensitivity and specificity for INSM1 (Lilo, 

2018). Similarly, high sensitivity for INSM1 (93%) in Merkel cell carcinoma was 

obtained by Rush et al. (Rush, 2018). Also, neuroendocrine neoplasms of the head and 

neck showed high sensitivity and specificity for INSM1 (99.0%) (97.6%) (Rooper, 

2018). Similarly, in the uterine cervix Kuji et al. observed sensitivity for INSM1 

(95%), and Roy et al. obtained 100% sensitivity for INSM1 (Kuji, 2017, Roy, 2019). 

On the other hand, the results of research on the usefulness of INSM1 in the diagno-

stics of neuroendocrine neoplasm of the prostate, the urinary bladder, the breast, 

peripheral neuroblastic tumors or primary central nervous system neoplasms require 

further study, as they were based on single scientific reports. 

CONCLUSION  

The results of the analysed studies indicate that INSM1 is a strong nuclear marker of 

neuroendocrine differentiation with high sensitivity and specificity. In addition, the 

great advantage of nuclear staining with INSM1 is that it can be performed even on 

very small material samples containing a few cells, and at the same time it is easy to 

interpret the results both in surgical specimens and cytology specimens. INSM1 can be 

very useful in the diagnostics of neuroendocrine lung neoplasms as the first-line 

marker of neuroendocrine differentiation or in combination with synaptophysin or 

CD56. INSM1 also appears to be very useful in the diagnostics of pure pancreatic 

neuroendocrine neoplasms, neuroendocrine neoplasms of the digestive system (exclu-

ding tumors from the appendix), Merkel cell carcinomas, neuroendocrine neoplasms of 

the head and neck and the uterine cervix. The remaining locations of neuroendocrine 

neoplasms, due to the very small number of cases studied, require further research. 

Finally, INSM1 cannot be used to differentiate neuroendocrine neoplasms, because it 

stains both tumor cells in small cell lung carcinoma, large cell neuroendocrine 

carcinoma, typical carcinoid, atypical carcinoid and mediastinal paraganglioma. 
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ABSTRACT 

Spectrophotometry is an instrumental technique that uses energy transitions in molecules for analytical 

purposes, caused by the absorption of electromagnetic radiation in the ultraviolet, visible or near-infrared 

range. Cancer cells, during their life or as a result of decay, produce their characteristic metabolites, which 

are able to absorb electromagnetic radiation in the ultraviolet or infrared range in various ways. The subject 

of this study was the spectrophotometric analysis of brain tumors that were removed during surgery and the 

determination of the correlation between the obtained results and the histopathological diagnosis obtained 

after the surgery. The study involved 50 adult patients, both sexes, treated surgically at the Department of 

Neurosurgery, Neurotraumatology and Pediatric Neurosurgery, Collegium Medicum im. Ludwik Rydygier 

in Bydgoszcz, Nicolaus Copernicus University in ToruŒ, due to a brain tumor. The research confirmed the 

truth of the assumption that the spectrophotometric evaluation is of clinical importance, which is also 

consistent with other results of research on spectrophotometry. Spectroscopic examination of the lesions 

(carried out in parallel with the histopathological examination) may also contribute to a more accurate 

diagnosis, and further treatment of lesions of a less advanced stage. The results obtained from these studies 

are expected to be a preliminary step towards the precise determination of the biology of brain tumors and 

an attempt to use fluorescent techniques in the early diagnosis of neoplastic lesions of the central nervous 

system. 

INTRODUCTION  

Brain tumors constitute about 2% of all cancers occurring in the world's population. 

Every year in Poland, a brain tumor is found in about 4,000 people. Clinical symptoms 

in patients can be divided into non-specific (associated with the increase in intracranial 

pressure) and specific (depending on the location of the tumor). Complementing the 

diagnosis in patients who are suspected of having a brain tumor are imaging exami-

nations such as a computer tomograph (CT) and magnetic resonance imaging (MR). So 

far, scientific research on brain tumors did not give a full answer to the changes taking 

place under the influence of the carcinogenesis process. Histopathological examination 

of the tumor removed during surgery determines the biology of change.  

We are currently looking for new methods that are able to dispel any diagnostic doubts. 

One of these methods may be spectrophotometric analysis of brain tumors. Fluorescence 

spectroscopy (fluorimetry, spectrofluorimetry) is a kind of electromagnetic radiation 

spectroscopy where the sample is analyzed using the fluorescence phenomenon indu-

ced by light in the visible or ultraviolet radiation range (Dowling, 2001; Saraswathy, 

2009). Fluorescent methods of medical diagnosis are based on optical differences in the 

properties of healthy tissues and tissues changed in the process of cancer. Currently, 

spectroscopy is used, among others in biochemistry (in studies of the dynamics of 

enzymatic processes, the mechanism of vision and the course of photosynthesis), in 

crystallography, forensics (non-invasive examination of evidence, can be helpful in 

determining the authenticity of artistic works), in medicine (non-invasive ex vivo and 
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en vivo studies on living tissues, for measuring blood glucose, diagnosing tissues, 

cellular tests, diagnosing cancerous changes and identifying the distribution of 

pigments in the skin). Over recent years, there has been significant progress in the bio-

medical sciences. Thanks to scientists, clinicians are provided with newer therapeutic 

methods and better and better diagnostic tools. Until now, doctors could obtain infor-

mation about the patient's health status from an interview and a clinical trial ï today 

they have many modern tools at their disposal. Modern diagnostics includes research at 

various biological levels: cells, tissues, organs and the entire organism. The most 

complicated apparatus allows you to look at numerous processes at the molecular level. 

Fluorescence spectroscopy is an example of such techniques. There are many reports in 

the literature on the use of photoluminescence for testing various tissues. 

The apparatus for fluorescence measurements is called fluorimeters or spectrofluori-

meters. Cancer cells, during their lifetime or as a result of breakdown, produce their 

own characteristic metabolites, which in various ways are able to absorb electro-

magnetic radiation in the ultraviolet or infrared range. This method it can allow to assess 

the completeness of the surgical procedure and create conditions for the diagnosis of 

possible recurrence. The subject of this study is the spectrophotometric analysis of 

brain tumors removed during surgery and the determination of the correlation between 

the results obtained and the histopathological diagnosis obtained after the surgery. The 

results will be able to be compared with other studies on a given topic and will 

contribute to the broadening of knowledge about spectrophotometry, which in the 

future may allow better planning and more effective treatment and monitoring of the 

activity of these cancers. It is expected that the results obtained from these studies will 

be a preliminary step towards the exact determination of brain tumor biology and an 

attempt to apply fluorescent techniques in the early diagnosis of neoplastic lesions of 

the CNS. 

ASSUMPTIONS AND AIM  OF RESEARCH 

Despite the high interest in spectrophotometry, there are still not many reports on the 

use of spectrophotometric methods in the case of brain tumors in the available world 

literature (Lin, 2001; Kast, 2014; Milad, 2013). 

Main thesis: Spectrophotometric analysis of central nervous system tumors is of great 

clinical significance in determining prognosis, planning treatment and monitoring the 

activity of these tumors. 

In order to verify the main assumption made, specific hypotheses were also put forward: 

In patients with central nervous system cancers, there is a relationship between 

emission spectrum and histopathological diagnosis. 

MATERIAL  AND METHODS 

The study involved 50 adult patients, both sexes (27 females, 23 males), treated surgi-

cally in the Department of Neurosurgery, Neurotraumatology and Children's Neuro-

surgery, University Hospital No. 1 in Bydgoszcz due to solid brain cancer, from 

January 2013 to March 2015. A total of 57 fragments of brain tumors were recovered. 

The patient's qualifying diagnosis for the study was based on the interview, subject 



 

Kamila WoŦniak-DŃbrowska 

 

46 

examination and neuroimaging. After surgery, histopathological diagnosis of brain 

tumor was established. Patients with impaired consciousness, making it impossible to 

express informed consent to participate in the research, were excluded from the study. 

All persons qualified for the study (after having provided information about him) gave 

their written consent to participate in it. The research included spectrophotometric 

analysis of a brain tumor fragment taken during surgery. The material to be tested after 

sampling was placed in special containers with 0.9% NaCl, and then subjected to deep-

freezing (temp about -30 degrees Celsius) (Richter, 2011; Moritz, 2012). Next, the 

research material was defrosted in accordance with GLP (Good Laboratory Practice), 

transferred to cuvettes and subjected to spectrophotometric analysis. In spectroscopic 

studies, measurements of fluorescence emission spectra were made. Excitation and 

fluorescence emission spectra were measured on an F-7000 spectrofluorimeter (Hitachi, 

Japan). Measurements of stationary autofluorescence spectra of brain tumor sections 

were made using a spectrofluorimeter for wavelengths of excitation 210 nm to 390 nm 

(measured every 20 nm ï emission spectrum) and for light observations of 330 nm to 

390 nm (measured at 20 nm ï spectra excitation). The results in the form of diagrams 

were developed in the Origin 8. The statistical analysis of the collected material was 

carried out using the Statistica 12.5 package. Descriptive statistics and distribution 

characteristics were used to describe the variables. The intraoperatively collected 

material from the brain tumor was subjected to histopathological examination (histolo-

gical type and tumor grade) in the Department of Clinical Pathomorphology of Colle-

gium Medicum. Ludwika Rydygiera in Bydgoszcz of the Nicolaus Copernicus 

University in ToruŒ. 

RESULTS ï ANALYSIS  OF THE  EMISSION   

In the examined group of respondents, the most prevalent were those with CNS 

metastasis and with grade IV malignancy according to WHO. 

The division in terms of the degree of malignancy was also made in a general way: 

malignant tumor (WHO III or IV), which was diagnosed in 25 tumor fragments, non-

malignant (WHO I or II) in 13 tumor fragments, in 17 patients were found metastasis 

to the CNS. 

The type of cancer was estimated in four general groups of intracranial tumors: gliomas, 

meningiomas, metastatic tumors and others. 

The results of measurements of stationary spectroscopy were systematized depending 

on the histopathological diagnosis. The study material was divided into 3 groups: benign 

and intermediate grade malignant tumors, primary malignant tumors and metastatic 

tumors. Emission spectra were tested at light excitation in the wavelength range 250 nm, 

270 nm, 290 nm, 310 nm, 330 nm, 350 nm, 370 nm, 390 nm. 
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4.2.1. EVALUATION OF BENINGN (WHO  I)  AND INTERMEDIATE (WHO  II  AND III)  

EMISSION LEVELS OF CNS TUMORS, MALIGNANT CNS TUMORS AND CNS 

METASTASES 

4.2.1.1. EMISSION SPECTRUM WHEN EXCITED WITH 250 NM LIGHT OF CNS TUMORS 

 
Figure 1. Normalized emission spectra at 250 nm excitation of benign (WHO I) and intermediate grade of 

malignancy (WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastases 
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4.2.1.2 EMISSION SPECTRUM WHEN EXCITED WITH THE 270 NM WORLD OF CNS TUMORS

 

 

Figure 2. Normalized emission spectra at 270 nm excitation of benign (WHO I) and intermediate grade of 

malignancy (WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors 
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4.2.1.3 EMISSION SPECTRUM WHEN EXCITED WITH 290 NM LIGHT OF CNS TUMORS 

 
Figure 3. Normalized emission spectra at 290 nm induction of benign (WHO I) and intermediate grade of 

malignancy (WHO II and III) of CNS tumors, CNS malignant tumors and CNS metastatic tumors 

  
















































































































































































































































































































































































