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ABBREVIATIONS 

 

ACT – alpha-1-antichymotrypsin  

ACTH – adrenocorticotropic hormone 

ADM – acinar-to-ductal metaplasia 

AHP – acute histologic prostatitis  

BCH – basal cell prostatic hyperplasia 

BPH – benign prostatic hyperplasia 

CHP – chronic histologic prostatitis 

CHP-HG – chronic histologic prostatitis of high-grade 

CHP-LG – chronic histologic prostatitis of low-grade 

Ck  – cytokeratin 

ЕМ – eosinophilic metaplasia 

HE – hematoxylin-eosin 

HES – hematoxylin-eosin-saffron stain 

HP – histologic prostatitis, chronic prostatitis NIH category IV (US National Institutes of 

Health) 

HPS – hematoxylin-phloxine-saffron stain 

ICH – immunohistochemistry 

IgA – immunoglobulin А 

Lamps – lysosome-associated membrane glycoproteins 

Lamp1 – lysosome-associated membrane protein 1 

Lamp2 – lysosome-associated membrane protein 2 

ММ – mucinous metaplasia 
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MUCs – mucins 

MUC1 – mucin 1 

MUC2 – mucin 2 

MUC5AC – mucin 5 AC 

MUC6 – mucin 6 

NSE – neuron specific enolase 

NSGP – nonspecific granulomatous prostatitis  

PAS – periodic acid-Schiff reaction 

PAS-D – periodic acid-Schiff reaction with diastase 

PCa – prostate adenocarcinoma  

PCLC – Paneth cell-like change 

PCLM – Paneth cell-like metaplasia 

PEM – prostatic epithelial metaplasia 

PIN – prostatic intraepithelial neoplasia 

PS-100 – protein S-100 

PSA – prostate-specific antigen 

PSAP – prostatic specific acid phosphatase 

PSG – prostate secretory granules 

SM – squamous metaplasia 

TRPB – transrectal prostate biopsy  

TURP – transurethral resection of the prostate  

UМ – urothelial metaplasia 
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І. Introduction 

 

Prostate cancer (PCa) and benign prostatic hyperplasia (BPH) are some of the most 

common and socially significant diseases of the male urogenital system. There are many factors 

associated with the pathogenesis of these diseases - androgens, estrogens, growth factors and / 

or neurotransmitters, chronic prostate inflammation, but nevertheless, the mechanisms leading 

to prostate enlargement and prostate malignant transformation remain unclear (L. Feng 2018 ).

 From the very beginning of the development of pathology as a science - until today, 

many scientific reports and publications have been devoted to the study of these two socially 

significant prostate diseases. Recently, a large number of researchers are concentrated to 

investigate topics concerning chronic background, precancerous and prehyperplastic 

conditions in the prostate gland. The most important of them are chronic (non-specific) 

inflammation, atrophy, postatrophic hyperplasia, proliferative inflammatory atrophy. In recent 

years, there has been an evidence of the significant role of inflammation and adaptive processes 

in the etiology and pathomorphogenesis of benign (BPH) and malignant (PCa) proliferative 

prostate diseases (Delongchamps 2008; Sfanos 2012). 

These facts, as well as the insufficiently well-studied issue of eosinophilic metaplasia 

(EM) in the prostate in the world literature, as well as the complete lack of such studies in our 

country, made us study EM in the prostate gland. 

   Definition: EM represents the presence of large, intensely eosinophilic intracytoplasmic 

granules in benign prostatic epithelium (L. Cheng 2008) (Picture 1). It was first described in 

the prostate with BPH and in PCa in 1992. by Weaver under the terms Paneth cell-like change 

(MG. Weaver 1992) and Paneth cell like-metaplasia (CP. Frydman 1992). 

    

 The analysis of the literature data on the problem can be summarized in the following 

conclusions: 

 

Picture.1 EM in the epithelium of a 

dilated excretory prostate duct (arrow); 

left - normal prostate epithelium. HPS, x 

200. 
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      1. There are no data in the literature for the study of EM in normal prostate tissue - 

both in studies concerning prostate pathology and in those relating to normal histology 

of the gland. 

2. In the literature there are no quantitative histological examinations of EM in 

materials from TURP, concerning: 

    2.1. The frequency of EM. 

    2.2. Detailed statistical study of the combination of this prostate metaplasia with 

other pathological processes in the prostate gland: chronic prostatitis type IV 

according to the NIH classification (HP), other types of prostate epithelial 

metaplasia (PEM), basal cell hyperplasia (BCH), BPH, PCa. 

    2.3. Detailed, semi-quantitative morphological study of the localization and 

tissue distribution of EM. 

    2.4. Study of EM in the Bulgarian contingent of patients. 

     3. To date, the literature lacks qualitative studies of EM in the prostate, concerning: 

   3.1. The size of the cytoplasmic granules in EM. The small eosinophilic granules 

observed in the pathologist's daily diagnostic practice, located apically or more 

often diffusely in the cytoplasm of the benign prostatic epithelium, have not been 

studied so far. In the literature up to date, we did not find a description of such 

cytoplasmic changes, either as a major histological finding or in a differential 

diagnostic plan. 

   3.2. The nature and character (exocrine or lysosomal) of intracytoplasmic 

granules in EM, respectively their immunohistochemical (ICH) profile. 

4. To date, the literature lacks in-depth research on: 

   4.1. Patho- and morphogenesis of EM. 

   4.2. The general pathological significance of EM. 

         4.3. The differential diagnosis of EM with other eosinophilic intracytoplasmic 

changes in the prostate epithelium. 

 4.4. The attitude of EM to the socially significant diseases of the prostate - BPH 

and PCa, indirectly, along the lines of precancerous changes in the prostate gland, 

in particular the connection with HP. 

4.5. Unlike endometrial EM, different types of cytoplasmic mucins (MUCs) have 

not been studied in prostate EM. 

5. There is no data in the literature for quantitative study of the associations between 

the different types of TEM among the population of patients originating from the 
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hospital in the context of the main prostate pathology (HP, BCH, BPH and PCa) of 

TURP-material. 

 

 ІІ. Aim and tasks 

 

1. Aim 

To investigate quantitatively and qualitatively the eosinophilic prostate metaplasia 

of TURP material, in order to clarify the pathogenesis and general pathological 

significance of the process. 

2. Tasks 

1.  To study some basic quantitative features of prostate EM of TURP-material in 

two groups of patients (Bulgarians and French) in terms of frequency and age, 

and to compare the results obtained in both groups. 

2. To study the main clinical symptoms and the level of serum prostate-specific 

antigen (PSA) in EM. 

3. To study the morphology of prostate EM: general type, quantity, location and 

size of granules, fate of granules, histochemical composition and coloring 

properties, possible artifacts related to the specifics of TURP-material, 

differential diagnosis. 

4. To study the ICH-profile of the granules in prostate EM in order to specify their 

exocrine, lysosomal or mixed nature. To create histological and ICH-diagnostic and 

differential-diagnostic algorithm.  

5.  To study the main quantitative and qualitative histological features of prostate 

EM of TURP-material: presence in normal prostate, combination with other 

pathological processes in the prostate gland - acute and chronic inflammation, 

other types of prostate metaplasia (squamous, urothelial, mucinous), BCH, BPH 

and PCa. 

6. Based on the results obtained, to clarify the pathogenesis and general 

pathological significance of EM. 

ІІІ. Material and methods 
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1. Material 

The study includes a retrospective investigation of a total of 123 TURP materials. 

The materials are divided into 2 main groups: 

Group I - Bulgarian patients: 61 TURP-materials from the biopsy archive of the Department 

of Clinical Pathology of UMAT "St. George" EAD - Plovdiv, for a period of 1 year (2014) 

ІІ group – french patients: 62 TURP materials from the archives of the Service d'Anatomie et 

de cytologie pathologiques, Grand Hôpital de l'Est Francilien, Jossigny, France, for periods of 

6 months in 2014 and in 2020 (the last group of patients from the first 6 months of 2020 have 

been further investigated, following a discussion).  

 34 cases were studied by IHC. 

Additionally, as a control group of patients, with the kind cooperation of the supervisor, 19 

autopsy prostates from the autopsy register of the departments of pathology and forensic 

medicine of UMAT "St. George" EAD - Plovdiv, and the  Hospital in Lovech from period 1995 

– 2002 were provided. 

The indicators of each case studied are coded and entered into an electronic database for 

subsequent statistical processing of the results. Each of these subgroups is further subdivided 

according to the histological parameters that are examined. 

Inclusion and exclusion selection criteria are used for the main working material groups. 

Including criteria: 

1. TURP- cases for the respective period Bulgarian patients who present clinically the so-

called prostate syndrome, which is typical for BPH, which is the main indication for 

surgical intervention.  

2. TURP- cases for the respective period French patients who present clinically the so-called 

prostate syndrome, which is typical of BPH, which is the main indication for surgery. 

Excluding criteria: 

1. Cases in which there are no clinical data on radiation therapy in the genital area, 

chemotherapy or hormonal ablation therapy of the prostate. 

2. Cases with optimally preserved and fixed prostate tissue with minimal or zero autolysis and 

with <10% areas with electrocoagulation on microscopic examination of the preparations. 

 

 2. Methods 



 10 

 1. Classical histological technique 

 The histological examination of routinely stained specimens with hematoxylin-eosin 

(HE) of the Bulgarian TURP-materials was made in the Laboratory of the Department of 

Clinical Pathology of UMAT "St. George" EAD - Plovdiv. Histological examinations of 

routinely stained specimens with hematoxylin-eosin-saffron (HES) and hematoxylin-floxin-

saffron (HPS) of the French contingent of patients and 20 selected Bulgarian cases with EM, 

as well as histochemical and IHC-examinations were performed in Grand Hôpital de l'Est 

Francilien, Jossigny, France. 

In each case, 1 to 10 histological specimens were examined, depending on the number of 

paraffin blocks available. 

Prostate tissue materials were routinely fixed in 10% neutral buffered formalin solution and 

treated by standard paraffin procedure. Paraffin sections with a thickness of 4 to 6 µm are 

dewaxed and rehydrated through alcohols of descending concentration. Staining with HE, HES 

and HPS is performed according to standard methods. Histological sections are included in a 

Canadian balm, after which the cover glasses are put on.  

The retrospective histological and histochemical examination of the TURP-materials, 

as well as the reporting of IHC-results is performed at 2 levels: level I - by the investigator and 

level II - consultatively, by the supervisor. The final result is the average value of the 

assessments at both levels. 

2. Semi-quantitative histological examination 

ЕМ 

To perform a semi-quantitative assessment of the histological distribution of EM, the 

following reporting scale was created (М. Koleva 2020): 

- EM is reported as focal when observed in only 1 visual field and affects part of a 

glandular canal or lobule at moderate microscopic magnification (x100);  

- EM is reported as diffuse when the involvement is multifocal and / or observed in 

several adjacent visual fields, at the same microscopic magnification (x100). 

For the realization of a semi-quantitative assessment of the histological distribution of EM, the 

following reporting scale was created. (М. Koleva 2020):  
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- EM concerns single or small groups of cells when <10 cells with eosinophilic 

granular cytoplasm are observed; 

- EM concerns large groups of cells when observed in> 10 cells with eosinophilic 

granular cytoplasm.. 

The Zeiss Axio Scope A1 microscope morphometry system is used to quantify 

(measure) the size of the granules in EM. 

HP 

Chronic histological prostatitis (CHP) is expressed histologically by the presence of a 

mononuclear inflammatory infiltrate, the intensity of which varies. Depending on this we 

distinguish (NB. Delongchamps 2008; D. Dikov, M. Koleva unpublished): 

- Low-grade CHP (CHP-LG), in which there is a focal presence of small groups of 

inflammatory mononuclear cells, separated by large areas of non-inflamed tissue, or <100 

inflammatory cells / 1 mm2 (2 visual fields of x 400). 

           - High-grade CHP (CHP-HG), in which there is a diffuse nature of the inflammatory 

infiltrate with confluent groups of inflammatory mononuclear cells, with periglandular and 

stromal localization and formation of lymph clusters or follicles, or> 100 inflammatory cells / 

1 mm2 (2 visual fields of x 400). 

 

3. Histochemical technique 

Staining with periodic acid-Schiff reaction (PAS) and PAS-D – periodic acid-Schiff reaction 

with diastase. 

4. Immunohistochemical technique 

The IHC examination was performed in accordance with standard protocols of the 

manufacturer. The following primary antibodies were used: PSA (35H9, mouse monoclonal 

antibody PSA – 1:100, Leica Biosystems Newcastle Ltd), MUC1 (MA522, mouse monoclonal 

antibody MUC-1 – 1:400, Leica Biosystems Newcastle Ltd), MUC2 (Ccp58, Novocastra, 

Newcastle upon Tyne, UK, 1:100), MUC5 (CLH2, Novocastra, Newcastle upon Tyne, UK, 

1:100), MUC6 (CLH5, Novocastra, Newcastle upon Tyne, UK, 1:100), АХТ (Dako, 

Caripenteria, California, USA, 1:1000), lysosome-associated membrane proteins Lamp1 and 

Lamp2 (H4A3 and H4A4, dilution 1:150; Developmental Studies Hybridoma Bank, University 

of Iowa, Iowa City), synaptophysin (DAK-SYNAP, mouse monoclonal antibody, ready-to-
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Use, Dako Denmark A/S), chromogranin (5H7, mouse monoclonal antibody, ready-to-Use, 

Leica Biosystems Newcastle Ltd), р63 (клон 4А4, ready-to-use; Ventana Medical Systems, 

Tucson, AZ). 

Appropriate positive and negative external and internal (where possible) controls are 

used to record the expression of individual antibodies. 

The technical characteristics of the antibodies that are used and the positive external 

controls are shown in Table 1. 

Table 1. Characteristics of the used antibodies in the IHC study and external positive 

tissue controls 

Antibody Clone pH Location of 

expression 

Positive expression 

(external positive controls) 

MUC1 MA522 6 Membrane 

and/or 

cytoplasmic 

Apical surface of glandular ductal 

epithelial cells in skin - eccrine and 

apocrine glands (2 cases) 

MUC2 Ccp58 6 Cytoplasmic Intestinal epithelium (2 cases)  

MUC5 CLH2 6 Cytoplasmic Stomach – foveolar epithelium of the 

body and antrum (2 casese) 

MUC6 CLH5 6 Cytoplasmic Stomach – pyloric glands (2 cases) 

PSA 35H9 6 Cytoplasmic Normal prostate epithelium (all studied 

cases with TURP from the main group 

and 2 cases from radical prostatectomy) 

АХT  6 Cytoplasmic Histiocytes of skin with granulomatous 

inflammation (2 cases) 

Lamp 1 H4A3 6 Cytoplasmic Activated Т-lymphocites and 

endothelium form skin with 

granulomatous inflammation (2 cases)   

Lamp 2 H4A4 6 Cytoplasmic Lysosomal membranes of histiocytes 

from skin with granulomatous 

inflammation (2 cases) 

Chromogranin 

А 

5H7 6 Cytoplasmic Neuroendocrine cells in stomach (2 

cases) 
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Synaptophysin DAK-

SYNAP 

6 Cytoplasmic Neuroendocrine cells in stomach (2 

cases) 

P63 Ventana          6 Nuclear  Skin epidermis  (2 cases) 

 

 5. Statistical research methods 

 5.1. Statistical methods 

Statistical hypotheses with accurate calculation of "p-value" are applied. The criterion "p-

value"> 0.05 was used to accept the null hypothesis (H0) (the probability of making a first-

order error is less than 5%), and the criterion "p-value" was applied to accept the alternative 

hypothesis (H1) <0.05 (the probability of a correct decision is over 95%). 

• The non-parametric Mann-Whitney U test (when comparing two defined groups of 

patients) was used to detect a statistical difference between the values of a parameter 

(age, PSA), which is a continuous random variable. For the application of the formal 

statistical test, a null hypothesis was defined (H0) - the parameter values for the 

compared groups are derived from the same general population and an alternative 

hypothesis (H1) - the parameter values for the studied groups differ statistically;  

• Fisher's Exact Test was applied for comparisons with respect to variables occupying 

discrete values; 

5.2. Graphics 

For graphical visualization of the data are used: 

• "boxplot" diagrams, which show the 25th, 50th and 75th percentiles of the data set, as 

well as the minimum and maximum value of the studied parameter, which are not 

"fugitives" (outliers). The criterion 1.5 lengths of "boxplot" for identification of 

"fugitives" is applied; 

• "bar" charts normalized to 100% to represent the percentage of a given category of data; 

• Pie charts to illustrate percentages. 

 

5.3. Application software - the calculations are made using MS Excel 2016 and R-statistics 

(www.r-project.org). 

http://www.r-project.org/
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 ІV. Results 

Task 1 

 From the retrospectively examined  total of 123 TURP-materials (Bulgarian and French 

group of patients), in 57 cases EM was observed (46.3%), while the cases in which it was not 

detected were 66 (53.7%). 

In the retrospectively examined 61 TURP-materials from Bulgarian patients (Bulgarian group 

of patients), in 34 cases there was EM (55.7%), while in the remaining 27 cases (44.3%) it was 

not found. 

In the retrospectively studied 62 TURP-materials from French patients (French group of 

patients), in 23 cases there was EM (37.1%), and in 39 (62.9%) - it was not observed. 

The percentages of EM in the two groups of patients and in general are summarized in Table 

2 and presented graphically in Figure 1. 

Table 2: Frequency of EM of TURP-material - total and by examined groups of patients 

  

Group Total 

Bulgarian 

cases 

French 

cases   

Eosinophilic 

metaplasia 

No ЕМ N 27 39 66 

% 44,3% 62.9% 53.7% 

Presence 

of ЕМ 

N 34 23 57 

% 55,7%  37.1% 46.3% 

Total N 61 62 123 

% 100,0% 100,0% 100,0% 

      
Figure 1: Graphical representation of EM frequency of TURP-material by examined 

groups of patients 
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Legend-Traduction Няма ЕМ - No EM; Има ЕМ - Presence of EM 

 

The analysis of the obtained results shows that there is no statistically significant difference in 

the frequency of EM in the studied Bulgarian and French cases (Fisher's Exact Test; p = 0.131). 

The age distribution of all patients - total and by groups (Bulgarian and French), with and 

without EM, is summarized in Table 3 and presented graphically in Figure 2. 

 

Table 3: The age distribution of patients with EM on TURP-material - total and by 

studied groups of patients 

Variable 

indicators 
N Average 

Standard 

deviation 
Minimal Maximum 

All patients 

without EM 
 66 73 8 54 88 

All patients 

with EM 

 

57 

71 8 54 87 

Bulgarian 

patients 

without ЕМ 

27 73 9 54 88 

44%

63%

56%

0%

20%

40%

60%

80%

100%

Няма ЕМ Има ЕМ

37%

Bulgarian cases                           French cases
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Bulgarian 

patients with 

ЕМ 

34 72 8 54 87 

French 

patients 

without ЕМ 

 39 72 8 56 83 

French 

patients with 

ЕМ 

 23 69 8 57 85 

 

Figure 2: Graphic representation of the age distribution of patients with EM on TURP-

material - total and by examined groups of patients 

  

Legend-Traduction Възраст - Age; Няма ЕМ - No EM; Има ЕМ - Presence of EM; 

Български случаи – Bulgarian cases; Френски случаи – French cases; Всички пациенти – 

Total cases. 

 

 The applied analysis (Mann-Whitney) did not show a statistically significant correlation 

between the mean age of all studied patients without EM compared to those with EM (p = 

0.271). There was no statistically significant difference in the mean age of patients with and 

without EM in the two investigated groups: Bulgarian group p = 0.561 and French group p = 

0.221. The results obtained above and their analysis show that there is no statistically 

significant difference in some basic indicators (frequency and age) in patients with and 
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without EM depending on the geographical distribution of this type of lesion: Eastern Europe 

/ Western Europe. 

 

Task 2 

         The main clinical symptoms in patients with EM (n = 57/123) and without EM (n = 

66/123), both in total (n = 123) and separately in each of the two examined groups (n = 34/61 

- Bulgarian group) and (n = 23/62 - French group), operated by TURP, are presented 

clinically by the so-called prostate syndrome. This syndrome is typical for BPH and is the 

main clinical indication for surgical treatment - TURP. 

In all patients, with or without EM, prostate syndrome clinically includes the following 2 

types of urological symptoms of the lower urinary tract: obstructive symptoms and irritative 

symptoms. 

The obtained results do not show differences in the clinical symptoms in patients with and 

without prostate EM - both in total and separately in each of the two investigated groups. 

Serum PSA level in patients with EM of TURP material (French contingent of 

patients) 

The level of the main laboratory prostate marker - PSA in EM is studied only in the 

French contingent of patients, due to lack of paraclinical data in the group of Bulgarian patients. 

From the 62 cases, 23 had EM (37.1%). 

In them, the average value of the tested PSA is 2.31 ng / ml, and the minimum and 

maximum value are 0.85 ng / ml and 3.34 ng / ml, respectively. In the remaining 39 cases 

without EM (62.9%), the mean PSA was 2.09 ng / ml and the minimum and maximum ranged 

between 0.44 ng / ml and 3.85 ng / ml. 

PSA values in TURP patients with and without EM are summarized in Table 4 and 

presented graphically in Figure 3. 

 

Table 4: PSA values (ng / ml) in patients undergoing TURP with and without prostate 

EM 

Variable indicators Number of patients Average 
Standart 

deviation 
Minimal Maximum 
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PSА – patients without EM 39 2,09 1,19 0,44 3,85 

PSА- patients with EM 23 2,31 0,91 0,85 3,34 

 

Figure 3: Graphical representation of PSA values (ng / ml) in patients operated with 

TURP, with and without prostate EM 

 

Our obtained and processed statistical results show that there is no statistically significant 

correlation in PSA values between patients with EM and without the presence of EM (Mann-

Whitney; p = 0.621). 

Task 3  

    EM is characterized by the presence of intensely stained eosinophilic granules in the 

cytoplasm of the benign prostatic secretory epithelium. The nuclei of secretory cells with EM 

are basal. Basal cells do not contain eosinophilic cytoplasmic granules. The stroma around 

the glands shows mild to moderate fibrosis and different in nature and intensity CHP. In all 

cases studied by us, EM is localized in the transient zone of the prostate. 

   EM in the secretory epithelial cells of the prostate ducts and acini can be observed 

throughout the cellular cytoplasm (diffuse localization) (Picture 2) or be partial, with 

predominantly apical localization (Picture 3). 
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EM can engage fully (diffuse EM) or partially (focal EM) a secretory prostate unit - prostate 

acinus or ductus (Picture 4), and sometimes, in one visual field, in the same prostate acinus or 

ductus, can be observed both partial and diffuse localization of EM (Picture 5). 

                                 

 

 

 

 

 

EM is found in single or small groups of cells (<10 cells) in 88.2% of cases (Picture 6) and in 

11.8% in large groups of cells (> 10 cells) (Picture 7). 

Picture 2. EM in the ductal 

secretory prostate epithelium, 

engaging the entire cellular 

cytoplasm (arrows). HES, x200. 

Picture 3. EM in ductal prostate 

epithelium with partial involvement 

of the cell cytoplasm, localized only 

in the apical parts of the secretory 

epithelial cells. HES, x400. 

Picture 4. Focal EM, partially 

involving one prostate ductus, with 

apical cytoplasmic localization and 

basal cell permeation. HES, x400. 

Picture 5. EM in secretory prostate 

epithelium with partial apical (thin 

arrows) and diffuse (thick arrows) 

cytoplasmic localization and penetration 

of basal cells. HES, x630. 
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Histological topographic tissue localization of EM: 

- focal, when observed in only 1 visual field and affecting part of a glandular ductus or 

lobule at moderate microscopic magnification (x100). It is found in 73.5% of cases 

(Picture 8); 

- diffuse, when the involvement is multifocal and / or observed in several adjacent 

visual fields, at moderate microscopic magnification (x100). It is found in 26.5%) of 

the cases (Picture 9). 

                                  

 

   

 

Picture 6. EM is located in single 

cells or in small groups of cells. 

HES, x630. 

Picture 7. EM is located in large groups 

of cells in ductal (thin arrows) and acinar 

(thick arrows) microanatomical tissue 

structures. HES, x200. 

Picture 8. Focal EM in prostate ducts 

(arrows); fibrosis of the surrounding 

prostate stroma. HES, x100. 

Picture 9. Diffuse distribution of EM 

in the periductal prostate acini 

(arrows); combination with 

periglandular CHP-LG. HES, x100. 
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EM has predominantly ductal (58.8%) or predominantly acinar localization (23.6%), and 

17.6% has both ductal and acinar localization (Picture 10). 

 

Eosinophilic cytoplasmic granules are of different sizes: 

- when the size of the eosinophilic granules is between 1-3 µm, they are observed 

mainly in secretory epithelial cells, which are located mainly in the prostate ducts. 

Their localization in the cytoplasm is apical, submembrane or diffuse (Picture 11). 

- when the size of the eosinophilic granules is larger, over 3-4 µm, they are located 

more often in the prostatic glandular acini. In these cases, their localization is apical, 

supra- or perinuclear, and they closely resemble the granules in Panet's intestinal cells 

(Picture 12). 

                             

 

 

 

Areas are often observed in which the two types of granules combine and are visualized 

simultaneously in one field of view (Picture 13). 

Picture 10. EM with ductal and acinar 

localization. HPS, x200. 

Picture 11. EM in ductal epithelium 

with small eosinophilic cytoplasmic 

granules, with diffuse cytoplasmic 

localization. HES, x200. 

Picture 12. EM in ductal and 

acinar epithelium with the 

presence of large eosinophilic, 

cytoplasmic granules. HES, 

x200. 
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Evolution of granules in EM: 

       We observe two evolutionary aspects of eosinophilic cytoplasmic granules in EM in the 

prostate secretory epithelium: 

       - conversion to lipochromic pigment - lipofuscin: the granules become smaller in 

number, larger in size and coarser, change color from eosinophilic to brownish-red - 

lipofuscin granules of type 2B (Picture 14). 

      - phagocytosis of secretory granules by intraepithelial and / or intraluminal macrophages 

(Picture 15). 

                                  

 

 

 

 

Picture 13. EM in ductal epithelium 

with the presence of both types of 

secretory granules - small (thin arrows) 

and large (thick arrows). HES, x630. 

Picture 14. EM with small granules in secretory 

ductal epithelium (right, thin arrows) in intimate 

association with lipochromic pigment (left, thick 

arrows) and the presence of 3 intraepithelial 

macrophages with light cytoplasm in the underlying 

hyperplastic basal epithelium. HES, x400. 

Picture 15. EM with small granules in 

secretory ductal epithelium (right) and the 

presence of a large number of intraluminal 

foamy macrophages, some of which have 

phagocytosed eosinophilic granules. HES, 

x400. 
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Staining characteristics in a relatively standard histological examination. A comparative 

examination of the two standard histological stains performed on 20 cases showed better 

visualization of the cytoplasmic granules of EM with HPS (Picture 16) and HES than with 

HE (Picture 17). 

                                

 

 

Possible artifacts related to the specifics of the used TURP-material 

Relatively often, in the electrocoagulated periphery of TURP fragments, secretory glandular 

cells show pseudoeosinophilic cytoplasm (Picture 18) (electrocoagulation artifact 

characteristic of TURP), which is PAS-negative (Picture 19), in contrast to true EM.  

                                

 

 

 

Picture 16. EM in prostate epithelium 

in HPS staining. HPS, x400. 

Picture 17. EM in prostate epithelium 

(arrows) in staining with HE. HE, 

x400. 

Picture 18. Secretory gland cells located in 

the electrocoagulated periphery of a TURP 

fragment with eosinophilic cytoplasm 

(arrows). HES, x100. 

Picture 19. Pseudo-EM secretory gland 

cells are negative for PAS staining 

(arrows). PAS, x100. 
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In three patients from French contingent, in whom TURP is done by laser enucleation 

(HOLEP: Holmium Laser Enucleation of the Prostate), in the areas with tissue disintegration 

related with laser, eosinophilic granular cytoplasmic changes in secretory cells with EM are 

preserved. 

Histochemical composition of granules in EM 

Histochemical examination with PAS and PAS.D of all 34 cases with EM out of a total of 61 

studied cases (Bulgarian contingent of patients) showed that in all cells with EM (100%), 

regardless of their size, the granules were PAS and PAS. D positive (Pictures 20 and 21). 

Basal cells that do not contain eosinophilic cytoplasmic granules are PAS and PAS.D 

negative. 

                                 

 

 

 

Task 4 

IHC results - an IHC study was performed on all 34 cases with the presence of EM 

(Bulgarian group of patients). The cytoplasm of EM epithelial cells positively expressed PSA 

and ACT (Pictures 22 and 23) in all investigated cases (34/34). EM in the prostate epithelium 

is IHC negative for chromogranin and synaptophysin in all cases (Pictures 24 and 25).  

Picture 20. Eosinophilic 

cytoplasmic granules in EM in the 

secretory prostate epithelium are 

PAS positive. PAS, x200. 

Picture 21. Eosinophilic 

cytoplasmic granules in EM are 

PAS.D positive. PAS.D, x400. 
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Cytoplasmic mucins (MUC1, MUC2, MUC5 and MUC6) 

MUC1: Most secretory epithelial cells with EM (34/34) show weak to strong staining with 

MUC1 antibody, while the surrounding basal cells are negative. We report two 

morphological types of MUC1 expression: normal and aberrant types (Pictures 26 and 27). 

Picture 22. Positive expression of PSA in 

the secretory prostate epithelium and in 

the foci with EM (signal accentuation). 

IHC, anti-PSA, x200. 

Picture 23. The cytoplasmic granules in the 

secretory prostate epithelium with EM express 

diffusely ACT, in a focus with nonspecific 

granulomatous prostatitis. IHC, anti-ACT, 

x100. 

Picture 24. EM in the secretory prostate 

epithelium is immunohistochemically 

negative for chromogranin. ICH, anti-

chromogranin-A, x200. 

Picture 25. EM in the secretory prostate 

epithelium is immunohistochemically 

negative for synaptophysin. ICH, anti-

synaptophysin-A, x200. 
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In the zones where both types of granules were observed simultaneously, the expression was 

mixed - of normal and aberrant type (Picture 28). 

 

 

 

 

MUC2, MUC5 and MUC6: No significant expression of these mucins was observed in 

secretory cells with EM (Picture 29). Sporadic (<5%), MUC1 and MUC5 weak focal 

expression of a predominantly aberrant type was observed in normal secretory cells without 

EM (Picture 30). 

Picture 26. EM in secretory prostate 

epithelium with positive MUC1 

immunoreactivity of normal type (apical-

superficial localization, with apical-

membrane accentuation) in cases of large 

eosinophilic granules. The secretory 

epithelium without EM is negative and 

serves as an internal negative control 

(below, in the center). ICH, anti-MUC1, 

x400. 

Picture 27. EM in secretory prostate 

epithelium with positive MUC1 

immunoreactivity of aberrant type 

(predominantly cytoplasmic perinuclear 

localization or cytoplasmic membrane 

expression). ICH, anti-MUC1, x400. 

 

Picture 28. EM in secretory ductal prostate epithelium, in 

which both types of granules are observed 

simultaneously, the expression of MUC1 is of both 

normal (thin arrows) and aberrant type (thick arrows). 

IHC, anti-MUC1, x400. 
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Expression and immunoreactivity of epithelial cytoplasmic mucins (MUCs: MUC1, 

MUC2, MUC5, MUC6) in prostate EM are presented in Table 5 

Table 5 

MUCs antibodies MUC1 MUC2 MUC5 MUC6 

Immunoreactivity 

(cases) 

3+: 25/34 

2+: 6/34 

1+: 3/34 

-: 0/34 

3+: 0/34 

2+: 0/34 

1+: 3/34 

-: 31/34 

3+: 0/34 

2+: 0/34 

1+: 4/34 

-: 30/34 

3+: 0/34 

2+: 0/34 

1+: 0/34 

-: 34/34 

Semi-quantitative scale for immunoreactivity (intensity of IHC-expression): 3+, 80% to 

100% positive epithelial cells with EM; 2+, 40% to 80% positive epithelial cells with EM; 

1+, 20% to 40% positive epithelial cells with EM; and -, no reaction (Kaymaz et al.) 

Lysosome-associated membrane proteins – Lamp1 and Lamp2 

Analysis of our results showed that most secretory epithelial cells with EM showed weak to 

strong expression of Lamp and Lamp2 antibodies (Pictures 31 and 32). 

Picture 29. EM in the secretory 

prostate epithelium is ICH-negative for 

MUC5. Identical results with respect to 

MUC2 and MUC6 expression. IHC, 

anti-MUC5, x200. 

Picture 30. Focal, sporadic expression 

of aberrant type with MUC1 (arrow) 

was observed in normal prostate 

secretory enitel cells without EM. 

Identical results with respect to MUC5 

expression. ICH, anti-MUC1, x400. 
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The percentage distribution of IHC expression of Lamp1 and Lamp2 is shown in Figures 4 

and 5. 

 

Figure 4. Lamp1                                                           Figure 5. Lamp2 

                 

р63 

IHC-expression of the marker p63 was investigated in 6 selected cases - 3 typical cases 

with BCH and EM (TURP-material of Bulgarian patients). In all examined cases, expression 

of p63 was observed, and the signal was localized in the basal cells - those with hyperplasia in 

26%

26%
38%

9%

Без реакция

20% до 40% позитивни епителни клетки с EM

40% до 80% позитивни епителни клетки с EM

80% до 100% позитивни епителни клетки с EM

9%
12%

79%

Без реакция

20% до 40% позитивни епителни клетки с EM

40% до 80% позитивни епителни клетки с EM

80% до 100% позитивни епителни клетки с EM

Picture 31. EM in secretory prostate 

epithelium with positive Lamp1 cytoplasmic 

expression with signal intensity from 20% to 

40%. The secretory epithelium without EM 

is negative or weakly positive and serves as 

an internal control (serial section). IHC, 

anti-Lamp1, x400. 

Picture 32. EM in secretory prostate 

epithelium with positive Lamp2 

cytoplasmic expression with signal 

intensity from 40% to 80%. The secretory 

epithelium without EM is negative or 

weakly positive and serves as an internal 

control (serial section). IHC, anti-Lamp2, 

x400. 
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the foci with BCH and those around the areas with EM. 

Construction of histological and IHC-diagnostic and differential-diagnostic algorithm of 

EM 

Based on the above results and the data from the literature, we propose a generalized 

algorithm for the differential diagnosis of EM in the prostate epithelium: 

1. Prostate lipochromic pigment: cytoplasmic granules are coarser, perinuclear 

localized, with different color (yellow, gray, brown to violet) and often with a peripheral 

basophilic ring (D. Dikov 2015). 

2. Prostate epithelial thanatosomes (hyaline bodies): cytoplasmic globules are hyaline 

in appearance, large in size (> 5 µm), paranuclear localization, presence of nuclear fragments 

(D. Dikov 2015). 

3. Intraepithelial erythrocytes: different in shape, not always rounded, their 

eosinophilia varies - from intense when erythrocytes are smaller 

sizes, to paler when larger (JT. Beranek 2001; A. Dekker 1971). 

4. Intraepithelial eosinophilic leukocytes: their cytoplasm is more pronounced 

granular and has double lobulated nuclei (D. Dikov 2015). 

5. Normal prostate secretory granules (PSG): they express IHC PSA and Lamps (low 

signal intensity), but are MUC1 negative, light and foamy with conventional histological 

specimens (CS. Leung 1985; D. Dikov 2015 ). 

6. Melanin (granules in prostate stromal blue nevus): the granules are black in color of 

conventionally stained histological specimens and have a predominantly stromal localization 

(CS. Leung 1985; MG. Weaver 1992). 

7. Intraluminal crystalloids: they are eosinophilic, but intalumenally arranged and 

diamond-shaped and the context is tumorous (MG. Weaver 1992). 

8. Virus-like particles. They are very small (MG. Weaver 1992). 

9. Pseudoeosinophilic cytoplasmic changes induced by TURP-electrocoagulation - 

see above, "Differential diagnostic algorithm of pseudoeosinophilic cytoplasmic changes 

induced by TURP-electrocoagulation and true EM". 
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Task 5 

ЕМ in normal prostate 

In none of the control group of patients (normal autopsy prostate without atrophy, without 

significant acute or chronic inflammatory infiltrate, with normal level of intraepithelial 

lymphocytes, no data on BPH, BCH, PIN and PCa, mean age 44.89) no EM is detected. 

Combination of EM with HP 

Combination of EM with acute histological prostatitis (AHP) (Picture 33), the 

percentage of which is presented in Table 6. 

   

Table 6. Combination of ЕМ with AHP of TURP-material. 

  

Acute inflammation 

Total 

No acute 

inflammation 

Presence of 

acute 

inflammation 

Eosinophilic 

metaplasia 

No ЕМ N 25 2 27 

% 51,0% 16,7% 44,3% 

Presence 

of ЕМ 

N 24 10 34 

% 49% 83,3% 55,7% 

Total N 49 12 61 

% 100,0% 100,0% 100,0% 

Picture 33. EM in secretory prostate epithelium, 

basal cell proliferation and AHP, with the presence 

of neutrophilic leukocytes in the lumen of the 

dilated duct. HES, x400. 
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The applied statistical analysis (Fisher's Exact Test) did not show a statistically significant 

difference between EM and AHP (p = 0.502). 

Statistical comment: p-value is close to the limit. 

Combination of EM with chronic histological prostatitis (CHP) 

EM is combined with low-grade CHP (CHP-LG) (Picture 34) and high-grade CHP (CHP-HG) 

(Picture 35). 

                              

 

 

 

 

 

Table 7. Combination of EM with CHP depending on the intensity of inflammation of 

TURP-material. 

  

CHP 

Total 
No 

CHP 

 CHP-

LG 

 CHP-

HG 

Eosinophilic 

metaplasia 

No ЕМ N 14 13 0 27 

% 100,0% 29,5% 0,0% 44,3% 

N 0 31 3 34 

Picture 34. EM in secretory prostate 

epithelium with partial apical 

cytoplasmic localization, basal cell 

penetration and data for CHP-LG, 

with the presence of mononuclear 

periglandular inflammatory infiltrate. 

HES, x400. 

Picture 35. EM in secretory prostate 

epithelium, basal cell penetration 

and data for CHP-HC, with 

abundant mononuclear periglandular 

inflammatory infiltrate of nodular 

character. HES, x400. 
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Presence 

of ЕМ 

% 
0,0% 70,5% 100,0% 55,7% 

Total N 14 44 3 61 

% 100,0% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) showed a statistically significant difference between 

the frequency of EM and CHP (p = 0.000). 

Combination of EM with BCH of TURP-material (Picture 36), the percentage of which is 

presented in Table 8. 

   

Table 8. Combination of ЕМ with BCH of TURP-material 

  

Basal cell 

hyperplasia 

Total 

No 

BCH 

Presence 

of BCH 

Eosinophilic 

Metaplasia 

No ЕМ N 27 0 27 

% 73,0% 0,0% 44,3% 

Presence 

of ЕМ 

N 10 24 34 

% 27,0% 100,0% 55,7% 

Total N 37 24 61 

Picture 36. BCH with microcystic dilatation, 

in intimate association with EM. HES, x200. 
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% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) showed a statistically significant difference between 

the frequency of EM and BCH (p = 0.000). 

Combination of EM with PEM: urothelial metaplasia (UM), squamous cell metaplasia 

(SM) and mucinous metaplasia (MM) (Pictures 37, 38 and 39). 

         

 

 

 

Table 9. Combination of ЕМ with UM of TURP-material 

  

Urothelial 

metaplasia 

Total 

No UM 

Presence 

of UM 

Eosinophilic  

metaplasia 

No ЕМ N 27 0 27 

% 61,4% 0,0% 44,3% 

Presence 

of ЕМ 

N 17 17 34 

% 38,6% 100,0% 55,7% 

Total N 44 17 61 

Picture 37. UM in a large caliber 

prostate ductus (center, top) in 

combination with EM in small canals 

(center-left, bottom, arrow). HES, x100. 

Picture 38. SM in a medium-caliber 

prostate ductus (left, thin arrows) in 

combination with initial EM in small-sized 

canals (thick arrow). HES, x100. 
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% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) showed a statistically significant difference between 

the frequency of EM and UM (p = 0.000). 

 

 

 

Table 10. Combination of ЕМ with SM of TURP-material 

  

Squamous 

metaplasia 

Total 

No SM 

Presence 

of SM 

Eosinophilic  

metaplasia 

No ЕМ N 27 0 27 

% 50,0% 0,0% 44,3% 

Presence 

of ЕМ 

N 27 7 34 

% 50,0% 100,0% 55,7% 

Total N 54 7 61 

% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) showed a statistically significant difference between 

the frequency of EM and SM (p = 0.014). 

Combination of ЕМ with ММ, BPH and PCa 
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Table 11. Combination of ЕМ with ММ of TURP-material 

  

Mucinous 

metaplasia 

Total 
No 

 ММ 

Presence 

of ММ 

Eosinophilic  

metaplasia 

No ЕМ N 24 3 27 

% 41,4% 100,0% 44,3% 

Presence 

of ЕМ 

N 34 0 34 

% 58,6% 0,0% 55,7% 

Total N 58 3 61 

% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) did not show a statistically significant difference 

between the frequency of combination of EM and MM (p = 0.081). 

Table 12. Combination of ЕМ with BPH of TURP-material 

  

Benign prostate 

hyperplasia 

Total 

No 

BPH 

Presence 

of BPH 

Eosinophilic  No ЕМ N 0 27 27 

Picture 39. MM (arrows) in a medium caliber 

prostate ductus. HES, x400. 
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Metaplasia % 0,0% 44,3% 44,3% 

Presence 

of ЕМ 

N 0 34 34 

% 0,0% 55,7% 55,7% 

Total N 0 61 61 

% 0,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) did not find a statistically significant difference 

between the frequency of combination of EM and BPH due to the approximately equal 

percentage (about 50%) of patients without / with EM (p = NA; not available). 

Statistical comment: p-value is NA (not available) - a statistical test cannot be calculated and 

applied because virtually all patients have BPH. 

Table 13. Combination of ЕМ with PCa of TURP-material 

  

PCa 

Total No  

PCa 

Presence 

of PCa 

Eosinophilic 

metaplasia 

No ЕМ N 23 4 27 

% 40,4% 100,0% 44,3% 

Presence 

of ЕМ 

N 34 0 34 

% 59,6% 0,0% 55,7% 

Total N 57 4 61 

% 100,0% 100,0% 100,0% 

 

The applied analysis (Fisher's Exact Test) showed a statistically significant difference between 

the frequency of combination of EM and PCa (p = 0.034).  

 

Task 6 
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The results obtained so far, summarized in task 6, will be discussed in detail and discussed in 

the next chapter of the Dissertation - "Discussion". 

V. Discussion 

 Metaplasia is a reversible process, representing the transformation of one tissue into 

another, related to the first one (initial one) (M. Lugo 1984). Epithelial metaplasia results from 

the adaptive replacement of cells that are sensitive to the damaging effects of environmental 

agents with other cells capable of withstanding such damage (CA. Rubio 1987). The prostate 

epithelium has a limited repertoire of responses against tissue damage. These responses include 

various metaplastic and proliferative lesions that can mimic Pca (DG. Bostwick 2014). PEMs 

usually occur secondarily, as a result of inflammation, a change in the hormonal environment, 

or tissue damage. The most common lesions in the daily practice of the pathologist are the four 

main categories of PEM (SM, UM, MM and EM) and BCH. The diagnostic-prognostic 

significance of PEM is only in its pseudoneoplastic tissue character, as it has been proven that 

prostate metaplastic epithelial proliferations are not precursors of PCa (DG. Bostwick 2014; P. 

Humphrey 2013). The incidence of PEM varies from 0.6% (UM) to 94% (SM), depending on 

the investigated material (DG. Bostwick 2014; P. Humphrey 2013). Our results obtained in the 

study of TURP-materials confirm this high frequency of PEM. We found PEM in total in 

60.6% and BCH - in 39.3% of cases, as both lesions are localized in the transitional zone of 

the prostate (TURP-material).  

BCH presents an increase in the number of basal cells (GB. Dermer 1978; LT. Devaraj 

1993). BCH is often seen in the transitional area of the prostate and is associated with 

inflammation and prostate infarction (DG. Bostwick 2014). Proliferative activity in benign 

prostate tissue increases two to three times in the presence of foci of chronic inflammation and 

metaplasia, but metaplastic proliferations are not precursors and do not represent a risk factor 

for the development of PCa (R. Humphrey 2013). BCH is most commonly seen as a secondary 

change in BPH or in HP (LT. Devaraj 1993). In foci with BPH, BCH is often localized at the 

periphery of the nodes, on the border with the area of prostate infarction (J. McNeal 2012). 

Basal cell proliferation is thought to be a compensatory reaction that develops in ischemia (J. 

McNeal 2012). Basal cells are the main source of indirect SM and UM in the prostate 

epithelium, and in prostate sclerosing adenosis they assume myoepithelial differentiation (LT. 

Devaraj 1993). BCH occurs in 3 to 15% of all urological investigated materials (GB. Dermer 

1978; LT. Devaraj 1993; DG. Bostwick 2014; P. Humphrey 2013). 
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Our results of TURP-material show that BCH is observed in 39.3% of the cases in the 

Bulgarian group of patients. 

 Discussion task 1.  

   To date, the literature lacks quantitative studies of TURP material concerning prostate EM. 

The only semi-quantitative study presented so far (without using statistical analysis) of a large 

series of patients over the age of 42 was performed on materials taken from needle prostate 

biopsies and on operative material from total prostatectomies (L. Cheng 2008). The study 

found that the incidence of EM ranged from 12% to 23% of needle prostate biopsies and 20% 

of total prostatectomy material (L. Cheng 2008). The lesion has been described on TURP 

material only in isolated cases (MG. Weaver 1992; CP. Frydman 1992). Our results show an 

EM frequency of TURP material (total) of 46.3% - 55.7% in the Bulgarian group of patients 

and 37.1% in the French group of patients. 

   To date, there are no quantitative studies in the literature with statistical analysis concerning 

prostate EM. The analysis of the obtained results shows that there is no statistically significant 

difference in terms of the frequency of EM in the studied Bulgarian and French cases (p = 

0.131). The frequency of EM found by us in the investigated TURP-materials is twice higher 

than that described in the needle prostate biopsies and in the operative material of total 

prostatectomies (L. Cheng 2008). The explanation for this fact is related to the more 

pronounced and more common prostate inflammation in patients operated on TURP, given that 

the incidence of EM is statistically significant correlated with CHP (see below). 

   To date, there are no quantitative studies in the literature with statistical analysis concerning 

the average age of patients with prostatic EM. Our results show that the average age of patients 

with EM of TURP-material (total) is 71 years and varies from 54 to 87 years. In the Bulgarian 

group of patients it is 72 years (54 - 87 years), and in the French group of patients - 69 years 

(57 - 85 years). These results are similar to those found in the literature of other types of prostate 

material (L. Cheng 2008). The analysis of the obtained results did not show a statistically 

significant correlation between the mean age of the patients and the presence or absence of 

prostate EM (p = 0.271). 

   To date, there are no quantitative studies in the literature with statistical analysis of prostate 

EM, concerning some elements of geographical pathology. Our results show that there is no 

statistically significant difference in some key indicators (frequency and age) in patients with 

and without EM depending on the geographical distribution of this type of metaplasia - Eastern 
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Europe / Western Europe. These results support the ubiquitous nature of EM, the development 

of which is unlikely to be interfered with by local-regional factors: geographical location, 

climate, diet, ethnic, cultural and socio-economic factors. 

 

 Discussion task 2.  

   To date, there are no quantitative studies in the literature concerning the main clinical 

symptoms of prostate EM. Our results do not show differences in clinical symptoms in patients 

with and without prostate EM. The main clinical symptoms in patients with EM (in total and 

separately in the two groups of patients - Bulgarian and French) are non-specific and identical 

to those of BPH: the so-called prostate syndrome, including 2 types of urological symptoms of 

the lower urinary tract - obstructive symptoms and irritative symptoms. These clinical 

symptoms are the main indication for the performed surgical treatment - TURP. 

   To date, there are no quantitative studies in the literature with statistical analysis concerning 

serum PSA levels in prostate EM. Our results show that the mean value of serum PSA in 

patients with EM of TURP material is 2.31 ng / ml (ranging from 0.85 ng / ml and 3.34 ng / 

ml). No statistically significant correlation was found between serum PSA levels in patients 

with and without EM (p = 0.621). 

 Discussion task 3.  

   From a morphological point of view, the presence of eosinophilic cytoplasmic granules in 

the prostate epithelium of routinely stained sections is a little-known morphological 

phenomenon known in early descriptions as Panet cell-like changes (PCLC) or Panet cell-like 

metaplasia (PCLM) 1992. ; CP. Frydman 1992). The granules accumulate mainly in the apical 

area of secretory cells (MG. Weaver 1992; CP. Frydman 1992; L. Cheng 2008). According to 

current understandings of prostate EM, the terms PCLC and PCLM remain reserved only for 

PCa containing neuroendocrine cells with large eosinophilic granules (MG. Weaver 1992; CP. 

Frydman 1992; H. Ablakha 1994). According to the current definition, the presence of large 

eosinophilic granules in the benign prostatic epithelium is called "eosinophilic metaplasia" 

(EM) (L. Cheng 2008). On the other hand, cytoplasmic eosinophilia in the benign ductal and 

acinar prostate epithelium may be due not only to large granules but also to smaller ones. In 

early publications on EM, the authors described eosinophilic cytoplasmic changes as the 

presence of "small round granules filling the apical cytoplasm of the cell" (MG. Weaver 1992; 

CP. Frydman 1992). It is obvious that there are differences in the size of the granules in EM, 

which are described in earlier and later publications, and that this problem has not yet been 
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well studied. The results obtained by us during the measurement of the eosinophilic 

cytoplasmic granules in prostate EM show that they are of different sizes and with different 

microanatomical architectural localization. The size of the granules with predominantly ductal 

epithelial localization varies between 1-3 µm and their cytoplasmic arrangement is apical, 

submembrane or diffuse. When the size of the eosinophilic granules is larger, over 3-4 µm, 

they are located more often in the secretory epithelium of the acini. In these cases, their 

localization is apical supra- or perinuclear and they are very similar to the granules in Panet's 

intestinal cells. Areas where both types of granules are combined and found simultaneously in 

one field of view are often observed. The presence of ducts and acini containing both types of 

eosinophilic granules indicates that the different size of the granules probably reflects and 

corresponds to the different stage of their secretion and cytoplasmic distribution. The constant 

expression of MUC1 (see below) in both types of eosinophilic cytoplasmic granules in prostate 

EM supports their uniform origin. 

   To date, there is a lack of precise semi-quantitative morphological studies in the literature 

concerning the cellular and tissue topographic features of prostate EM. It is known from the 

bibliographic reference that in 76% of cases EM is found in the peripheral area of the prostate 

gland (L. Cheng 2008), while in the transitional area only isolated cases have been described 

(MG. Weaver 1992; CP. Frydman 1992; L Cheng 2008). Our results, obtained entirely on 

TURP-material, show that EM is localized very often (in 100% of the cases of TURP-material) 

in the transitional zone of the prostate gland. It is known from the literature that EM is observed 

more often in the epithelium of the small and medium-sized prostate ducts than in that of the 

acini (MG. Weaver 1992; CP. Frydman 1992). The changes are focal and scattered among the 

prostate parenchyma, can affect up to 5% of the prostate glands (CP. Frydman 1992), and the 

affected ducts and acini are partially or completely involved in the lesion (MG. Weaver 1992). 

In order to realize a precise investigation of the morphological features concerning the cellular 

and tissue topographic characteristics of EM, we created two scales for semi-quantitative 

histological evaluation. They are used to assess the histological distribution of EM (focal and 

diffuse EM) and the histological distribution of EM (EM in single or small groups of cells and 

EM in large groups of cells). The semi-quantitative results of our study refine the observations 

of other authors (L. Cheng 2008) that EM is often a focal lesion (73.5%), developing in small 

groups of secretory epithelial cells (88.2%) of predominantly ductal prostate structures 

(58.8%). 
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Based on our qualitative and semi-quantitative studies, we systematically systematize the 

localization of prostate EM: 

- according to the localization in the secretory prostate epithelium; 

- according to the localization in the secretory prostate unit (acinus or duct); 

- according to the topographic tissue localization in the prostate; 

- according to the microanatomical architectural localization in the prostate. 

   To date, there is a lack of qualitative histological studies in the literature concerning the fate 

of granules in EM. We observe two evolutionary aspects of eosinophilic cytoplasmic granules 

in EM in the prostate secretory epithelium: 

   1. Conversion to lipochromic pigment (lipofuscin granules of type 2B). In humans, the 

formation of lipochromic pigment in the prostate epithelium is thought to be "a sign of reduced 

metabolic activity and involution due to relative androgen deficiency" (G. Aumüller 1977). 

Other authors describe the presence of large amounts of lipochromic pigment in PCa cells after 

treatment with estrogen medications, which is in favor of drug-induced cytotoxicity (BO. 

Nilsson 1999). The formation of lipochromic pigment in the prostate epithelium is the result 

not only of endogenous cellular metabolism but also of intense autophagocytosis of 

intracellular organelles (VB. Shidham 1999). This process is morphologically illustrated by the 

so-called lipochromic pigment granules of type 2B (VB. Shidham 1999; D. Dikov 2015). In 

the light of this brief summary on prostate lipochrome pigment, we can note that our results 

show for the first time the relationship between prostate lipochrome pigment and EM. The 

cytoplasmic eosinophilic granules in prostate EM are phagocytosed (heterophagocytosis) by 

the surrounding secretory epithelial cells and in their cytoplasm they are converted into 

lipochromic pigment granules of type 2B. 

   2. Phagocytosis of granules from intraepithelial and / or intraluminal macrophages. We do 

not observe, like other authors and like other prostate microstructures (thanatosomes), 

elimination of granules of cells with EM by lymphatic pathway (JT. Beranek 2001). 

   It is known from the literature that cytoplasmic granules in prostate EM are positive with the 

histochemical staining reaction with PAS before and after the use of diastasis (PAS.D) (MG. 

Weaver 1992). Our results confirm in 100% of the cases of TURP-material the positivity of 

the cytoplasmic granules in prostate EM with PAS and PAS.D. Thus, we confirm the presence 
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of a carbohydrate non-glycogen component in the cytoplasmic granules in EM. The most likely 

explanation for this is the presence of a secretory exocrine component in the composition of 

these granules. 

   To date, there is no comparative histological study in the literature concerning the staining 

characteristics of EM in standard histological staining. We conducted a comparative study of 

the cytoplasmic granules in EM of three standard histological stains used in Bulgaria and in 

the Anglo-Saxon countries (HE) and in the Francophone countries (HES and HPS). Our results 

show for the first time that better visualization and reproductive morphological interpretation 

of cytoplasmic granules in EM is available with the use of HES and HPS staining. Floxinophilia 

and positivity with PAS.D indicate that the cytoplasmic granules in EM contain proteins and 

carbohydrates. Phloxin is a constant component of the main staining technique (HES and HPS) 

in French-speaking countries and is also used to visualize protein-rich zymogenic (exocrine) 

granules (C. Doglioni 1993). In addition to their diagnostic and differential diagnostic 

purposes, these results represent additional histochemical evidence for the partly exocrine 

nature of the granules in prostate EM. 

   To date, there are no histological studies in the literature concerning possible tissue artifacts 

related to the specifics of the TURP material used in the histological diagnosis and differential 

diagnosis of EM. Our study shows that in the electrocoagulated periphery of the resected TURP 

fragments, in 70% of cases benign ductal or acinar glandular structures with cytoplasmic 

eosinophilia are observed. The lack of granularity in the standard histological staining, as well 

as the negativity of the cells of these structures with PAS.D and MUC1, in contrast to the 

secretory cells with true EM, indicate that it is cytoplasmic pseudoeosinophilia. Apparently, 

this is an artifact due to electrocoagulation during a TURP-surgical procedure. It is 

recommended, when reporting the TURP-material of a prostate lesion as an EM, such areas are 

either not taken into account, or to use the differential diagnostic algorithm created by us. 

   To date, there are no histological studies in the literature concerning possible artifacts in the 

histological diagnosis and differential diagnosis of EM, related to the specifics of laser 

resection of the prostate (HOLEP: Holmium Laser Enucleation of the Prostate). Our study 

shows for the first time that in the areas of tissue disintegration associated with laser prostate 

resection, the preservation of eosinophilic granular cytoplasmic changes in secretory cells with 

EM is observed. 

 Task 4.  
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   It is known from the literature that IHC cytoplasmic granules in secretory prostate cells with 

EM are PSA +, PSAP + (secretory markers) and ACT + (lysosomal marker). The granules are 

negative for lysozyme, protein S-100 (PS-100), immunoglobulin-A (IgA) and neuroendocrine 

markers - chromogranin-A, serotonin, adrenocorticotropic hormone (ACTH) and neuron 

specific enolase (NSE) 1992; CP. Frydman 1992; L. Cheng 2008). On the other hand, electron 

microscopically, the cytoplasmic granules in EM show an exocrine type of ultrastructural 

morphology (MG. Weaver 1992; CP. Frydman 1992; D. Dikov 2005; L. Cheng 2008). As can 

be seen, the results are contradictory and mixed. The nature and character of cytoplasmic 

granules in EM remain insufficiently studied, and the only sure and evident fact from the few 

studies conducted so far is that it is neither true Paneth cell differentiation (lysozyme negative) 

nor endocrine granules (neuro-endocrine markers negative) (MG. Weaver 1992; CP. Frydman 

1992; D. Dikov 2005; L. Cheng 2008). 

   Our IHC study confirmed the expression of PSA and ACT and the lack of expression of 

chromogranin and synaptophysin in EM cells. The expression of PSA testifies in favor of 

prostate phenotypic origin of cells with EM. The observed expression of ACT in epithelium 

with EM can be explained by the compensatory mobilization of secretory activity in the 

conditions of chronic cell damage. ACHT expression supports the lysosomal (partial) 

phenotypic nature of the granules. The lack of expression of chromogranin and synaptophysin 

in EM cells confirms the lack of endocrine phenotype of the granules. 

   To date, IHC studies of prostate EM for cytoplasmic epithelial mucins (MUCs) and 

lysosomally-associated cytoplasmic glycoproteins (Lamps) have not been described in the 

literature. 

Epithelial tissues in the body are protected from the action of pathogens and other similar 

damage from mucus - a complex, hydrophilic mixture. It has a protective barrier function that 

prevents the pathogen from sticking and internalizing. MUCs are highly glycosylated proteins 

and represent the predominant component of mucus. MUC1 is normally expressed in the apical 

surfaces of almost all glandular and ductal epithelial cells, including breast (Toker cells), renal 

distal tubules, lung (type II pneumocytes), pancreas, salivary glands, skin (eccrine and apocrine 

glands), activated T cells, some B cells, monocytes, follicular dendritic cells and perineurial 

cells, its expression is cytoplasmic or membrane (J. Taylor-Papadimitriou 1999). We use as a 

positive external control - eccrine and apocrine glands in the skin (two cases). Cases of  MUC2, 
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MUC5 and MUC6 in endometrial cells showing mucinous metaplasia have been reported in 

the literature (S. Moritani 2005). 

The expression of cytoplasmic mucins in the prostate epithelium has not been studied so far, 

although several cases have been described: DG. Bostwick et al. declare that “... mucins 

MUC1, MUC2, MUC4, MUC5AC, and MUC6 are not expressed in benign prostatic 

epithelium, although different results have been found with MUC1” (DG. Bostwick 2014). 

Other authors mention different intensity of expression in about 4% of cases with normal 

prostate epithelium (N. Rabiau 2009; C. Garbar 2008), which we confirm with our results. In 

the cases we studied, a constant, 100% immunoreactivity for MUC1 was observed in EM cells. 

We describe two types of MUC1 expression in EM cells: 

1. In the case of EM with large eosinophilic granules (> 4µm), the expression of MUC1 is 

strong in intensity, with predominantly apical cytoplasmic localization with membrane 

accentuation (so-called normal-type expression). 

   2. In cases where the expression of MUC1 is granular, with predominantly perinuclear 

cytoplasmic localization (so-called aberrant type expression), it is EM with small eosinophilic 

cytoplasmic granules (1-4µm). 

In areas where both types of granules are observed histologically simultaneously, MUC1 

expression is of both normal and aberrant types. The constant expression of MUC1 in both 

types of eosinophilic cytoplasmic granules in EM supports their uniform origin. The presence 

of ducts and glands containing both types of eosinophilic granules simultaneously indicates 

that the different size of the granules probably reflects and corresponds to the different stage 

of their secretion and cytoplasmic distribution. With our results, we show for the first time that 

MUC1 can be used as a reliable, albeit non-specific IHC marker for prostate EM. Our results 

also show that the immunophenotype of prostate EM is not affected by the size of the 

eosinophilic secretory granules. We did not observe significant expression of MUC2, MUC5 

and MUC6 in EM cells. Sporadic (<5%), low-intensity focal expression of MUC1 and MUC5 

of predominantly aberrant type was observed in adjacent normal prostate glands and ducts 

without EM. MUC1 is known to play a protective role against inflammatory and immune 

attacks (M. Yamamoto 1997). Epithelial lubrication and hydration and protection against 

microbial attacks are the main functions of MUC1 (M. Yamamoto 1997). Through its function 

of limiting and recognizing surface foreign antigens, MUC1 contributes to the development of 

a local reduced immune or autoimmune response and reduces, albeit in a nonspecific manner, 
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the intensity of the tissue inflammatory response (S. Patton 1995; HH. Sung 2015). Increased 

expression of MUC1 in normal and pathological tissues is strongly influenced by cytokines 

and is aimed to maintain ductal-acinar organization of epithelial tissues (JC. O’Connor 2005). 

The expression of MUC1 in EM suggests that phenotypically modeled secretory cells in EM 

tend to maintain the lumenization of prostate tissue structures under conditions of chronic 

tissue damage. Normally, in the course of these considerations one could go quite far and even 

discuss the possibility - whether prostate EM should not be considered prostate acinar-ductal 

metaplasia (ADM), but this requires additional research and morphological changes in EM are 

not of the type of ADM known from the pancreas. From a diagnostic point of view, eosinophilic 

cytoplasmic granules in prostate EM express MUC1, which can serve as an IHC marker for 

the EM phenotype and be used in the pathologist's daily diagnostic work. From the point of 

view of elucidating the nature of the secretory cytoplasmic granules in prostate EM, the 

expression of MUC1 in them in 100% is a strong argument in favor of the secretory exocrine 

component in the composition of these granules. 

The negativity of prostate EM to other mucinous cortical proteins (MUC2, MUC5 and MUC6) 

is an unequivocal IHC argument in support of the view that EM is not a form of mucinous 

differentiation (metaplasia), even of immature one (S. Moritani 2005) .    

Lysosomes (also called primary lysosomes) are structures located in the cytoplasm, surrounded 

by a single membrane and filled with digestive enzymes. Several types of proteins are involved 

in the construction of the lysosomal membrane: membrane-bound, integral, and membrane 

proteins. Highly glycosylated transmembrane proteins found in all lysosomes are called 

lysosome-associated membrane proteins (Lamps). Structurally, Lamp1 and Lamp2 are 

composed of: luminal region, single transmembrane region and short cytosolic tail. Lamp1 and 

Lamp2 have very similar primary sequences (37% homologous) and therefore similar domain 

structures, suggesting a similar function (BJ. Winchester 2001; S. Wilke 2012). Cellular 

expression is mainly granular and cytoplasmic, and is consistent with lysosomal localization 

of proteins. No cell surface expression was observed. In many cases, the degree of expression 

of the two proteins varies considerably between different tissues. 

In the prostate, the main localization of antigens is similar, but the intensity of staining of ductal 

cells is much higher in Lamp2 than in the other protein (K. Futura 1999). In our studies we use 

the following external controls: for Lamp1 - activated T-lymphocytes and endothelium of skin 

with granulomatous inflammation (two cases) and for Lamp2 - lysosomal membranes of 
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histiocytes from skin with granulomatous inflammation (two cases). Our IHC studies of 

prostate EM showed increased expression of lysosome-associated glycoproteins (Lamp1 and 

Lamp2). Although the exact biological functions of Lamp-glycoproteins are not yet fully 

understood, it is certain that they are a structural component of the lysosomal membrane and 

are involved in the processes of autophagocytosis, cell proliferation and cell death by apoptosis 

(EL. Eskelinen 2002; V. Sarafyan 2007). Interpreting our results comprehensively, our IHC 

studies showed enhanced expression of lysosome-associated glycoproteins (Lamp1 and 

Lamp2) and ACT in the cytoplasmic granules in EM. Similar to the normal prostate (K. Futura 

1999), in EM secretory cells the intensity of Lamp2 expression is significantly more 

pronounced than Lamp1. Probably the appearance of cytoplasmic granules in prostate EM 

reflects a compensatory mechanism of reduction of the secretion of normal prostate secretory 

proteins by autophagocytosis of the latter, under conditions of cellular stress. From the point 

of view of elucidating the nature of the cytoplasmic granules in prostate EM, the expression of 

Lamps-glycoproteins in them is in favor of the presence of a lysosomal component in the 

composition of these granules. A possible explanation is that this compensatory mechanism 

aims to give priority to the newly synthesized MUC1 + exocrine component involved in 

cellular defense in chronic prostate inflammation. 

   In addition to having a diagnostic and differential diagnostic purpose, these results represent 

additional histochemical evidence for the partly exocrine nature of the granules in prostate EM. 

   To date, there is no study in the literature supported by histological and IHC results, 

answering the question - what is the nature of the cytoplasmic granules in prostate EM. Our 

investigation contributes significantly to clarifying the exact nature of granules in EM. We 

prove that in the conditions of CHP, the phenotype of prostate secretory cells changes in the 

direction of biosynthesis of products that serve for cellular protection in the conditions of 

chronic inflammation. Secretory cytoplasmic granules in EM are of mixed exocrine (PSA +, 

MUC1 + / pronounced floxinophilia) and lysosomal (ACT +, Lamps +) character. These 

granules are different from the secretory granules in normal prostate secretory cells. They are 

modified normal prostate secretory granules enriched with protective factors (MUC1, Lamps), 

the purpose of which is non-specific anti-inflammatory protection. 

  To date, there are no IHC studies of prostate EM in the literature regarding p63 expression. 

In all the cases we studied, p63 expression was observed in hyperplasia basal cells subject to 

EM secretory cells. A comment on these results is presented below. 
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   To date, the literature lacks a generalized diagnostic algorithm for the diagnosis and 

differential diagnosis of prostate EM. Based on our results, we propose a generalized algorithm 

of histological, histochemical and IHC criteria for the diagnosis and differential diagnosis of 

prostate EM. We believe that the histological lesion EM should appear in the histological 

description of the pathologist's routine responses to prostate material. In cases where the main 

pathological process is PCa with endocrine differentiation by the type of PCLC, a differential 

diagnosis should be made between the two processes, as we point out in our previous studies. 

 Task 5.  

   To date, no data have been found in the literature to examine and describe EM in 

normal prostate tissue, both in studies related to prostate pathology and in those related 

to normal glandular histology. In our research, we used a control group of prostate 

autopsies. In none of the control patients (normal autopsy prostate without atrophy, no 

significant acute or chronic inflammatory infiltrate, with normal intraepithelial 

lymphocyte levels, no data on BPH, BCH, PIN and PCa, mean age 44.89) EM is 

detected. These results clearly show that prostate EM is necessarily a pathological 

finding and does not occur in the normal human prostate. 

In the process of studying the inflammatory pathology of the prostate gland, the use of 

control material is a difficult luxury. On the one hand, due to the high frequency and 

prevalence of chronic prostate inflammation, and on the other - due to the strict clinical 

indications for instrumental examination and taking prostate tissue for histological 

analysis. Therefore, the use of autopsy prostate and their proper selection with the 

inclusion of more restrictive criteria is an appropriate source of control material, as well 

as for studies of the normal prostate (D. Dikov 2015). We use as a control group only 

cases that are clinically and histologically negative for any prostate pathology, some of 

which are forensic autopsy of the prostate and in patients of relatively young age (44.9 

years average age). We claim that our results are reliable because this is the only 

prostate EM study to date that has used a control group of patients. 

   So far in the literature there is only one quantitative study, but without statistical analysis, 

indicating the combination of EM with prostate inflammation, with the so-called NIH category 

IV prostatitis (HP) (L. Cheng 2008). Chronic histological inflammation is a common 

morphological finding in the human prostate and is closely related to the most important and 

socially significant diseases of the gland - BPH and PCa. There is epidemiological, 

histopathological and molecular genetic evidence that inflammation is crucial for the etiology 
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of these diseases (A. De Marzo 2007). HP occurs without any clinical symptoms associated 

with urinary tract infection or pelvic pain, most likely because it is the most common 

inflammation of the peripheral area of the prostate (J. McNeal 1968; D. Bostwick 2014). In the 

daily practice of the pathologist, HP is an almost constant, but at the same time accidental 

pathological finding. This is the most common type of prostate inflammation diagnosed in 

patients on biopsy screening for suspected PCa (J. Krieger 2008; E. Aglamis 2013; FU. Khan 

2017). Therefore, the task of his researchers is both very responsible and very difficult, because 

it is about deciphering the most common inflammatory disease of the prostate, which is 

clinically asymptomatic. Despite the detailed morphological description of this inflammatory 

process, the etiology and pathogenesis of HP are still unknown. The inflammatory process 

developing in a "normal" or pathological prostate may be a response to the transient and / or 

persistent presence of irritating or pro-inflammatory agents: direct infection, chemical and 

physical trauma (corpora amylacea), intraprostatic reflux of urine, dietary factors, estrogens, 

or a combination of two or more of these factors (AM. De Marzo 2007; KS. Sfanos 2018). 

Each of the above factors could lead to damage to prostate epithelial cells in predisposed 

individuals, resulting in a breakdown in immune tolerance of the prostate and the triggering of 

an autoimmune response in the form of an uncontrolled chronic inflammatory response (HP) 

(AM. De. March 2007; KS. Sfanos 2018). The main type of cells that realize the normal 

immunity of the prostate gland are lymphocytes, but their exact role and place in the 

development of chronic inflammation of the prostate is not yet fully understood (DG. Bostwick 

2014; D. Dikov 2015). Lymphocytes are involved in both normal physiology and prostate 

autoimmunity (DG. Bostwick 2014; D. Dikov 2015). It is believed that under the action of 

various damaging agents, lymphocytic infiltration into prostate tissue goes through several 

phases: initial diapedesis of lymphocytes through the vascular wall of the poscapillary venules 

with subsequent penetration into the prostate stroma and further peri- and intraglandular 

localization with glandular epithelial damage (DG. Bostwick 2014; D. Dikov 2015). 

The incidence of HP varies from 68% - in autopsy series, to 95% and 100% - in TURP and 

total prostatectomies, respectively (NB. Delongchamps 2008; W. Blumenfeld 1992). In the 

only quantitative study to date on prostate EM, performed on materials from needle prostate 

biopsie and total prostatectomy, no statistical test methods were used (L. Cheng 2008). 

   AHP is a common morphological finding both in EM as a stand-alone process (L. Cheng 

2008) and in other prostate diseases such as nonspecific granulomatous prostatitis (NSGP), 

which is often combined with EM, as our studies show. Acute prostate inflammation reflects 
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successive damage by various agents and is part of the so-called mixed (acute and chronic) 

inflammation, which can also be an autoimmune phenomenon. To date, the literature lacks 

quantitative histological examinations with statistical analysis concerning the combination of 

prostate EM and AHP. In our study, EM was combined with AHP in 83.3% of cases. The 

results obtained by us overlap with those of the literature (L. Cheng 2008). The analysis of our 

results shows that there is no statistically significant correlation between the combination of 

EM and AHP (p = 0.502). The results obtained in the study of the Bulgarian group of TURP-

patients show p-value, which is close to the limit. 

   To date, the literature lacks quantitative histological examinations with statistical analysis 

concerning the combination of EM with CHP. CHP is a common morphological finding in the 

human prostate and is closely related to the most important and socially significant diseases of 

the gland - BPH and PCa. There is epidemiological, histopathological and molecular genetic 

evidence that inflammation is crucial for the etiology of these diseases (AM. De Marzo 2007; 

S. Davidsson 2010; PF. Engelhardt 2013; AB. Porcaro 2014; AB. Porcaro 2015; AB. Porcaro 

et al., 2015). CHP is a common morphological finding, both in EM as a stand-alone process 

(L. Cheng 2008) and in other inflammatory diseases of the prostate such as NSGP, which is 

often combined with EM, as indicated in the literature (D. Dikov 2005) and our own research. 

In our quantitative histological examination, EM is combined with CHP in 100% of cases. The 

results obtained by us overlap with those of the literature (L. Cheng 2008). The analysis of the 

results shows that there is a statistically significant correlation between the combination of EM 

and CHP (p = 0.000). Detailing our study, we investigated the combination of EM with CHP 

depending on the degree of its activity. In 70.5% of the cases there is a combination of EM 

with CHP-LS, and in 100% of the cases there is a combination of EM with CHP-HC, which 

indicates that the frequency of EM increases in parallel with the intensity of chronic prostate 

inflammation. There are isolated observations showing varying degrees of association between 

EM and CHP, and our results confirm this relationship (P. Gaudin 1999; D. Dikov 2005; L. 

Cheng 2008). We prove that, like NSGP, the presence of EM in the prostate ductal or acinar 

secretory epithelium is closely correlated with HP and is a mechanism of phenotypic cellular 

adaptation to changes in the prostate due to persistent active inflammation of fluctuating nature 

(D. Dikov 2005). L. Cheng et al. describe EM as a lesion common in HP, representing a host 

response to altered cellular environment (L. Cheng 2008). P. Gaudin et al. described EM in 

benign prostate in 32% of patients with post-radiation PCa therapy, closely related to chronic 

inflammation (P. Gaudin 1999). The connection between chronic prostate inflammation 
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(NSGP) and EM in TURP materials has been proven (D. Dikov 2005; L. Cheng 2008). The 

proven IHC-mixed, both exocrine (PSA + / MUC1 + / pronounced floxinophilia) and 

lysosomal (ACT + / Lamps +) nature of the granules in prostate EM is the third evidence for 

the role of CHP in the pathogenesis of EM. In the context of our IHC results, it can be 

speculated that active compensatory phenotypic changes in EM, expressed by MUC1 secretion, 

occur in intact prostate gland structures, around chronic epithelial lesions. Undoubtedly, they 

are aimed at restoring tissue integrity at the sites of recurrent chronic inflammation. The 

expression of MUC1 in EM suggests that the phenotypically modulated secretory cells in EM 

try to preserve and maintain the lumenization of the tissue structures to which they belong in 

the case of chronic inflammatory damage. The presence of MUC1-expression in EM probably 

reflects a MUC1-associated long-term antigenic stimulation, as described in lymphoepithelial 

lesions in the stomach (C. Taki 2002). De novo-induced expression of MUC1 in EM is 

apparently explained by the protective and immunoregulatory functions of MUC1-

glycoprotein (S. Patton 1995). 

On the other hand, the pronounced expansion of the lysosomal component in the cytoplasmic 

granules of EM is a compensatory response aimed to support the inhibited process of 

intralysosomal degradation that develops in neighboring damaged cells (epithelial or 

macrophages) in which non-degradable lipids accumulate (J O'Connor 2005). 

   To date, the literature lacks quantitative histological examinations with statistical analysis of 

the combination of prostate EM with PEM and BCH. In the present study we found BCH in 

39.3%, and in all cases with BCH there is a combination with EM (100%). In 100% of our 

studied TURP-materials, EM is combined with BPH and CHP. The applied analysis shows a 

statistically significant difference between the frequency of EM and BCH (p = 0.000). The 

statistically significant association of EM with BCH - on the one hand, and with CHP - on the 

other, shows the leading role of chronic prostate inflammation in the development of both 

processes. The frequent association between EM and BCH shows that the two processes are 

interrelated and is evidence that EM is an indirect (phenotypic) epithelial metaplasia (see 

below). 

   In the present study, we found a statistically significant association of EM with UM and with 

SM. Our proven association between EM and other major types of PEM shows that the process 

is diffuse (covering the entire prostate gland), and this combination is often explained by the 

general etiological factor responsible for the development of PEM and CHP, a process known 

to diffusely covers the prostate gland (D. Dikov 2015). 
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   To date, the literature lacks quantitative histological examination with statistical analysis of 

the combination of prostate EM with BPH. We find a high frequency of combination of EM 

with BPH without a statistically significant correlation of the association between the two 

processes. The combination we have proven between EM and BPH and the association between 

CHP and BPH known from the literature shows once again that the main factor for the 

development of EM is chronic prostate inflammation (NB. Delongchamps 2008). On the other 

hand, the frequent combination of EM with BPH is proof that both processes are closely related 

to CHP. 

   To date, there is no quantitative histological examination in the literature with statistical 

analysis of the combination of prostate EM with PCa. We find a high frequency of combination 

with a statistically significant correlation of the association between EM and PCa. Our results 

should be taken with caution because we examine only 6 patients with PCa, which is normal 

and is explained by the rarity of PCa in the transient area of the prostate, which is the subject 

of TURP surgery. On the other hand, the results seem logical, given the long-established 

association and correlation between CHP and PCa (AM. De Marzo 2007; KS. Sfanos 2018).

 Task 6.  

To date, there is no study in the literature supported by statistical analysis of the results on the 

patho- and morphogenesis of prostate EM. There are isolated observations showing varying 

degrees of association between EM and chronic prostate inflammation, and our results confirm 

this association (PB. Gaudin 1999; L. Cheng 2008). In prostate with radiation therapy for PCa, 

EM is observed in areas with normal or atrophic prostate epithelium in 21% to 32% of cases 

(PB. Gaudin 1999). In treatment with a combination of synthetic analogues of luteinizing 

hormone-releasing hormone (LHRH) and antiandrogens (Flutamide) for PCa, in one case, 3-6 

months after therapy, EM is detected and there is atrophy in the surrounding tissue. Têtu 2008). 

The combination of NSGP and EM known from the literature and from our research shows that 

both processes morphologically reflect a state of urinary obstruction due to BPH and the added 

low-grade or high-grade prostate inflammation (D. Dikov 2005). These data, although without 

statistical processing of the results, outline CHP as a major pathogenetic factor for the 

development of EM. Another proof in this direction is the fact that PEM and BCH develop as 

a result of various factors damaging the prostate such as AHP, CHP, prostate infarction, 

radiation therapy, hormone therapy with resorptive inflammation (CD. Petraki 2007). Our 

results provide additional data on the patho- and morphogenesis of EM. Selecting the 

histologically examined by us TURP-patients (without radiotherapy, without hormonal 

treatment and without previous prostate surgery), the data obtained by us show that the main 
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pathogenetic factors for the development of EM is CHP. In a histopathological study of the 

combination of NSGP and EM and in a similar study in the epididymis (VI. Shah 1998), the 

presence of EM was interpreted as intracytoplasmic lysosomal accumulation, which serves as 

a microscopic indicator of ductal obstruction. Perhaps, the high frequency of EM, which we 

find in TURP-materials with BPH, could be explained by this obstructive theory, according to 

which prostate EM develops in places with recurrent chronic cell damage. The so-called acute 

histological prostate inflammation (AHP) is an inflammation with intraluminal localization 

(JC. Nickel 2001). Although without statistical correlation, we often find a histological 

combination between EM and AHP. This association probably reflects the many recurrent and 

consecutive lesions of the causative agent (s) of HP and is part of the so-called mixed (active 

and chronic) inflammation, which can be an immune and autoimmune phenomenon (JC. Nickel 

2001). Our results support the notion that EM around dilated and with chronic inflammation 

of the prostate glands and ducts is a mechanism of phenotypic cellular adaptation to changes 

in the prostate microenvironment due to persistent active inflammation (CHP). 

      To date, there is no study in the literature supported by histological and IHC results 

answering the question: Is EM in the prostate a cellular change or true epithelial metaplasia? 

This is a perfectly reasonable question in the field of general pathology, given that in earlier 

publications the authors used different terms: Paneth cell-like change (MG. Weaver 1992) and 

Paneth cell-like metaplasia (CP. Frydman 1992). Our results clearly show that secretory 

prostate cells with EM are morphologically different from normal secretory prostate cells 

compared to the control group of patients with normal prostate. This difference is significant 

and is visualized microscopically by the presence of eosinophilic cytoplasmic granules in EM. 

The prostate secretory cell changes its normal morphology and its normal phenotype, and we 

believe that this is true epithelial metaplasia, not a cellular change. 

   To date, there is no study in the literature supported by histological and IHC results, 

answering from a general pathological point of view, the question of what is the exact type of 

prostate EM. Throughout the life of the individual, the new and constantly changing conditions 

for the development of mature stem cells lead to frequent metaplastic processes in some organs 

(MP. Herfs 2009). These reversible epithelial replacements are almost always associated with 

chronic inflammation and prolonged tissue irritation. Inflammatory mediators (cytokines) and 

other soluble factors secreted by both epithelial cells and inflammatory cells can alter the 

expression profile of stem cell transcription factor and lead to metaplasia (MP. Herfs 2009). 

Our IHC studies prove that the transient area of the prostate gland increases as a result of the 
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proliferation of p63 + basal progenitor stem cells, as is the case in other organs (M. Jiang 2017). 

Similar to the molecular pathogenesis of Barrett's esophagus, it can be speculated that there is 

activation of specific transcription factors leading to the expression of different metaplastic 

types of genes that lead to EM, which is undoubtedly of indirect type (phenotypic) metaplasia 

Lugo 1984; M. Jiang 2017). EM secretory prostate cells are phenotypically different from 

normal compared to controls in normal prostate patients. The differentiation of cells with EM 

is in a different direction from the normal one and is associated with the appearance of a new 

type of prostate cytoplasmic granules in morphological and phenotypic terms. As additional 

evidence for the indirect nature of EM, we can add the fact that the process is accompanied by 

proliferation of p63 + cambial cell elements from the underlying basal prostate epithelium and 

statistically, EM is correlated with BCH. All these results prove that EM is an indirect type of 

epithelial metaplasia. The morphological imaging of EM, which is a phenotypic epithelial 

metaplasia, is the eosinophilic cytoplasmic secretory granules in prostate cells with EM. These 

characteristic and non-normal cytoplasmic granules can be used as a characteristic, albeit non-

specific, detector of persistent prostate inflammation and are very likely to reflect the onset of 

its autoimmune phase, similar to EM in NSGP, which we have demonstrated in previous 

studies . 

Apart from being a microscopic phenomenon in benign prostate epithelium, the observation of 

EM in the prostate has diagnostic and differential diagnostic value. EM is a relatively common 

histological marker for chronic prostatitis. EM can be used as an additional morphological 

diagnostic sign for the presence of CHP, especially when the interpretation is made in a 

complex and in the relevant epidemiological, clinical and pathophysiological context. 

Knowledge of EM in the prostate enriches the histopathological outlook of the pathologist and 

facilitates his daily efforts to diagnose or morphologically establish chronic prostate 

inflammation. 

 

VI. Conclusions 

 Based on the performed research and discussion of the results, the following 

conclusions can be formulated: 

1. The EM frequency of TURP-material is twice higher than described in the literature of 

another type of prostate material. The mean age of patients with EM of TURP material is 

similar to that found in the literature of other types of prostate material. The clinical symptoms 
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and the mean value of the serum PSA in patients with EM of TURP material are non-specific 

and identical to those of BPH. 

2. The cytoplasmic granules in prostate EM are of different sizes, with mainly focal and ductal 

tissue localization. They are PAS.D positive and show pronounced floxinophilia. The fate of 

granules in EM is their conversion into lipochromic prostate pigment (lipofuscin) and / or their 

phagocytosis by surrounding macrophages. 

3. Benign glandular structures with cytoplasmic pseudoeosinophilia, which mimics 

histologically EM, are observed in the electrocoagulated periphery of the TURP fragments. In 

areas of tissue disintegration associated with laser prostate resection (HOLEP), preservation of 

eosinophilic granular cytoplasmic changes in secretory cells with EM has been observed. 

4. MUC1 is a diagnostic IHC marker for the EM phenotype. Prostate EM is not a form of 

mucinous metaplasia. 

5. Cytoplasmic granules in prostate EM have different size and both exocrine and lysosomal 

character. 

6. EM is combined very often and is in correlation with BCH and with the main types of PEM 

- UM and SM. 

7. Prostate EM is necessarily a pathological finding and does not occur in the normal human 

prostate. From the point of view of general pathology, prostate EM is a true metaplasia, not a 

cellular change, and is an indirect epithelial metaplasia. The pathogenesis of prostate EM is 

closely related to category IV prostatitis. 

 

 

 

VII. Illiation 

The present study is a comprehensive morphological investigation of some lesser known 

fields of non-tumor pathology of the human prostate. 

Through a wide range of classical and modern methods are examined the prostate of a large 

number of patients on TURP-materials - one of the most common in the daily practice of the 

pathologist. 

The tasks set for research and the obtained results are closely related to each other and often 

this was a real problem in their separate presentation in order to comply with the structure 

and consistency of the proposed text. 
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In addition to a detailed morphological description of the observed changes, we tried to 

support them with pictures and statistical results, as well as to give them a morpho-functional 

and clinical-laboratory character for diagnosis and differential diagnosis. 

During the research, dealing at the beginning only with the study of elements of the special 

adaptive and inflammatory pathology of the prostate, we came across many interesting 

questions in the field of general pathology. 

All questions asked in the literature review and in the "Aim and tasks" chapter were 

answered. 

Prostate EM is necessarily a pathological finding in the human prostate. 

Prostate EM is very common on TURP material. 

The clinical symptoms and paraclinical changes in EM are nonspecific and identical to those 

of BPH. 

Prostate EM is combined very often and is correlated with BCH. 

The cytoplasmic granules in prostate EM have different sizes and both exocrine and 

lysosomal character. 

MUC1 is a diagnostic IHC marker for the EM phenotype. 

Prostate EM is true metaplasia, not a cellular change. 

Prostate EM is an indirect epithelial metaplasia and an integral element of category IV 

prostatitis. 

The results of the study outline many prospects for future research. Some of them: 

- detailed statistical study of the relationship of prostate EM with benign lympho-epithelial 

inflammatory lesions in the prostate ducts in NIH category IV prostatitis; 

- role and place of prostate EM in the immune and autoimmune hypothesis for the 

pathogenesis of category IV prostatitis; 

- study of postatrophic prostate hyperplasia with EM and its clinical-laboratory (PSA) 

correlations in patients located in the so-called grenz zone (border zone) of PCa; 

- study, from a general pathological point of view, of the relationship between EM in the 

prostate and acinar-ductal metaplasia (ADM). 

 

VІІI. Contributions 

Contributions of original character 
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1. For the first time a systematic quantitative study of some basic indicators 

(frequency, age) of prostate EM of TURP-material, including a Bulgarian group of 

patients were investigated. 

2. For the first time, the main clinical symptoms and the level of serum PSA in 

patients with EM are studied. 

3. For the first time, a quantitative study of the main indicators (frequency, age and 

main clinical symptoms) of prostate EM is performed. 

4. For the first time, a systematic study of the size of eosinophilic cytoplasmic 

granules in prostate EM is performed and it is proved that they can be of different 

sizes. 

5. The modern definition of prostate EM is expanded: EM is the presence of 

eosinophilic cytoplasmic granules of different sizes in benign prostatic epithelium. 

6. For the first time a systematic topographic study of the localization of EM in the 

transient zone of the prostate gland is performed. 

7. For the first time a systematic and schematic classification of prostate EM with 

regard to its localization is made. 

8. For the first time observation and summary of possible outcomes of the process of 

prostate EM is made. 

9. For the first time it has been proved that - in histochemical aspect, the secretory 

granules in prostate EM contain proteins and carbohydrates. 

10. For the first time, it has been shown that eosinophilic cytoplasmic granules in 

prostate EM express MUC1, which can serve as a reliable IHC marker for the EM 

phenotype. 

11. For the first time, the expression of other mucinous cortical proteins (MUC2, 

MUC5 and MUC6) in secretory cytoplasmic granules in prostate EM was 

demonstrated, proving that EM is not a form of mucinous metaplasia. 

12. It has been shown for the first time that eosinophilic cytoplasmic granules in 

prostate EM express both exocrine (PSA and MUC1) and lysosomal (ACT and 

Lamps) markers, which is evidence of the mixed exocrine and lysosomal nature of 

these granules. 

13. For the first time, from a general pathological point of view, it has been proved 

that prostate EM is an indirect (phenotypic type) metaplasia. 

14. For the first time it is proved that EM is necessarily a pathological finding and is 

not observed in the normal human prostate. 
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15. For the first time, it has been proven that CHP underlie the development of EM 

and BCH, which very often develop together. 

16. For the first time, EM has been shown to be pathogenetically associated with 

NIH-category IV prostatitis (HP). 

17. For the first time, it has been shown that, from a general pathological point of 

view, prostate EM is an indirect epithelial metaplasia. 

Contributions of a confirmatory character 

1. The results obtained by us confirm the average age of patients with EM, described 

in the literature; it is identical regardless of the type of prostate material examined. 

2. Our results confirm histologically the presence of eosinophilic cytoplasmic 

granules in benign epithelium in prostate EM. 

3. Our results confirm histochemically the positivity of cytoplasmic granules in EM 

with PAS and PAS.D. 

4. The results obtained by us confirm the expression of PSA and ACT and the lack of 

expression of chromogranin and synaptophysin in the cytoplasmic granules in 

prostate EM. 

5. The frequent combination of EM with CHP - on the one hand, and CHP with PCa - 

on the other, confirms the role of chronic prostate inflammation in the pathogenesis of 

both processes. 

6. PEM are observed very often in TURP-material. 

7. Prostate EM is true epithelial metaplasia, not a cellular change. 

Scientifically applied and methodological contributions 

1. In order to accurately study the morphological features concerning the cellular and tissue 

topographic characteristics of EM, we created two scales for semi-quantitative histological 

evaluation: the histological distribution of EM (focal and diffuse EM) and the histological 

distribution of EM (EM in single or small groups of cells and EM in large groups of cells). 

2. Based on our qualitative and semi-quantitative studies, we systematically systematize the 

localization of prostate EM: according to the localization in the secretory prostate epithelium; 

according to the localization in the secretory prostate unit (acinus or duct); according to the 

topographic tissue localization in the prostate, according to the microanatomical architectural 

localization in the prostate. 

3. The advantage of standard histological staining HES and HPS for easier tissue 

identification of cytoplasmic granules in prostate EM is demonstrated for the first time. 
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4. For the first time, a tissue artifact mimicking histologically the EM associated with the 

nature of the TURP material is observed. A differential diagnostic algorithm has been 

developed to distinguish true EM from tissue cytoplasmic pseudoeosinophilia. 

 5. For the first time, EM is observed in laser prostate resection material (HOLEP), where 

eosinophilic granular cytoplasmic changes in secretory cells with EM are preserved. 

6. For the first time the algorithmic morphological and IHC criteria for tissue diagnosis and 

differential diagnosis of prostate EM are differentiated. 

7. It has been proven for the first time that, apart from being a microscopic tissue 

phenomenon in benign prostatic epithelium, EM has diagnostic and differential diagnostic 

value in relation to chronic prostate inflammation. 
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