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ABSTRACT

The origin of intraductal carcinoma of the prostate (IDC-P) in presence of prostate adenocarcinoma (PCa) is a
matter of debate. This study evaluates trophoblast cell-surface antigen 2 (Trop-2) expression in prostatic high-
grade intraepithelial neoplasia (HGPIN), IDC-P and PCa to explain the possible mechanism for IDC-P arising.
Trop-2 was localized in the luminal epithelium of normal prostate gland, HGPIN and IDC-P. The quantitative
analysis of immunohistochemistry showed no difference of Trop-2 expression between HGPIN and IDC-P, while
statistically significant differences were observed comparing the two pathologies with normal tissues. Contrarily,
Trop-2 was expressed in 2.5% of the basal cells in normal prostate gland and in 1% of HGPIN while Trop-2 was
expressed in 8% of cells in IDC-P samples. We suggest that Trop-2 present in the basal cells may acquire
neoplastic changes. The neoplastic cells could grow into the glandular lumen as HGPIN and/or spread into the
duct as IDC-P or spread into the stroma as PCa. In conclusion, our data in part support the theory of intraductal
carcinoma origin through retrograde glandular colonization.

1. Introduction

progression to highly aggressive disease that have recurrence and high
rates of cancer-related death. It is known that invasive high-grade cancer

Prostate cancer (PCa) is the second most common cancer in men and
the fifth most harmful. There are several risk factors that promote PCa
development such as race, family history, germline mutations and age.
More than half of PCa diagnosis occur in men of more than 65 years and
increase significantly in the elderly so, aging can represent a risk factor
(Bergengren et al., 2023; Ramakrishnan et al., 2023). The clinical
spectrum of PCa encompasses indolent diseases with low risk of

is frequently associated with prostatic intraductal carcinoma (IDC-P),
which is considered a distinct entity by WHO tumor classification of
urinary system since 2016 (Amin MB et al., 2022). Morphologically,
IDC-P is defined by the presence of a lumen-spanning proliferation of
malignant secretory cells within pre-existing benign prostatic ducts and
acini, with retention of basal cells (Montironi et al., 2018).

It is common knowledge that IDC-P presence in a prostate tissue
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sample is linked to a poorer prognosis. The most IDC-P lesions were
found near to invasive carcinoma with Gleason pattern 4 or 5 and linked
to a large tumor volume and advanced stage, while IDC-P without PCa is
a rare phenomenon (Porter et al., 2017; Robinson and Epstein, 2010;
Watts et al., 2013). Currently, high grade prostatic intraepithelial
neoplasm (HGPIN) is considered the only precursor of PCa. Both IDC-P
and HGPIN retain basal cell layer and consist of malignant cells within
the ducts and acini (Miyai et al., 2014; Zong et al., 2021).

Trophoblast Cell-Surface Antigen 2 (Trop—2) is a transmembrane
glycoprotein belonging to the EpCAM (epithelial cell adhesion mole-
cule) family of proteins (Koltai and Fliegel, 2023; Shen et al., 2021) and
comprises an extracellular domain, a single hydrophobic trans-
membrane helix and a cytoplasmic C-terminal tail (Trerotola et al.,
2013). Trop—2 is involved in various cellular functions such as prolif-
eration, invasion, stemness and regulation of cell-cell adhesion (through
its extracellular region) (Koltai and Fliegel, 2023).

The aim of this study was to evaluate Trop—2 expression in HGPIN,
IDC-P and PCa to suggest a possible mechanism for IDC-P arising.

2. Materials and methods
2.1. Tissue collection

The study included a total of 20 paraffin embedded prostate tissues
(10 IDC-P and 10 HGPIN, all associated with PCa) from radical prosta-
tectomy provided by Pathological Anatomy service (Universita Poli-
tecnica delle Marche-United Hospitals, Ancona, Italy). Prior to surgery
the patients had not received antiandrogen therapy. All diagnosis were
confirmed and selected by a pathologist (RM). Patients with IDC-P had
an average age of 69 years (range 59-77) while the average age of pa-
tients with HGPIN was 66 years (range 56-75). All procedures followed
were in accordance with the ethical standards of the committee
responsible on human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2013. The study was
approved by Territorial Ethics Committee (T.E.C.) of the Marche Region
(IT) (approval reference number: 2024-135). The requirement for
informed consent was waived because of the retrospective study design.

All clinical and pathological characteristics of patients were reported
on Table 1.

2.2. Peroxidase immunohistochemistry

The immunohistochemistry procedure for Trop—2 was performed as
previously described (Licini et al., 2021). Negative controls were ob-
tained by omitting the primary or secondary antibody or using an iso-
type control antibody (ab281590; Abcam, Cambridge, UK) at the same
dilution of primary antibody for all the immunohistochemical reactions
performed. P63/CK34BE12 (the basal cell cocktail (34bE12 +p63; Codes
M731701-2, M063001-2, Dako Agilent Technologies) staining was
performed to detect prostate basal cells as routinely used for diagnosis of
PCa by the Pathological Anatomy Service.

2.3. Double staining and confocal microscopy

The double staining was performed as previously described (Licini
et al., 2021). Sections were incubated overnight at 4°C with the pri-
mary antibodies anti-Trop—2 mouse monoclonal antibody (sc—376746,
Santa Cruz Biotechnology, Inc., TX, USA) and anti-Cytokeratin 5 (CK5)
rabbit polyclonal antibody (PA5-84421, Thermo Fisher Scientific)
diluted 1:400 and 1:500, respectively, in PBS. Sections were then
washed and incubated for 30 min at RT with the secondary antibodies
anti-mouse (Trop—2) Alexa Fluor—488 and anti-rabbit (CK5) Alexa
Fluor—555 (both from Invitrogen, Carlsbad, CA, USA) diluted 1:400.
Slides were then incubated with DAPI (1:5000, Invitrogen) for 10 min
for nuclear staining. Finally, sections were washed and mounted using
Vectashield mounting medium (Vector Laboratories). Sections were
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Table 1
Clinical and pathological findings.
IDC-P cases Age PSA (ng/ Gleason score pTNM**
ml) (GG)*

1 73 4,4 5+4=9() T3b R1 LVIO N1

2 66 2,4 3+4=7(2) T3a RO LVIO NX

3 77 22 44+3=7(3) T3a (m,2) R1 LVIO
N1

4 65 6,8 4+3=7(3) T3a (m,4) RO LVIO
NX

5 59 7,9 4+3=7(3) T3b RO LVIO NO

6 72 6,8 4+3=7(3) T3b RO LVIO N1

7 79 8,9 4+4=814) T3a (m,2) RO
LVIONO

8 61 4,8 3+4=7() T2 (m,2) R1 LVIO
NX

9 75 15 44+3=703) T3b (m,3) LVIO NO

10 66 16,4 4+3=7(3) T3b RO LVIO NO

HGPIN

cases

1 74 3,3 3+3=6Q1) T3a (m,3) RO LVIO
NX

2 75 12 3+4=7(2) T3a (m,2) R1 LVIO
NO

3 72 4,25 3+3=6Q1) T2 (m,2) RO LVIO
NO

4 62 4,93 3+3=6(1) T2 (m,3) RO LVIO
NX

5 67 6,11 3+4=7(2) T2 R1 LVIO NX

6 66 5,2 3+3=6(1) T2 (m,3) RO LVIO
NX

7 63 6,7 3+3=6Q1) T2 (m,4) RO LVIO
NX

8 64 6 3+4=7(2) T2 (m,2) R1 LVIO
NX

9 56 8,3 3+4=7(2) T2 (m,3) RO LVIO
NX

10 62 7,7 3+4=7() T2 (m,3) R1 LVIO
NX

" GG: Grade Group; pTNM~*: Pathological Tumor Node Metastasis based on
AJCC 8°edition.

analyzed with the inverted microscope Eclipse Ti2-E supplied with an
AX confocal system (Nikon, Japan). The following detection setting was
used: Detector PMT (405) and GaAsP (488 and 561) with 2x line aver-
aging and bit depth= 12. Moreover, we used the following objectives:

e 10x/0.45 NA objective (Calibration: 0.86 pm/px)
e 20x/0.75 NA objective (Calibration: 0.43 pm/px)

The percentage of Trop—2-positive prostatic basal cells also
expressing CK5 were calculated in 10 samples of each group (HGPIN and
IDC-P). For the morphometry, four non-overlapping images from each
section were randomly selected and analyzed.

2.4. Semi-quantitative and statistical analysis of samples

Semi-quantitative analysis of Trop—2 immunohistochemical staining
and the quantitative analysis of the double positive (CK5-Trop—2) basal
cells detected by immunofluorescence were performed in a blinded
manner by taking four representative non-overlapped images from each
of the 10 cases per group. For Trop—2 immunohistochemistry analysis
was used the Nikon Eclipse E800 light microscope equipped with a
Nikon DXM 1200 camera (Nikon Instruments S.p.A, Calenzano, Italy).
Image-J (ver 1.54 s) software as reported in literature (Dai et al., 2020;
Tossetta et al., 2025; Yang et al., 2021).

Results were represented as mean + standard deviation (SD) of
positive area (%), where % of positive area was calculated as follows:

__positive pixels of the field(area)

o i _ 100
bof positive area total pixels of the field(area) x
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Field size was 650 x 480 pm for all images analyzed.

For immunofluorescence analysis was used the 20x/0.75 NA objec-
tive. The following number of cells was counted for each group: 1592
basal cells for normal prostate, 1388 basal cells for HGPIN and 620 basal
cells for IDC-P.

Sample normality was assessed using the Shapiro-Wilk test before
applying the Student's t-test and p values < 0.05 were considered sta-
tistically significant. All analyses were carried out using GraphPad Prism
(ver 8) statistical software.

3. Results
3.1. Characterization of tissue samples from patients with prostate cancer

Normal prostate tissue was taken from the peripheral zone of the
prostate at least 2 mm from the lesions (HGPIN and IDC-P) detectable in
the same section. HGPIN was present both near and distant to PCa, in the
same section. The identification of this preneoplastic lesion follows the
morphological and immunohistochemical criteria of the WHO classifi-
cation (Amin MB et al., 2022). We considered the three main form
tufting, micropapillary and flat. We did not consider the cribriform
pattern because it is now controversial (Epstein et al., 2021).

All cases of IDC-P were identified adjacent to PCa. Confirmation of
IDC-P was achieved by using the morphological criteria of the 2016
edition of the WHO Classification of Tumors of the Prostate Gland (Amin
MB et al., 2022) and the presence of the basal cells was confirmed as well
as for normal glandular tissue and HGPIN by p63 and 34betaE12
cocktail (Fig. 1a,c,e).
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3.2. Immunohistochemical expression of Trop—2 in normal prostate,
HGPIN and IDC-P

Trop—2 was expressed in the normal glandular epithelium (Fig. 1b)
as well as in the HGPIN (Fig. 1d) and IDC-P (Fig. 1f). In the normal
glandular epithelium (Fig. 1b) and in HGPIN (Fig. 1d) the staining for
Trop—2 is present on the cytoplasmatic membrane of the secretory cells
in a basal-lateral fashion. Particularly, Trop—2 immunohistochemical
expression was significantly higher in HGPIN (p < 0.0001) and IDC-P
(p < 0.0001) than normal tissue while Trop—2 expression showed no
difference between HGPIN and IDC-P (Fig. 1g). In addition, the staining
of this marker in both normal glandular epithelium and in HGPIN ap-
pears homogeneous (Fig. 1b,d).

Unlike the previous ones, IDC-P showed a heterogeneous non-
uniform staining for Trop—2 showing in some cases a less strong stain-
ing at the centre of lumen-spanning proliferation of malignant secretory
cells than at the peripheral part (Fig. 1f). In addition, Trop—2 expression
in IDC-P is like the expression of Trop—2 in adjacent PCa observed in the
same sample (data not shown).

3.3. Immunofluorescence and confocal microscopy analysis

To better demonstrate the localization of Trop—2 in the epithelial
layer of prostate gland we performed a double immunofluorescent
staining using Trop—2 (green colour in Fig. 2) and CK5 (red colour in
Fig. 2). The Fig. 2a, a’ represent normal glands showing that Trop—2
(green staining) and CK5 (red staining) were colocalized in the 2.5% of
basal cells. The colocalization (Trop—2 — CK5) was present in isolated
randomly arranged cells (see Fig. 2 a,a’, the yellow staining demon-
strates the colocalization, see the arrow). In addition, HGPIN (Fig. 2 b,
b’) showed 1% of colocalization of Trop—2 and CK5 in our samples
while IDC-P (Fig. 2 ¢,c’) showed 8% of cells expressing both Trop—2 and
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Fig. 1. Representative imagines of HGPIN and IDC-P samples. a, b show normal prostate gland; ¢, d show HGPIN and e, f show IDC-P. P63/CK34$E12 immuno-
histochemical staining (a, c, e); Trop—2 staining (b, d, f). P63/CK34pE12, used as a basal prostate cells marker, is present in the basal cells of normal prostate glands,
HGPIN and IDC-P samples (a, c, €). Trop—2 staining is detectable in the epithelial cells of all the samples analyzed (b, d, f) while the stomal component is negative.
Fig. 1g shows Trop—2 immunostaining quantification. Results were reported as bars of a histogram and represented as mean + standard deviation (SD) of positive
area (%). **** p < 0.0001, ns= Not statistically significant. a-d: bar= 100 pm; e and f, bar= 200 pm.
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Fig. 2. Representative imagines of double staining of Trop—2 and CK5 in HGPIN and IDC-P samples by confocal microscopy. Normal prostate glands (a, a’); HGPIN
(b, b’) and IDC-P (c, ¢’). a’, b’ and ¢’ are the enlargement of the framed area in a, b and c respectively; d) shows the percentage of cells stained for both CK and
TROP2. The nuclei are stained in blue. CK5 (red staining) was used as a marker for prostate basal cells and Trop—2 (green staining) is localized in the secretory cells
of normal glands, HGPIN and IDC-P. In figure b, most of the HGPIN (see yellow asterisks) are on the left while the normal component (see white asterisks) is
observable on the right in the image. The figure b’ shows an enlargement of HGPIN. Trop—2 is localized in sporadic basal cells of normal glands (yellow staining and
arrow: a’) and in some cells in IDC-P (yellow staining and arrows: c’). Results were reported as bars of a histogram and represented as mean percentage of double
stained cells + standard deviation (SD). ** p < 0.01, *** p < 0.001, ns= Not statistically significant. a-c bar= 200 pm; a’, b’ bar= 45 pm; ¢’ bar= 40 pm.

CKS.

So, we can conclude that Trop—2, in basal cells, is statistically sig-
nificant more expressed in IDC-P compared to normal glands (p < 0.01)
and HGPIN samples (p < 0.001; Fig. 2d). No statistically significant
differences were found between normal glands and HGPIN (Fig. 2d).
Trop—2 was homogenously expressed in the luminal epithelium of the
gland in normal, HGPIN and IDC-P samples. No expression of CK5 was
visible in PCa.

4. Discussion

In the present study, we investigated the expression of Trop—2 in
HGPIN and IDC-P. The semi-quantitative analysis of Trop—2 immuno-
histochemistry showed no significant differences between HGPIN and
IDC-P while significant differences were shown comparing these pa-
thologies with normal tissues. It is known that morphological and mo-
lecular abnormalities detected in PCa are like that shown in secretory
cells of both HGPIN and IDC-P (Bernhardt, M., Kristiansen, G. 2023). For
example, HGPIN and IDC-P share cytological features such as nuclear
enlargement, prominent nucleoli, and cellular crowding like PCa. In
addition, HGPIN and IDC-P frequently share molecular signatures found
in PCa, including TMPRSS2-ERG gene fusions, AMACR overexpression,

and specific genetic mutations (Amin MB et al., 2022).We have detected
for the first time that Trop—2 was in luminal cells and only in 2.5% of
basal cells of the normal epithelial glands and in 8% of basal cells of
IDC-P using appropriate basal cell marker and confocal microscopy. The
precise location of Trop—2 may be important to understand the rela-
tionship between IDC-P and the adjacent PCa. Recently, Wang et al.
(Wang et al, 2024) performed a study on the feasibility of
Antibody-Drug Conjugates of different targets including Trop—2, in
Ductal Adenocarcinoma (DAC) and IDC-P. This study reports that
Trop—2 expression in IDC-P and DAC is like the expression of Trop—2 in
adjacent PCa as we have observed in our samples. The presence of
multiple basal cells expressing Trop—2 (8%) in the IDC-P may suggest an
anomalous condition linked to the onset of the pathology. Trop—2
expression in the basal cells may be related to the acquisition of
neoplastic changes. The neoplastic cells could grow into the glandular
lumen and/or spread into the duct as IDC-P or spread into the stroma as
PCa. The presence of these Trop—2 stained cells in the basal layer could
represent prostatic cancer stem cells (PCSC) cancer-initiating and it can
partially support the theory of intraductal carcinoma origin through
retrograde glandular colonization (Bernhardt and Kristiansen, 2023;
Haffner et al., 2016) and to confirm that Trop—2 is involved in PCa
origin (Guerra et al., 2021). PCa may originate from the same cell in
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particular environmental conditions such as mutations, virus and other
genetic and not genetic factors (Guerra et al., 2023; McDougall et al.,
2015). The interpretation of these data can be considered a suggestion
for future in vitro investigation as our research is based exclusively on
morphological data. Thus, the latter and a limited analysed cohort can
represent the limitations of the current study.

5. Conclusions

In conclusion, our data suggest that future in vitro studies could be
conducted to prove our morphological observation concerning the hy-
pothesis that the IDC-P and PCa might originate from the same cell type
located in the basal layer of the prostate gland that expresses Trop—2,
while a different mechanism could be responsible for the HGPIN
occurrence. In addition, the modulation of the prostatic environment,
such as non-mutagenic mechanisms or mutagenic oncogenic events or
both can drive tumour progression inducing these cells to proliferate and
differentiate in an anomalous way both by taking the intraductal and
prostatic stroma routes, evolving into IDC-P and PCa respectively.
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