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Abstract

BACKGROUND
Multinucleated giant cells (MGCs) in bladder carcinomas are poorly studied.

AIM
To describe the function, morphogenesis, and origin of mononuclear and MGCs
in urothelial carcinoma (UC) of the bladder in Bulgarian and French patients.

METHODS

Urothelial bladder carcinomas (1 = 104) from 2016-2020 were analyzed retrospec-
tively using immunohistochemical (IHC) and histochemical stain examination.
Giant cells in the bladder stroma were found in 35.6% of cases, more often in high-
grades.

RESULTS

We confirm that MGCs in the mucosa in UC of the bladder were positive for both
mesenchymal and myofibroblast markers (vimentin, smooth muscle actin,
Desmin, and CD34) and the macrophage marker CD68. Furthermore, IHC studies
revealed the following profile of these cells: Positive for p16; negative for
epithelial (CK AE1/AE3 and GATA-3), vascular (CD31), neural (PS100 and C-
KIT), cambial, blastic (CD34-blasts and C-KIT), and immune markers (IG G,
immunoglobulin G4, and PD-L1); no proliferative activity, possess no specific
immune function, and cannot be used to calculate the Combined Positive Score
scale.
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CONCLUSION

In conclusion, the giant stromal cells in non-tumor and tumor bladder can be used as a characteristic and relatively
constant, although nonspecific, histological marker for chronic bladder damage, reflecting the chronic irritation or
inflammation. Likewise, according to the morphological and IHC of the mono- and multinucleated giant cells in
the bladder, they are most likely represent telocytes capable of adapting their morphology to the pathology of the
organ.

Key Words: Multinucleated giant cells; Telocytes; Urothelial bladder carcinoma; Immunohistochemical; Vimentin; Smooth
muscle actin; Desmin; CD34; CD68; p16; Algorithm; PD-L1; Chronic inflammation

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Based on our results and data from the literature, we have developed and proposed an algorithm of histological,
histochemical, and immunohistochemical (IHC) criteria, and also a generalized algorithm for the differential diagnosis of
multinucleated giant cells (MGCs) in bladder urothelial carcinoma and benign or malignant lesions of other visceral organs.
According to the data obtained by us in the morphological and IHC study, MGCS are modified telocytes. The reason for this
modification is the chronic damage to the bladder mucosa (regardless of the etiological factor), which leads to the fusion of
telocytes and their transformation into multinucleated cells. At the same time, they lose C-kit expression, penetrate
phagocytic function, and begin to express pl6, which is, as described in detail above, a sign of cellular aging.

Citation: Gulinac M, Velikova T, Dikov D. Multinucleated giant cells of bladder mucosa are modified telocytes: Diagnostic and
immunohistochemistry algorithm and relation to PD-L1 expression score. World J Clin Cases 2023; 11(26): 6091-6104

URL: https://www.wjgnet.com/2307-8960/full/v11/i26/6091.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i26.6091

INTRODUCTION

The lamina propria of the bladder consists of connective tissue, rich in different types of cells, nervus and blood vessels.
In the subepithelial layer of cells, fibroblast and macrophage-like immunohistochemical and morphological structures
were also identified, called by different authors by different names, such as interstitial cells, interstitial cells of Cajal,
interstitial cell-like Cajal, fibroblast-like cells[1,2]. Some study from Bucharest in 2005 discovered a brand-new entity of
interstitial cells in various organs, and they named them telocytes[3-5].

Since 2007, telocytes are still the subject of debate about their role. Their morphological structure resembles mostly that
of Cajal interstitial cells.

In summary, we believe that it is more reasonable in the present study to determine the exact identification of these
cells to use the terms: Mononuclear and multinucleated giant cells (MGCs) present in the connective tissue of the bladder
wall in neoplastic and inflammatory processes.

The presence of more or less atypical mono- or MGCs resembling fibroblasts is a relatively common but poorly
described finding in the vesical lamina propria[6,7]. Such cells can also be observed relatively frequently in bladder
biopsies without an inflammatory context[8]. In a large number of cases, these cellular changes are nonspecific. They are
observed in 1/3 (33%) of autopsy cases with chronic cystitis[9].

When MGCs are presented in large numbers, in non-tumor pathology cases, the term “giant cell cystitis” has been used
in the past[8-10]. However, such cellular changes are now observed under the influence of radiation, chemotherapy|[6,11-
14], and around tumors[10,11]. Similarly, giant cells can occur in various benign mesenchymal tumors and the stroma of
some epithelial benign gynecological lesions[8].

Urothelial carcinoma (UC) of the bladder is a multifactorial disease characterized by an aggressive course, frequent
recurrences, and high mortality worldwide. The morphology of C-KIT bladder carcinoma is well known. Still, its stroma
is insufficiently studied. Moreover, some of its components, such as mononuclear giant cells and MGCs, are almost
unknown[15]. To date, the literature lacks detailed histoepidemiological, morphological, and immunohistochemical (IHC)
studies of the immunophenotype and morphogenesis of MGCs in the mucosa and the stroma of the bladder. At the same
time, in the non-tumor bladder, this question is insufficiently studied. These questions and difficulties, which
pathologists, urologists, and oncologists are exposed to, motivated us to study these problems in more depth, using
materials from two geographically different countries-Bulgaria and France.

Our study aimed to establish the function, morphogenesis, and origin of mononuclear giant cells and MGCs in the
stroma of UC of the bladder in patients” samples, as well as to compile a proper differential-diagnostic algorithm from
histological, histochemical, and IHC criteria for the diagnosis of MGCs observed in the stroma of the UC of the bladder.
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MATERIALS AND METHODS

Patient samples

We examined 104 cases of UC (91 samples of Bulgarian patients and 13 samples of French patients) from the tissue
database of University Hospital “St. George” Plovdiv, Bulgaria and Grand Hospital de I'Este Francilien, Jossigny, France,
and reviewed the period from 2016 to 2020. All analyzed patients in this study have been diagnosed with invasive or non-
invasive high-grade (HG) and low-grade (LG) UCs of the bladder.

The materials were divided into two main groups, where all cases of bladder UC studied in this study were primarily
diagnosed: 1+ group-28/104 cases with non-invasive bladder UC; 2™ group-76/104 cases with invasive LG and HG UC of
the bladder.

In the quantitative examination of the MGCs in the stroma of the UC of the bladder, an autopsy of the bladder mucosa
in 10 patients was used for external negative control.

Four control groups of patients with different types of cystitis without concomitant tumor pathology were also used.
MGCs were detected in 7/9 cases with eosinophilic cystitis, in 5/5 cases with polypoid cystitis, in 3/5 cases with
follicular cystitis, and in 3/3 cases with radiation cystitis.

Including and excluding criteria

Including criteria: (1) Autopsy bladder wall (mucosa) of patients who died of neurological diseases in a hospital setting.
The mean age of the patients was 68.9 years (ranging from 45 to 90 years), equally distributed as men and women; and (2)
Normal macroscopic bladder at autopsy.

Excluding criteria: (1) Autopsy cases in which there was no evidence of pre-death radiation therapy in the genital area,
bladder, or rectum; (2) Autopsy cases in which there was no evidence of chemotherapy in the genital area, in the area of
the bladder or rectum; (3) Autopsy cases with optimally preserved and fixed bladder mucosa with minimal or zero
postmortem autolysis; and (4) Autopsy cases in which no significant acute or chronic inflammatory infiltrate or tumor
proliferation was observed histologically.

Histological analyses

Histological processing of the tissues was performed using automatic tissue processor “DIAPATH EN ISO 9001:2000”
and 4-5 pm formalin-fixed paraffin-embedded tissue sections underwent routine staining with hematoxylin-eosin (H&E)
to determine the presence of individual histological features.

The ITHC examination was performed under the standard protocols of the manufacturer. The antibodies used are from
Dako Denmark A/S & Dako Carpinteria, California.

From each paraffin block of 104 cases with UC of the bladder, the stroma containing MGCs, serial sections with a
thickness of 4 pm were made, mounted on adhesive slides. Then, the sections were dewaxed and rehydrated to alcohols
in descending concentration. Flushing was performed with BondTM Wash Solution according to the instructions for use.
The IHC examination was performed according to the manufacturer’s instructions using a Novolink Polymer Detection
System. Reactions have been reported positive in the presence of brownish staining of cellular structures. In addition, an
IHC positive expression was observed in different cell areas, depending on the location of the desired antigen.

Counter-staining of the nuclei was performed with Mayer’s hematoxylin.

The positive external control was selected following the manufacturer’s instructions. The negative external control for
each antibody was performed according to a standard IHC procedure without dripping the test antibody.

The following monoclonal antibodies, summarized in Table 1, were used to implement the IHC examination
(Department of Pathology, Grand Hoépital de I’Est Francilien, Jossigny, France and Department of Clinical Pathology of
St. George Hospital EAD-Plovdiv).

Statistical analysis
Statistical analysis was performed with the software package for statistical analysis (SPSS®, 92 IBM 2009, version 19) using
descriptive statistics and dispersion analysis (ANOVA). We considered the results as significant if P < 0.05.

RESULTS

The analyzed 104 patients in our study were diagnosed with proven UC.

Quantitative histo-epidemiological study of MGCs in the stroma of the bladder UC
The quantitative study of the MGCs in the stroma of the UC and the surrounding lamina propria was performed by the
methods of descriptive statistics in 104 cases (n = 104). Of the total number of patients samples (Bulgarian and French),
we found the presence of mono-, bi- and multinucleated giant fibroblast-like stromal cells in the stroma of the UC and the
surrounding mucosal lamina propria in 37/104 (35.6%) of the cases while in 67/104 (64.4%) of the cases such cells were
not detected.

In 25/37 cases (67.6%) with giant stromal cells, patients with UC were from Bulgaria. In 12/37 cases (32.4%) with giant
stromal cells, patients with UC were from France.
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Table 1 Antibodies used in the immunohistochemical examination

Monoclonal antibodies Suppliers Dilutions
CD31 Dako 1:50
CD34 Dako 1:50
CD34 blasts Dako 1:100
CD10 Dako 1:50
CD68 Dako 1:100
CD45 Dako 1:300
CD1A Dako 1:300
P-S100 Dako 1:200
CD117 (C-KIT) Dako 1:100
P16 Dako 1:25
Smooth muscle actine Dako 1:100
DESMIN Dako 1:100
VIMENTIN Dako 1:100
Ki-67 Dako 1:100
CK AE1/AE3 Dako 1:100
IG G4 Dako 1:100
GATA3 Ventana 1:100
PD-L1 (22C3) Dako 1:50

In the Bulgarian sample of patients, we observed giant cells in 27.5% of cases. In the French sample of patients, giant
cells were found in 92.3%, while in 7.7% of them-no giant stromal cells were detected. Giant stromal multinucleated cells
were not detected in any of our normal autopsy bladder control autopsies.

It is noteworthy that there was a difference in the presence of giant stromal cells in the lamina propria in UC of the
bladder, according to the geographical origin of the material: giant stromal cells were more commonly found in the
stroma of UC of the bladder in the French patient group (92.3% vs 27.5%, in the French materials and Bulgarian materials,
respectively, P < 0.001).

Quantitative histo-epidemiological study of giant cells in the stroma of UC of the bladder in correlation with tumor
grading

The comparative analysis between the grading of the UC, according to the WHO 1973, and the presence of giant cells in
the stroma of the bladder lamina propria showed the following results. Giant cells were found: (1) In well-differentiated
UC (G1)-in 6/37 of cases (16.2%); (2) in moderately differentiated UC (G2)-in 17/37 of cases (45.9%); and (3) in poorly
differentiated UC (G3)-in 14/37 of cases (37.8%).

The analysis of the results mentioned above showed that giant fibroblast-like cells in the stroma of the UC of the
bladder and the surrounding lamina propria, in most cases, were found in moderately and poorly differentiated UC (G2/
G3). Regarding this trend, the analysis reported marginal statistical significance (P = 0.056). A comparative analysis
between the gradation of UC of the bladder, according to the WHO 2016, and the presence of giant cells in the stroma of
the mucosa lamina propria found that MGCs were present in 27/37 (73%) cases of HG UC and 10/37 (27%) of the cases of
LG UC. The results are graphically presented in Figure 1.

The data analysis showed a statistically significant correlation between the grading of UC according to the WHO 2016
and the presence of giant stromal cells in the stroma of UC of the bladder and the surrounding lamina propria. This
association was weak (coefficient of correlation, r = 0.202, P = 0.039).

Quantitative histo-epidemiological study of giant cells in the stroma of the bladder in correlation with the stage of the

tumor invasion

During the comparative analysis between the stage of UC of the bladder and the presence of MGCs in the stroma and the
surrounding lamina propria, the following associations were established: (1) In pTa stage (non-invasive) of bladder UC,
the presence of MGCs in the stroma was found in 8/37 cases (21.6%); (2) in pT1 stage of bladder UC, the presence of
MGC:s in the stroma was detected in 16/37 cases (43.2%); (3) in pT2a stage of bladder UC, the presence of MGCs in the
stroma was detected in 10/37 cases (27.0%); (4) in pT2b stage of bladder UC, the presence of MGC in the stroma was
observed only in 1/37 (2.7%) cases; (5) in stage pT3a of UC, the presence of MGCs in the stroma was detected only in 1/
37 of cases (2.7%); and (6) in the pT4a stage of bladder UC, the presence of MGCs in the stroma was found in 1/37 cases
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Figure 1 Presence of giant stromal cells in correlation with bladder urothelial carcinoma grading. According to World Health Organization 2016.

(2.7%).

The descriptive analysis and chi-square (y?) test showed no significant correlation between the stage of UC of the
bladder and MGCs in its stroma (P = 0.874). However, there was a tendency for a progressive increase in the number of
MGCs with an increasing degree of tumor invasion, peaking in the pT1 stage in the UC of the bladder. These consider-
ations are graphically reflected in Figure 2.

Histological examination of giant cells in the stroma of the bladder

Conventional histological examination: Morphologically, on conventionally stained histological specimens, the giant
cells in the stroma of the UC and the surrounding lamina propria were large-from 10 pm to 20 pm and star-shaped. Their
cytoplasm was eosinophilic and sparse, with the presence of long cytoplasmic growths. The nuclei were rounded,
hyperchromatic, and multilobulated, sometimes more or less atypical, but no mitotic figures were observed (Figure 3A).
Thus, we have obtained the tissue context in which the MGCs were located in the stroma of the UC or the surrounding
lamina propria-stromal fibrosis with congestion and edema and with more or less pronounced lymphoid inflammatory
reaction-to the presence of tertiary lymphoid structures (Figure 3B).

IHC examination: We performed an IHC examination of 37 cases with the presence of MGCs in the stroma of UC of the
bladder. The obtained results were identical in all cases studied. The MGCs in the stroma and the surrounding mucosa in
the UC of the bladder were positive for vimentin (Figure 4A). Cytoplasmic growths of MGCs in the bladder mucosa were
positive for CD34 (Figure 4B). Some of the growths of MGCs in the bladder mucosa were positive for smooth muscle
actin (Figure 4C). MGCs in the bladder mucosa were found positive for the macrophage marker CD68 (Figure 4D).

MGC:s in the bladder mucosa were negative for the vascular endothelial marker CD31 (Figure 5A), the mesenchymal
myofibroblast marker CD10 (Figure 5B), the mast cell, and neural marker C-KIT (Figure 5C). At the same time, it should
be noted that in all the cases we have examined, the inflammatory infiltrate that accompanied giant cells was rich in mast
cells and was found C-KIT-positive. This, in turn, was in favor of degranulated mast cells (Figure 5D); Giant cells were
also positive for the stress marker p16 (Figure 5E). MGCs in the bladder mucosa were negative for the allergic marker
immunoglobulin G4 (IG G4) (Figure 5F).

MGC:s in the bladder mucosa are also negative for IHC markers: CKAE1/AE3, CD34-blast, Ki-67, GATA3, PD-L1,
CD45, and CD1A, as well as for histochemical staining of Perls (Figure 6).

The results of our IHC examination are summarized in Table 2.

Algorithm for differential diagnosis of MGCs

Based on the above results, we propose a generalized algorithm of histological, histochemical, and IHC-criteria for the
diagnosis of MGCs observed in the stroma of UC of the bladder: MGCs, except in chronic cystitis and other bladder
lesions, are localized in the stroma of the bladder carcinoma and the surrounding lamina propria. MGCs are 10 to 20 pm
in size and star-shaped.

Their cytoplasm is eosinophilic and sparse, with the presence of long cytoplasmic growths.

The nuclei are rounded, hyperchromatic, and multilobulated, sometimes more or less atypical, but no mitotic figures
are observed.

Histochemically, MGCs are negative for Perls staining. Immunohistochemically, MGCs are positive for mesenchymal
and myofibroblast markers (vimentin, smooth muscle actin, Desmin, and CD34), for the macrophage marker CD68, and
the marker of cell aging and degeneration p16.

This diagnostic algorithm is presented in Figure 7. To make a definite diagnosis, all of the criteria should be met.

Based on our results, the above diagnostic algorithm, we also propose an algorithm for the differential diagnosis of
MGC:s in the bladder’s UC. It should be done with MGCs in “specific” types of cystitis, e.g., in tuberculosis, in xantho-
granulomatous cystitis, after bladder surgery, in the presence of surgical sutures or other foreign bodies; with MGCs in
radiation cystitis; with multinucleated giant tumor cells in the stroma of the UC “in situ” or with invasive UC containing
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Table 2 Inmunohistochemical-phenotype of multinucleated giant cells in the stroma of the urothelial carcinoma and the surrounding

vesical lamina propria

IHC antibodies Expression
VIMENTIN +
SMA +
DESMIN +
CD34 +
CD68 +
P16 +
CK AE1/AE3 -
CD31 .
PS100 -

C-KIT (CD117) =
CD34BLAST -
KI-67 .
IGG =
PD-L1 .
GATA3 =
CD10 =
CD45 .

CDI1A -

THC: Immunohistochemical.

m No giant cells Giant cells

46.30%
43.20%
o
£129.90%
[ 27.00%
2
= 21.60%
] 19.40%
o
2.70% 2.70% 2.70%
1.50% | 1.50% | 1.50% |
-— — —
pTa pT1 pT2a pT2b pT3a pT4a

DOI: 10.12998/wjcc.v11.i26.6091 Copyright ©The Author(s) 2023.

Figure 2 Presence of multinucleated giant cells correlated with the TNM-stage. A tendency for a progressive increase in the number of multinucleated
giant cells with an increasing degree of tumor invasion, with a peak in the pT1 stage in urothelial carcinoma of the bladder, is observed.

giant tumor cells; with MGCs especially those seen in mesenchymal tumors of the bladder; with MGCs observed in the
stroma of some benign tumor processes of the female genital tract.

DISCUSSION

The presence of isolated giant cells is a rarely observed and poorly studied phenomenon in human pathology.
Furthermore, very few articles have been published in the English-language literature related to describing these cells
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Figure 3 Conventional histological examination of urothelial carcinoma of the bladder. A: Presence of atypical mono-, bi- and multin urothelial
carcinoma (UC) leated giant fibroblast-like stromal cells (arrow) in the vesicular lamina propria adjacent to non-invasive papillary low-grade (LG) UC. A nonspecific
stromal inflammatory response rich in plasma cells and eosinophilic leukocytes accompany them. hematoxylin-eosin, 400 x; B: Presence of multinucleated giant cells
in the bladder lamina propria (arrow) in close proximity to tertiary lymphoid structures of type 2 and 3 (2" and 3" degree) and with non-invasive papillary LG UC.
hematoxylin-eosin, 100 x.

SPUAL

DOI: 10.12998/wjcc.v11.i26.6091 Copyright ©The Author(s) 2023.

Figure 4 Inmunohistochemical examination of urothelial carcinoma of the bladder. A: Presence of two pericapillary multinucleated giant cells
(MGCs) in the mucosa that were vimentin-positive (arrow). Immunohistochemical (IHC), VIMENTIN x 630; B: Presence of several pericapillary MGCs in the mucosa,
which were CD34 + positive (arrow); the cells in the wall of the surrounding capillaries served for internal positive control. IHC, CD34 x 400; C: Presence of two
pericapillary MGCs in the mucosa, the growths of which were positive for smooth muscle actin (arrow); the cells in the wall of the surrounding capillaries served as an
internal positive control. IHC, SMA x 400; D: Presence of several MGCs in the mucosa whose cytoplasm was positive for the macrophage marker CD68 (arrow);
mononuclear macrophages the context of the inflammatory infiltrate served as an internal positive control. IHC, CD68 x 400.

with different localizations, as those in the bladder are single.

To date, the literature lacks a detailed histo-epidemiological study of giant cells in the stroma of bladder UC. In our
study, the quantitative results for the giant cells in the stroma of the UC and the surrounding lamina propria were
obtained in 104 cases. Of the total number of patients samples (Bulgarian and French contingent), we found the presence
of mono-, bi- and multinucleated giant fibroblast-like stromal cells in the stroma of the UC and the surrounding mucosal
lamina propria in 37/104 (35.6%) of cases, while in 67/104 (64.4%) cases such cells were not detected. These results are
similar to the results obtained by other authors and other types of material. Furthermore, it was demonstrated that
stromal cell changes are nonspecific and occur in 1/3 of autopsy cases with chronic cystitis[6,10].

Using correlation analysis by the method of y? test in relation to the geographical origin of the studied materials, we
found that in the Bulgarian samples of patients with bladder UC, the number of cases with the presence of giant stromal
cells was higher than in the samples of French patients [25/37 (67.6%) vs 12/37 (32.4%)]. It is noteworthy that there was a
difference in the presence of giant stromal cells in the bladder lamina propria in UC, according to the geographical origin
of the material: giant stromal cells were more often presented in the stroma of UC of the bladder in the French patients-in
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Figure 5 Inmunohistochemical examination of urothelial carcinoma of the bladder. A: Presence of several pericapillary multinucleated giant cells
(MGCs) in the mucosa, which were CD31-negative (arrow); the endothelial cells of the surrounding capillaries served for internal positive control.
immunohistochemical (IHC), CD31 x 400; B: Presence of several pericapillary MGCs in the mucosa, which were CD10-negative (arrow). IHC, CD10 x 400; C: The
presence of two pericapillary MGCs in the bladder’'s mucosa, which were found negative for C-KIT (arrow); positively labeled pericapillary mast cells were used for
internal positive control. IHC, C-KIT x 630; D: MGCs in the bladder mucosa were always accompanied by many pericapillary C-KIT positive mast cells. IHC, C-KIT x
630; E: Giant cells were p16-positive (arrow). IHC, p16 x 400; F: Presence of two pericapillary MGCs in the mucosa that are negative immunoglobulin G4 (IG G4) for
|G G4; several positively labeled pericapillary plasma cells were used for internal positive control. IHC, IG G4 x 630.

92.3% (12/13), compared to 27.5% (25/92) in the Bulgarian samples (P < 0.001).

To date, there is no histo-epidemiological study of giant cells in the bladder UC stroma in correlation with tumor
grading in the literature. Our results showed a borderline statistically significant correlation (P = 0.056) between the
presence of giant cells in the stroma of the bladder UC and tumor grading, according to the WHO, 1973. MGCs in the
stroma of the bladder and the surrounding lamina propria, in the majority of cases, were found mostly in moderately and
poorly differentiated UC (G2/G3, according to WHO, 1973).

Our results showed a correlation between the presence of MGCs in the stroma of the bladder UC with tumor grading,
according to the WHO, 2016 (P = 0.056). MGCs in the stroma of the bladder and the surrounding lamina propria, in the
majority of cases, were found in the UC with a high malignant potential of malignancy (HG) according to WHO, 2016.

There is also a strong correlation between tumor grades in both WHO 1973 and WHO 2016 classification systems (r =
0.809, P <0.001).

However, only one observational study demonstrated the presence of MGCs in the stroma of the bladder. Still, there
was no quantitative statistical analysis in that study[16]. This study established that the amount of giant stromal cells in
the bladder mucosa increased in intimate connection with the stromal inflammatory response and its intensity[16]. There
is no histo-epidemiological study of the giant cells in the stroma of the bladder UC in correlation with the stage of the
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Figure 6 Inmunohistochemical examination of urothelial carcinoma of the bladder. A: Multinucleated giant cells (MGCs) with a negative expression
for CK AE1/AE3, a positively marked LG urothelial carcinoma served for internal positive control. immunohistochemical (IHC), CK AE1/AE3 x 200; B: MGCs lacking
expression for CD34 blast- (arrow), the surrounding capillaries served as an internal positive control. IHC, CD34blast x 400; C: MGCs were negative for Ki-67-
(arrow), mononuclear inflammatory cells served as an internal positive control. IHC, Ki-67 x 630; D: MGCs were negative for GATA3- (arrow), for internal positive
control serves the surrounding urothelial mucosa. IHC, anti-GATA3 x 400; E: MGCs with negative expression for PD-L1 (arrow). IHC, anti-PD-L1 x 400; F: MGC was
negative for CD45 (arrow). IHC, CD45 x 200; G: MGCs were negative for CD1A (arrow). IHC, CD1A, x 200; H: Giant cells were negative for Perls staining (arrow).
Perls, x 200.
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Localized in the stroma and the surrounding tissue
10 ym to 20 pm in size and star-shaped

Cells in the stroma Eosinophilic and sparse cytoplasm, long cytoplasmic growths
of urothelial

carcinoma of the Negative for Perls staining on HC MGCs
bladder

Hyperchromatic, multilobulated, more or less atypical, rounded
nuclei; no mitotic shapes

Positive for vimentin, smooth muscle actin, Desmin, CD34,
CD68, p16 on IHC
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Figure 7 The algorithm for diagnosis multinucleated giant cells in the stroma of a tumor and non-tumor bladder. IHC: Immunohistochemical;
MGC: Multinucleated giant cell.

tumor in the TNM system in the literature.

Our results did not find a significant correlation between the stage of bladder UC and the presence of MGCs in its
stroma (P = 0.874). However, there was a tendency for a progressive increase in the number of multinucleated giant
stromal cells with an increasing degree of tumor invasion, with a peak in the pT1 stage. Ohtsuki et al[16], in the only
publication on the presence of MGCs in the stroma of UC of the bladder to date, showed that the amount of giant stromal
cells in the mucosa in case of UC of the bladder increased in parallel with the intensity of the stromal inflammatory
response. However, the investigators did not perform a precise quantitative study and did not address the extent of
tumor invasion[16].

Our results demonstrated that morphologically, on conventionally stained histological specimens, the MGCs in the
stroma of the UC of the bladder and its surrounding lamina propria had large sizes-from 10 pm to 20 um and were star-
shaped. Their cytoplasm was eosinophilic and sparse, with the presence of long cytoplasmic growths. The nuclei were
round, hyperchromic, and multilobular, sometimes more or less atypical, but without mitoses. According to the literature,
in cases of bladder UC in which giant cells were found in the stroma, there was also a pronounced inflammatory stromal
reaction[6-8,10]. In line with this, giant multinucleated stromal cells can be observed relatively frequently in bladder
biopsies without an inflammatory context[8]. Still, they are most often associated with chronic inflammation. These
stromal cell changes are nonspecific and occur in 1/3 of autopsy cases with chronic cystitis[10]. Similar giant stromal cell
changes also occur under the influence of radiation or chemotherapy[6,11-13].

According to the literature, there is only one study with IHC examination of the MGC in the stroma of the UC[16].
From the only study so far it is known that the IHC profile of the giant stromal cells in the bladder mucosa in the urinary
tract is: Vimentin/+/; MB 2/+/; Ki-67/-/; HLA-DR/-/[16]. The same authors added the following parameters, which are
sometimes positive-smooth-muscle actin; CD6; and S-100 (+) (in individual cases)[16]. Ultrastructurally, giant stromal
cells in the bladder mucosa in urinary UC showed superficial, focal aggregated short cytoplasmic growths[16]. The
authors believe that giant stromal cells in the bladder mucosa are multipotent mesenchymal cells (CD34/+/; E-cadherin/
+/) without mitotic activity (Ki-67/-/), having both fibroblast (Vimentin/+/) and histiocyte (CD68/+/) phenotype
localized in the immediate vicinity of the tumor[16]. Besides, they conclude that the giant stromal cells in the bladder
mucosa were most likely a result of the fusion of mononuclear stromal cells[16].

In a recently published clinical case of bladder leiomyosarcoma detected two months after histological verification as
LG UG, Fiorentino et al[17] observed osteoclast-like giant multinucleated cells in the tumor stroma having the IHC
phenotype of cells of non-tumor origin. The authors hypothesize that giant multinucleated cells are most likely to be
regenerative mucosal muscle cells or stromal myofibroblasts. We confirm that MGCs in the mucosa in UC of the bladder
were positive for both mesenchymal and myofibroblast markers (vimentin, smooth muscle actin, Desmin, and CD34) and
the macrophage marker CD68. Similar results were obtained in the sole publication concerning giant cells in UC and a
non-tumor context[16]. Besides, the results obtained by us complement the IHC profile of these cells. Furthermore, they
were positive for the stress marker p16, which supports their degenerative nature. Giant cells were negative for epithelial
(CKAE1/AE3 and GATA-3), vascular (CD31), neural (PS100 and C-KIT), cambial, blastic (CD34-blasts and C-KIT), and
immune markers (IG G, IG G4 and PD-L1). They did not show proliferative activity, confirmed by the absence of mitoses
and the negativity of the proliferative marker Ki-67. In addition, giant cells were PD-L1 negative, had no specific immune
function, and could not be used to calculate the Combined Positive Score (CPS) scale.

Recognition and correct interpretation of MGCs are necessary and crucial for an accurate diagnosis. Misinterpretation
of these abnormal cells as malignant can lead to misdiagnosis and potentially lead to inappropriate treatment. To date,
there is no established and structured algorithm in the literature concerning the diagnosis and differential diagnosis of
MGCs observed in the stroma of bladder UC.

Based on our results and data from the literature, we have developed and proposed an algorithm of histological,
histochemical, and IHC criteria, detailed in the results section. In addition, based on our results, the above diagnostic
algorithm, and the data in the literature, we also offer a generalized algorithm for the differential diagnosis of MGCs in
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bladder UC and benign or malignant lesions of other visceral organs.

Giant cell cystitis: MGCs in “specific” types of cystitis, e.g., in tuberculosis, in xanthogranulomatous cystitis, after
bladder surgery presence of surgical sutures or other foreign bodies. In these cases, the cells have a macrophage genesis,
and they are of the Langhans type, the Tuton type, or a foreign body type. They are always combined with granuloma-
forming epithelioid cells with or without necrosis. For this reason, the term “giant cell cystitis”[8] is now considered an
obsolete term[8].

Radiation cystitis: MGCs in radiation cystitis-the cells and their surrounding histiocytes contain very often the
cytoplasmic pigment hemosiderin, while in the stroma of the UC, the similar giant cells are negative for Perl’s staining.

Mesenchymal tumors of the urinary bladder: It is necessary to make a differential diagnosis with mesenchymal tumors
of the bladder when MGCs are numerous and in the form of small groups[8]. Unlike sarcomas and other mesenchymal
neoplasms, giant multinucleated cells in the bladder mucosa have no mitotic activity, probably because they reflect
degenerative cellular changes[6].

Female reproductive system: MGCs may be observed in the stroma of some benign tumor processes of the female
genital tract, e.g., fibroepithelial vaginal polyp[8]. Still, there, of course, the localization is different. Nevertheless, from a
general pathological perspective, our results and conclusions are fully comparable with previously reported data from
other research teams concerning morphologically similar cells in other visceral organs.

Breast: Rosen PP first described MGCs in breast tissue in 1979[18]. He found that the presence of MGCs did not pose a
risk factor for malignant degeneration of the lesion. Similar findings were described by Heneghan et al[19] and Ryska et al
[20] in breast fibroadenoma. Tissue foci containing these atypical giant cells were located in otherwise normal areas of the
mammary gland. Therefore, Heneghan et al[19] conclude that these cells are most likely to arise due to a possible recovery
process. Subsequently, atypical giant cells have been described in several other breast lesions, raising an exciting differ-
ential diagnosis, mainly benign processes/Lesions, and sometimes connected with neoplastic diseases. However, the
pathogenesis of giant cells in breast tissue remained unclear[19,21].

Digestive tract: Sachak et al[22] make a morphological and IHC study for the first time to evaluate giant stromal cells in
the gastrointestinal tract. They found that giant stromal cells result from a reactive/regenerative process, given that they
are most commonly seen in reflux and chemical/reactive gastropathy. Therefore, the authors hypothesize that MGCs are
most likely to be regenerative mucosal muscle cells or stromal myofibroblasts[22].

Soft tissues: The presence of MGCs in other benign tumors, including pleomorphic lipomas, leiomyomas and fibroma,
schwannomas, and in some variants of dermatofibromas with atypical cells, have also been described[23].

To date, in the literature, the morphogenesis of giant cells in the bladder mucosa has been poorly studied. Epstein et al
[6] believe that MGCs in the bladder mucosa represent degenerative cellular changes[22]. Ohtsuki et al[16] believe that
MGCs in the vesical mucosa result from the fusion of mononuclear stromal cells. This hypothesis is also confirmed by the
only ultrastructural study to date, which shows that multinucleated cells result from the fusion of mononuclear cells
under conditions of chronic inflammation or irritation[16,24].

Our results support the opinions of the authors cited above. Like the other investigators who studied giant stromal
cells in non-tumor and tumor bladder, we believe that MGCs in the bladder mucosa in UC are pluripotent cells with
mesenchymal, myofibroblast, and histiocyte origin at the same time. Our IHC results also showed that the giant cells in
the bladder UC have no hematogenous origin (CD45/-/), and no analogy should be made with morphologically similar
dermal dendrocytes. We also found that the giant cells we studied in bladder UC were not similar to the Langerhans
dendritic histiocytes known from the skin and lymph nodes (PS100 /-/ and CD1A /-/).

Besides, the IHC studies revealed a simultaneous expression of the marker of cellular aging and p16 degeneration,
which supports theory of Epstein et al[6] for a degenerative cellular phenomenon. It is known that in addition to being an
IHC marker of human papillomavirus infection, p16 is an IHC indicator of cellular stress and aging[25]. The use of p16 in
clinical practice as a marker of biological aging can provide a quantitative measurement of chemotherapeutic tolerance
and the “suitability” of the patient’s immune system.

According to the literature, the latter has been used as an assessment prior to organ transplantation to identify
biologically “younger” donor tissues with increased potential for successful outcomes and survival[25]. LaPak and
colleagues pointed out several pieces of evidence that p16 is not only a biomarker of aging but also a cause of aging in
many cell types[25]. Using p16-transgenes mice, the cell-autonomous role of p16 in cellular aging was demonstrated. In
the mouse hematopoietic stem cells, T cells, pancreatic B-cells, and neural progenitors of the subventricular area, p16
expression denotes a decrease in regenerative capacity.

These data also support the hypothesis that pl6 expression denotes cellular aging, which leads to a decrease in
regenerative potential[25]. Since the discovery of p16 more than 20 years ago, numerous scientific studies on its
regulation and function have proven its complex nature. The role of p16 extends beyond cell “aging” and tumor
pathology[25,26].

Induction of p16 during these highly proliferative processes is thought to be crucial for maintaining proper tissue
homeostasis. However, it is not yet clear whether the same signals that trigger p16 expression under physiological
conditions play a role in the process of tumorigenesis or aging[25].

For the first time, we showed the expression of p16 in giant stromal cells outside the context of granulomatous inflam-
mation. This phenomenon’s probable explanation is the persistent mucosal irritation leading to this protein’s expression
in an attempt to find an optimal thermodynamically and biochemically metabolic formula for stromal cells “exhausted”
by chronic cellular stress. Similar “dynamic induction” in p16 expression is observed in other processes and other organs:
involution of the glandular parenchyma of the breast, wound healing, nerve regeneration, and chronic inflammation[24,
25].

From a pathogenetic point of view, we believe that giant stromal cells in non-tumor and tumor bladder represent a
degenerative cellular phenomenon reflecting chronic mucosal bladder irritation (mechanical, chemical, or tumor in
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nature) and chronic mucosal inflammation. Moreover, we observed a significant correlation between these cells” presence
and the degree of tissue damage (tissue stress). From an oncological perspective, our results show that giant stromal cells
in bladder UC are part of the stromal tumor response, although nonspecific and non-immune. This giant cell reaction is
probably due to chronic mucosal irritation. It correlates with malignancy and the degree of tumor infiltration. In addition
to the above considerations, the positive expression of p16 observed by us is further evidence of the histiocytic nature of
the giant cells in the stroma of the bladder UC. In support of this, it is known from the literature that histiocytes and their
derived tumor lesions are p16 positive.

Our results also confirm the conclusion given by Cretoiu et al[4] that telocytes, depending on their location, may exhibit
different immunohistochemical properties depending on the location and the role that these cells may play, some of
which may be common to the various organs and others to be specific to a given organ, such as the bladder. As for the
immediate morphogenetic mechanism of this cellular phenomenon, we believe, like other authors, that it is a matter of
fusion of mononuclear histiocyte, fibroblast-like cells under conditions of chronic irritation. Thus, from the perspective of
general pathology, the morphogenesis of giant stromal cells in bladder UC reflects the phenomenon of cell fusion under
conditions of chronic tissue stress (chronic irritation or inflammation). Also, telocytes can exhibit different immunohisto-
chemical properties and ultrastructural features and form contact with each other or with other cell types.

Taken together, our results showed that giant cells in the bladder stroma were found in 35.6% of cases, more often in
HG (G2/G3, according to WHO 1973). In addition, we observed a tendency for a progressive increase in the number of
giant cells with an increase in the degree of tumor invasion in the bladder wall. Morphologically, the giant cells in the UC
of the bladder’s stroma were large, star-shaped, with sparse cytoplasm and the presence of long cytoplasmic growths.
They showed both mesenchymal, myofibroblast, and macrophage immunophenotype. According to the markers, MGCs
were cytokeratin negative, unlike giant tumor cells in bladder cancer; p16-positive; PD-L1 negative, with no specific
immune function, and could not be used to calculate the CPS scale.

CONCLUSION

To sum up, our observations give us reasons to assume that the giant stromal cells in non-tumor and tumor bladder can
be used as a characteristic and relatively constant, although nonspecific, a histological marker for chronic bladder
damage. In addition, our current knowledge of MGCs allows the following conclusions about the role of that cells:
According to the data obtained by us in the morphological and IHC study, MGCS are modified telocytes. The reason for
this modification is the chronic damage to the bladder mucosa (regardless of the etiological factor), which leads to the
fusion of telocytes and their transformation into multinucleated cells. At the same time, they lose C-KIT expression,
penetrate phagocytic function, and begin to express p16, which is, as described in detail above, a sign of cellular aging.

ARTICLE HIGHLIGHTS

Research background

To date, the literature lacks detailed histoepidemiological, morphological, and immunohistochemical (IHC) studies of the
immunophenotype and morphogenesis of multinucleated giant cells (MGCs) in the mucosa and the stroma of the
bladder. At the same time, in the non-tumor bladder, this question is insufficiently studied. These questions and
difficulties, which pathologists, urologists, and oncologists are exposed to, motivated us to study these problems in more
depth, using materials from two geographically different countries-Bulgaria and France.

Research motivation

We believe that it is more reasonable in the present study to determine the exact identification of these cells to use the
terms: Mononuclear and MGCs present in the connective tissue of the bladder wall in neoplastic and inflammatory
processes.

Research objectives

To establish the function, morphogenesis, and origin of mononuclear giant cells and MGCs in the stroma of urothelial
carcinoma (UC) of the bladder in patients samples, as well as to compile a proper differential-diagnostic algorithm from
histological, histochemical, and IHC criteria for the diagnosis of MGCs observed in the stroma of the UC of the bladder.

Research methods
We analyzed retrospectively urothelial bladder carcinomas (1 = 104) from 2016-2020 using IHC and histochemical stain
examination. Giant cells in the bladder stroma were found in 35.6% of cases, more often in high-grades.

Research results

From a pathogenetic point of view, we believe that giant stromal cells in non-tumor and tumor bladder represent a
degenerative cellular phenomenon reflecting chronic mucosal bladder irritation (mechanical, chemical, or tumor in
nature) and chronic mucosal inflammation. Moreover, we observed a significant correlation between these cells” presence
and the degree of tissue damage (tissue stress). From an oncological perspective, our results show that giant stromal cells
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in bladder UC are part of the stromal tumor response, although nonspecific and non-immune. This giant cell reaction is
probably due to chronic mucosal irritation. It correlates with malignancy and the degree of tumor infiltration. In addition
to the above considerations, the positive expression of p16 observed by us is further evidence of the histiocytic nature of
the giant cells in the stroma of the bladder UC. In support of this, it is known from the literature that histiocytes and their
derived tumor lesions are p16 positive.

Research conclusions

Based on the above results, we propose a generalized algorithm of histological, histochemical, and IHC-criteria for the
diagnosis of MGCs observed in the stroma of UC of the bladder: MGCs, except in chronic cystitis and other bladder
lesions, are localized in the stroma of the bladder carcinoma and the surrounding lamina propria. MGCs are 10 pm to 20
pm in size and star-shaped. Their cytoplasm is eosinophilic and sparse, with the presence of long cytoplasmic growths.
The nuclei are rounded, hyperchromatic, and multilobulated, sometimes more or less atypical, but no mitotic figures are
observed. Histochemically, MGCs are negative for Perls staining. Inmunohistochemically, MGCs are positive for
mesenchymal and myofibroblast markers (vimentin, smooth muscle actin, Desmin, and CD34), for the macrophage
marker CD68, and the marker of cell aging and degeneration p16.

Research perspectives

For the first time, we showed the expression of p16 in giant stromal cells outside the context of granulomatous inflam-
mation. This phenomenon’s probable explanation is the persistent mucosal irritation leading to this protein’s expression
in an attempt to find an optimal thermodynamically and biochemically metabolic formula for stromal cells “exhausted”
by chronic cellular stress. Similar “dynamic induction” in p16 expression is observed in other processes and other organs:
Involution of the glandular parenchyma of the breast, wound healing, nerve regeneration, and chronic inflammation.
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