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Abstract

Background: The main aim of this study was to investigate the putative correlation between the composition of intratumoral inflamma-

tory infiltrate and the expression of programmed death ligand 1 (PD-L1) by prostate cancer cells. In addition, we evaluated the correlation

between the expression of PD-L1 and PTX3.

Methods: We enrolled 100 patients from which we collected one surgical sample each. Paraffin serial sections were obtained to perform

histological classifications and tissues microarray construction. Serial tissues microarray paraffin sections were also used for PD-L1 analysis

and intratumoral inflammatory infiltrate characterization (CD4, CD8, CD57, CD3, PD1, PSGL-1, TIGIT, CD20, CD38, CD68, CD163, and

PTX3) by immunohistochemistry .

Results: Our result showed a significant increase of the number of both PD-L1 and PTX3 positive cells in prostate tumors respect to

benign lesions. Inflammatory infiltrate of PD-L1 positive prostate cancer lesions was characterized by a decrease of both PD1 positive lym-

phocytes and tumor-infiltrated macrophages, mainly M2 subpopulation. Also, PTX3 expression showed an inverse correlation with the

number of PD-L1 positive prostate cancer cells.

Conclusions: If confirmed, our data could be useful to predict the variations of the inflammatory population related to PD-L1 expression

in prostate cancer. This can lay the foundation to establish therapeutic protocols able to inhibit the PD-L1 activity and, at the same time, to

reactivate the antitumor inflammatory process. � 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Prostate cancer (PC) is the second most commonly diag-

nosed malignant tumor in men and a major cause of mortal-

ity, with an estimated 385,560 deaths globally expected in

2020 [1]. Different types of treatment are available for

patients with prostate cancer. Briefly, watchful waiting and

active surveillance are recommended for older patients who
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do not have signs or symptoms of advance cancer progres-

sion. Conversely, prostatectomy represent the main option

for patients in good health with a local prostate cancer

lesion [2,3]. Patients with high-grade prostate cancer, meta-

static lesions, or biochemical recurrence generally undergo

to hormonal and radiation therapy [3]. Although it can be

very effective for recurrent disease, patients usually

become refractory to hormonal therapy (castration resis-

tant) within 1 to 3 years [3]. This is usually associated with

the transition to a more aggressive status of the disease,

leading to the development of distant metastases [4]. In the

last few years, the identification and the approval of several

agents for the treatment of metastatic prostate cancer,

including cytotoxic drugs (cabazitaxel) [5], radiopharma-

ceuticals, and second-generation antiandrogen compounds

(abiraterone acetate and enzalutamide) [6,7] have rapidly

changed the management of prostate cancer patients [8].

It is known that prostate cancer progression results from

a tumor-induced immunosuppressive status, in which the

immune system is not able to identify and destroy cancer

cells since they are able to elude the antitumor immune

response [8]. Thus, immune evasion is now considered as a

hallmark of cancer [9]. In this context, immune checkpoints

play a prominent role in cancer immune escape. Indeed,

immune checkpoint pathways dampen T-cell activity physi-

ologically, being crucial for minimizing inflammatory-

dependent tissue damage and the maintenance of self-toler-

ance [8]. An important mechanism of cancer immune

escape involves interaction between the programmed death

1 (PD-1) receptor on cytotoxic T lymphocytes (CTLs) with

the programmed death ligand 1 (PD-L1) on cancer cells or

other host immune cells [10]. The PD-1/PD-L1 axis is one

of several immune checkpoint regulators that have physio-

logical roles in self-tolerance and in limiting the duration

and amplitude of immune responses, primarily through the

inhibition of adaptive T-cell responses [11]. PD-1 is a cell

surface protein belonging to the B7 co-stimulatory factor

family [12].

PD-L1 expression has been studied in different malig-

nant cancers, including lung, kidney, oesophagus, prostate,

and colorectal cancer with the evidence of correlation with

poor patient prognosis [12]. These studies demonstrate that

the expression of PD-L1 make tumor cells able to elude

cancer immunosurveillance [12]. Based on these evidences,

new emerging anti-PD-L1 immunotherapies are now

attempting to contrast cancer by initiating or augmenting

T-cell responses against tumor cells. Nevertheless, even

though promising results have been achieved, the effective

prognostic and predictive value of PD-L1 expression in

prostate cancer cells is not clear yet. In this scenario, the

identification of new molecules involved in the immune-

escape of prostate cancer, as well as their interaction with

the PD-1/PD-L1 checkpoint, can improve our knowledge

about the biology of tumor progression. In the last years,

several studies highlighted the dual role of PTX3 in tumor

progression. PTX3, also known as TSG-14, was firstly
described in 1992 as the prototypic member of the long-

pentraxin subfamily [13]. PTX3 is released by peripheral

blood leukocytes and myeloid dendritic cells in response to

proinflammatory stimuli (such as TNFa and IL1b) by act-

ing as a nonredundant component of the humoral arm of

the innate immunity and as an essential player in tuning

inflammation [14]. Although there are several studies

reporting the effect of PTX3 on cancer biology, the role of

PTX3 in cancer remains unclear. Overexpression of PTX3

in tumor tissues was considered as an unfavorable prognos-

tic factor in the setting of pancreatic carcinoma [15], head

and neck squamous cell carcinoma [16], gastric cancer

[17], breast cancer [18,19], glioma [20], prostate cancer

[21,22], and lung cancer [23]. On the contrary, PTX3 was

found downregulated and played an antitumoral activity in

melanoma [24] and esophageal carcinoma [25]. In addition,

a role of PTX3 in inflammatory-related carcinogenesis has

been described [26]. Thus, PTX3 expression by both pros-

tate cancer cells and inflammatory infiltrate, especially

macrophages, could represent a further element in the com-

plex mechanism of prostate cancer progression.

The main aim of this study was to investigate the

putative correlation between the composition of intratu-

moral inflammatory infiltrate and the expression of PD-

L1 by prostate cancer cells. In addition, we evaluated

the correlation between the expression of PD-L1 and

PTX3.
2. Materials and methods

2.1. Prostate samples collection

In this retrospective study, we enrolled 100 patients from

which we collected one prostate biopsy each. Exclusion cri-

teria were: history of previously or concomitant other neo-

plastic diseases, autoimmune diseases, viral chronic

infections (HBV, HCV, HIV), any antitumoral treatment

received before biopsy. The Independent Ethical Committee

of “Policlinico Tor Vergata” approved our study protocol.

All experimental procedures were carried out according to

The Code of Ethics of the World Medical Association (Dec-

laration of Helsinki). Informed consent was obtained from

all patients prior to surgery. Specimens were handled and

carried out in accordance with the approved guidelines.

From surgical sample, paraffin serial sections were

obtained to perform histological classifications and tissues

microarray (TMA) construction. Serial TMA paraffin sec-

tions were used for PD-L1 analysis and intratumoral

inflammatory infiltrate characterization by immunohis-

tochemistry.
2.2. Histology

After fixation in 10% buffered formalin for 24 hours,

prostate tissues were paraffin embedded. About 4-mm thick

sections were stained with hematoxylin and eosin [27].
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2.3. TMA construction

For TMA construction, we utilized fragments of tissues

left over the sampling procedures for diagnostic purposes.

Areas of interest from 50 PC and 50 prostate benign lesions

(BL) were identified in corresponding hematoxylin and

eosin-stained sections and marked on the donor paraffin

block. A 3.14 mm2-cross section of the donor block was

placed in the recipient master block of the Galileo TMA

CK2500 (Brugherio, Milan, Italy). Three cores from differ-

ent areas of the same tissue block (9.42 mm2 cross section)

were arrayed for each case (total amount of neoplastic cells

not less than 500) [28].
2.4. Immunohistochemistry

We employed immunohistochemical techniques to study

the expression of PD-L1 and PTX3 in prostate cells and the

expression of CD4, CD8, CD57, CD3, PD1, PSGL-1,

TIGIT, CD20, CD38, CD68, and CD163 to characterize

intratumoral inflammatory infiltrate.

Briefly, antigen retrieval was performed on 4 mm-thick

paraffin sections using EDTA citrate pH 7.8 or Citrate pH

6.0 buffers for 30 min at 95˚C. Sections were then incu-

bated for 1 hour at room temperature with primary antibod-

ies (listed in Table 1). Washings were performed with PBS/

Tween20 pH 7.6. Reactions were revealed by HRP - DAB

Detection Kit (UCS Diagnostic, Rome, Italy).
Table 1

List of primary antibodies

Antibody Characteristics Dilution

anti-PD-L1/CD274 Rabbit monoclonal clone QR1; Quartett,

Schichauweg 16, 12307 Berlin, Germany

1:100

Anti-CD3 Rabbit monoclonal, clone 2GV6, Ventana,

Tucson, AZ, USA

Pre-dilu

anti-CD4 Rabbit clone SP37; Ventana, Tucson, AZ, USA Predilui

anti-CD8 Rabbit monoclonal clone SP35 Ventana,

Tucson, AZ, USA

Predilui

anti-CD57 Rabbit monoclonal, clone NK-1; Ventana,

Tucson, AZ, USA

Predilui

anti-PD1 Mouse monoclonal clone NAT105; Ventana,

Tucson, AZ, USA

Predilui

anti-PSGL1 Mouse monoclonal clone PL-1; Thermo Fisher

Scientific Inc. Waltham, MA USA

1:150

anti-TIGIT Mouse monoclonal clone clone TG1; Dianova

GmbH / Warburgstr. 45 / 20354 Hamburg

1:100

anti-CD20 Mouse monoclonal clone L26; Ventana, Tucson,

AZ, USA

Predilui

anti- CD38 Rabbit monoclonal clone SP149; Ventana,

Tucson, AZ, USA

Predilui

anti- CD68 Mouse monoclonal clone KP-1; Ventana,

Tucson, AZ, USA

Predilui

anti- CD163 Mouse monoclonal clone MRQ-26; Ventana,

Tucson, AZ, USA

Predilui

anti-PTX3 Rat monoclonal clone MNB1; AbCam,

Cambridge, UK

1:100
All markers (PD-L1, PTX3, CD4, CD8, PD1, PSGL-1,

TIGIT, CD57, CD3, CD20, CD38, CD68, and CD163)

were evaluated with the support of a digital software

(ImageViewer, Ventana, Roche) by two blind observers by

counting the number of positive prostate cells on 9.42 mm2

prostate tissues. For the analysis of macrophage populations

(CD68, CD38, and CD163), we did not consider as positive

those cells with morphological appearance of both B and

T cells. Results were reported as number of positive cells

on 1 mm2 of tissues (Mean § SEM).

2.5. Statistical analysis

In order to forego assumptions of data normality, we

conducted group-wise comparisons (see below for defini-

tion of the three groups analyzed) of biomarker values

through nonparametric Kruskal-Wallis (KW) tests followed

by pairwise comparison (Conover’s-test for multiple com-

parisons) whenever the result of the KW test was statisti-

cally significant (P < 0.05). Results of post-hoc testing

were corrected for multiple comparisons using a false dis-

covery rate procedure (alpha = 0.05).

3. Results

3.1. Histological classification

The study of H&E sections allowed us to classify pros-

tate biopsies according to EAU-ESTRO-SIOG Guidelines
Retrieval Target

EDTA citrate pH 7.8 Cancer cells, T Lymphocytes, Macrophages

and pro-B cells [11]

ited EDTA citrate pH 7.8 T Lymphocytes [53]

ted EDTA citrate pH 7.8 T helper cells, macrophages, granulocytes

[53,54]

ted EDTA citrate pH 7.8 T cytotoxic cells [53]

ted EDTA citrate pH 7.8 Natual Killer cells, Macrophages, B-cells

[53]

ted EDTA citrate pH 7.8 T cells, pro-B cells [54]

Citrate pH 6.0 Myeloid cells, stimulated T lymphocytes and

endothelial cells [55]

EDTA citrate pH 7.8 T cells and Natural Killer Cells [57]

ted EDTA citrate pH 7.8 B-cells [53]

ted EDTA citrate pH 7.8 M1 macrophages, Lymphocytes and B-cells

[58]

ted EDTA citrate pH 7.8 Monocytes, Macrophages and Osteoclasts

[58]

ted EDTA citrate pH 7.8 Macrophages, M2 macrophages [58]

Citrate pH 6.0 Cancer cells [13,14], Macrophages [61],

Endothelial cells [61], fibroblasts [61],

osteoblasts [67]



Table 2

Baseline characteristics of patients.

n Age ≤55 Age ≥55 Gleason ≤6 Gleason 7 Gleason ≥8 PSA (ngml¡1)

BL 50 22 28 / / / /

PC 50 15 35 24 12 14 1112.07§ 128.78
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2017 [29] in 50 BL (prostate hyperplasia) and 50 PC. As

concerned Gleason score, all PC lesions had values equal

or superior to 3+3. Specifically, we classified cancer lesions

as follow: 24 cases with 3+3 score, 5 cases with 3+4 score,

7 cases with 4+3 score, 10 cases with 4+4 score, 2 cases

with 4+5 score and 2 cases with 5+3 score. The main clini-

cal anamnestic data are reported in Table 2.
3.2. PD-L1 and PTX3 expression

We studied the number of PD-L1 and PTX3 positive

cells on 9.42 mm2 of prostate tissues (results are expressed

as number of positive cells/ 9.42 mm2 § SEM).

As expected, immunohistochemical analysis showed a

significant increase of the number of positive PD-L1 cells

in PC group as compared to BL (BL 18.11 § 12.81; PC

137.6 § 26.24, P = 0.0047) (Fig. 1A−C). In addition, we

observed no significant correlation between the Gleason

score and PD-L1 expression. As concern the inflammatory

cells, we noted a very low number of PD-L1 positive lym-

phocytes in both BL and PC lesions (data not shown). As

concern the number of PTX3 positive cancer cells, our

results displayed a significant increase in PC respect to BL

group (BL 151.1 § 27.68; PC 404.7 § 16.32, P < 0.0001)

(Fig. 1D−F).
3.3. Lymphocyte infiltrate evaluation

We characterized lymphocyte intratumoral infiltrate by

studying the number of CD3, CD4, CD8, CD57, PD1,

PSGL-1, TIGIT, and CD20 positive cells on 9.42 mm2 of

prostate tissues (results are expressed as number of positive

cells/9.42 mm2 § SEM).

As concern the CD3, Mann−Whitney test revealed sig-

nificant differences between the number of positive lym-

phocytes in BL and PC (BL 93.66 § 10.55 vs. PC 291.0 §
39.23 P < 0.0001) (Fig. 1G−I). Similarly, we observed sig-

nificant difference between BL and PC regarding the num-

ber of CD4 positive lymphocytes (T-helper) (BL 18.19 §
4.18 vs. PC 190.1 § 37.68 P < 0.0001) (Fig. 1J−L). Con-
versely, no significant difference was detected for the pres-

ence of cytotoxic T cells, both CD8 (Fig. 1M−O) or CD57
(Fig. 2A−C) positive cells. (CD8: BL 93.09 § 10.58 vs.

PC 148.20 § 23.05, P = 0.1595; CD57: BL 44.31 §
6.54 vs. PC 48.70 § 8.39, P = 0.8629). Indeed, these cells

were frequently present also in prostate benign lesions. Our

data showed a very low number of PD1 positive
lymphocytes in PC (18.03 § 3.31) as compared to BL

(74.06 § 17.83) (P = 0.0005) (Fig. 2D−F).
Also, we noted a significant increase of PSGL-1 positive

lymphocytes in BL as compared PC group (BL 85.71 §
14.38 vs. PC 56.97 § 6.52 P < 0.0001) (Fig. 2G−I). Con-
versely, as concern the number of TIGIT positive lympho-

cytes, no significant differences were observed about between

BL and PC BL (34.34 § 5.30 vs. PC 36.48 § 6.98

P = 0.9833) (Fig. 2J−L). Finally, we observed a higher B-

cells infiltrate (CD20 positive cells) in PC respect to BL (BL

2.75§ 0.75 vs. PC 35.04§ 10.50 P < 0.0001) (Fig. 2M−O).

3.5. Macrophage infiltrate evaluation

Macrophage intratumoral infiltrate was characterized by

studying the number of CD38, CD68, and CD163 positive

macrophages on 9.42 mm2 of prostate tissues (results are

expressed as number of positive cells/9.42 mm2 § SEM).

CD68 analysis was used to identify the number of both

M1 and M2 intratumoral macrophages. For the study of M1

population we investigated the expression of CD38. Due to

the expression of CD38 in some lymphocytes, the evalua-

tion of CD38 positive macrophages was performed compar-

ing the expression of CD3 and CD20 on serial sections.

Specifically, digital images of these markers were simulta-

neously displayed on high resolution monitor by using Vir-

tuoso software (Ventana Roche). This procedure made

possible to distinguish M1 macrophages (CD38 positive)

from other cells simultaneously expressing CD38 and CD3

or CD20. M2 cells were identified by studying the expres-

sion of CD163. Our results showed a significant increase of

CD68 macrophages in PC as compared to BL (BL 107.5 §
12.51 vs. PC 236.3 § 27.12 P < 0.0001) (Fig. 3A−C). In
agreement with the results obtained from CD68 analysis,

we also observed an increase of both M1 and M2 macro-

phages in PC as compared to BL (Fig. 3D−H). Specifically,
we displayed a dramatic high number of M2 (CD163) mac-

rophages in PC respect to BL (BL 29.5 § 7.17 vs. PC 201.6

§ 26.05 P < 0.0001) (Fig. 3D,G,H) and, at a lesser extent,

an increase of M1 macrophages (CD38) in PC (BL 22.72 §
3.09 vs. PC 46.10 § 7.51 P = 0.0408) (Fig. 3D−F). On
note, although both M1 and M2 macrophages increase in

PC, these malignant lesions were characterized by M2

polarization phenomenon. Indeed, PC lesions showed an

imbalance between M1/M2 ratio (P < 0.0001) (Fig. 3D).

Conversely, no difference was detected by comparing the

number of M1 and M2 macrophages in BL group

(P = 0.7862) (Fig. 3D).



Fig. 1. Evaluation of PD-L1 expression and lymphocyte infiltrate in prostate lesions. (A) Graph shows the number of PD-L1 positive prostate cells in BL and PC

lesions. (B) Representative image of PD-L1 expression in BL. (C) Image displays several PD-L1 positive prostate cancer cells. (D) Graph shows the number of

PTX3 positive prostate cells in BL and PC lesions. (E) Image displays PTX3 expression in BL. (F) Image displays several PTX3 positive prostate cancer cells. (G)

Graph shows the number of CD3 positive cells in BL and PC lesions. (H) Image displays some CD3 positive inflammatory cells in BL. (I) Representative image of

tumor-associate inflammatory CD3 positive cells infiltrate in PC. (J) Graph shows the number of CD4 positive cells in BL and PC lesions. (K) No/rare positive CD4

positive cells in BL. (L) Image shows numerous CD4 positive inflammatory cells in PC. (M) Graph shows the number of CD8 positive cells in BL and PC lesions.

(N) No/rare positive CD8 positive cells in BL. (O) Representative image of tumor-associate inflammatory CD8 positive cells infiltrate in PC. (Scale bar represents

200mm in all images). Asterisks represent *P < 0.05, ** P < 0.01, and *** P < 0.0001; Error bars represent standard error of mean (SEM).
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Fig. 2. Evaluation of lymphocyte infiltrate and PTX3 expression in prostate lesions. (A) Graph shows the number of CD57 positive cells in BL and PC

lesions. (B) Image displays some CD57 positive inflammatory cells in BL. (C) Representative image of tumor-associate inflammatory CD57 positive cells

infiltrate in PC. (D) Graph shows the number of PD-1 positive cells in BL and PC lesions. (E) Several PD-1 positive cells in BL. (F) Rare positive PD-1 posi-

tive cells in PC. (G) Graph shows the number of PSGL-1 positive cells in BL and PC lesions. (H) Image shows PSGL-1 positive inflammatory cells in BL. (I)

Rare PSGL-1 positive cells in PC. (J) Graph shows the number of TIGIT positive cells in BL and PC lesions. (K) Representative image of tumor-associate

inflammatory TIGIT positive cells in BL. (L) Rare positive TIGIT positive cells in PC. (M) Graph shows the number of CD20 positive cells in BL and PC

lesions. (N) Image shows numerous CD20 positive inflammatory cells in BL. (O) Numerous CD20 positive cells in PC. (Scale bar represents 200 mm in all

images). Asterisks represent *P < 0.05, ** P < 0.01 and *** P < 0.0001; Error bars represent standard error of mean (SEM).
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Fig. 3. Evaluation of macrophage infiltrate and PTX3 expression in prostate lesions. (A) Graph shows the number of CD68 positive macrophages in BL and

PC lesions. (B) CD68 positive cells in BL. (C) Numerous CD68 positive cells in PC. (D) Graph shows the ratio between M1 (CD38+CD3¡CD20¡) and M2

(CD 168) macrophages in BL and PC prostate lesions. (E) Image shows CD38 positive cells in BL. (F) Representative image of tumor-associate CD38 posi-

tive macrophages in PC. (G) Graph shows the number of CD163 macrophages in BL and PC lesions. (H) No/rare positive CD163 positive macrophages in

BLAsterisks represent *P < 0.05, ** P < 0.01 and *** P < 0.0001; Error bars represent standard error of mean (SEM).

M. Scimeca et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 297.e19−297.e31 297.e25
3.6. Correlation between PD-L1 positive cancer cells and

inflammatory infiltrate

In order to study the possible correlation between PD-L1

expression and the modifications of inflammatory infiltrate,

we subdivided the PC lesions in 3 groups: group A, (lesions

with no/rare presence of PD-L1 positive prostate cancer

cells: PD-L1 positive prostate cancer cells <6/500), group
B (lesions where PD-L1 was expressed by 6 < x < 250/500

cancer cells), and group C (lesions with more than 250/500

PD-L1 positive prostate cancer cells). Group A represented

54% of PCs, Group B 24% of PCs and Group C 22% of

PCs. These results are in line with the main literature

studies [30-32]. Indeed, in primary prostate cancers, the
frequency of PD-L1 ranges from 8% to 92% [30-32]. It is

important to note that differences in the assessment of PD-

L1 expression could include sample processing, antibody

selection, and reading scoring system.

3.7. Variations of the inflammatory infiltrate and PTX3

expression related to PD-L1

As concern the number of CD3 intratumoral lympho-

cytes, we noted an important decrease of these cells in B

group as compared with both group A and C (group A:

138.6 § 32.19; group B: 20.00 § 5.75; group C: 40.73 §
12.21; P = 0.0713; A vs. B P = 0.0817; A vs. C P = 0.3417;

B vs. C P = 0.0253) (Fig. 4A). Also, a significant decrease



Fig. 4. Variation of lymphocyte tumoral infiltrate related to PD-L1 expression. (A) Graph shows the number of CD3 positive cells in the experimental groups

(B) Graph displays the number of CD4 positive cells in the experimental groups. (C) Graph shows the number of CD8 positive cells in the experimenta

groups. (D) Graph displays the number of CD57 positive cells in the experimental groups. (E) Graph shows the number of PD-1 positive cells in the experi

mental groups. (F) Graph displays the number of PSGL-1 positive cells in the experimental groups. (G) Graph shows the number of TIGIT positive cells in

the experimental groups. (H) Graph displays the number of CD20 positive cells in the experimental groups. Asterisks represent *P < 0.05, ** P < 0.01 and

*** P < 0.0001; Error bars represent standard error of mean (SEM).
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of CD4 lymphocytes was observed in group B as compared

group A (group A: 265.7 § 41.76, group B: 129.3 § 23.51,

group C: 131.9 § 23.50, P = 0.0047; A vs. B P = 0.0421; B

vs. C P = 0.7833; A vs. C P = 0.1094). No significant differ-

ences were observed in regard to the expressions of CD8

(group A: 185.3 § 28.72, group B: 152.61 § 17.55, group

C: 104.5 § 12.20, P = 0.3447; A vs. B P = 0.5479; B vs. C

P = 0.1193; A vs. C P = 0.5041) (Fig. 4B and C).

Surprisingly, we observed a reduction of CD57 positive

cells only in those carcinomas characterized by the expres-

sion of an intermediate number of PD-L1 positive cancer

cells (group A: 54.57 § 9.02; group B: 28.63 § 2.96; group

C: 55.82 § 7.85, P = 0.0370; A vs. B P = 0.0555; B vs. C

P = 0.3931; A vs. C P = 0.0132) (Fig. 4D). A significant

decrease of PD-1 positive lymphocytes was observed in

prostate lesions of group C (group A: 21.71 § 3.60; group

B: 23.70 § 3.40; group C: 9.00 § 1.90 P = 0.0022; A vs. B

P = 0.1241; B vs. C P = 0.0001; A vs. C P = 0.078)

(Fig. 4E). The study of PSGL-1 expression revealed an

increase in the number of positive cells in prostate cancer
Fig. 5. Variation of macrophage tumoral infiltrate related to PD-L1 expression. (A

tal groups. (B) Graph shows the number of CD68 positive macrophages in the e

CD3-CD20 negative macrophages in the experimental groups. (D) Graph shows

Asterisks represent *P < 0.05, ** P < 0.01 and *** P < 0.0001; Error bars represe
lesions with higher expression of PD-L1 (group A: 6.37 §
0.94; group B: 18.45 § 3.19; group C: 57.14 § 7.49, P <
0.0001; A vs. B P = 0.0016; A vs. C P < 0.0001; B vs. C

P = 0.0009) (Fig. 4F). As concern the number of TIGIT

positive cells, we did not observe any significant difference

comparing them with PD-L1 expression by prostate cancer

cells (group A: 19.13 § 4.40; group B: 22.00 § 3.17; group

C: 30.00 § 5.60 P = 0.1190; A vs. B P = 0.1216; A vs. C

P = 0.0556; B vs. C P = 0.8216) (Fig. 4G). Finally, we did

not observe correlation between the number of PD-L1 posi-

tive cells and the CD20-positive infiltrate (Fig. 4H).

We also observed an inverse correlation between the

number of PD-L1 positive cancer cells and PTX3 expres-

sion (group A: 436.00 § 9.57; group B: 373.7 § 23.60;

group C: 391.8 § 17.51, P = 0.0249; A vs. B P = 0.0407; B

vs. C P = 0.8602; A vs. C P = 0.0127) (Fig. 5A).

As concern the study of macrophage populations, for the

first time, we reported data about the correlation between

PD-L1 expression and the composition of macrophage infil-

trate in prostate cancer. Analysis of CD68 displayed a
) Graph shows the number of PTX3 positive cancer cells in the experimen-

xperimental groups. (C) Graph displays the number of CD38 positive and

the number of CD163 positive macrophages in the experimental groups.

nt standard error of mean (SEM).
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significant reduction of macrophage intratumoral infiltrate

in the group A as compared both with the groups B and C

(group A: 262.4 § 25.34; group B: 183.3 § 31.05; group

C: 235.91 § 24.59, P = 0.0382; A vs. B P = 0.0269; B vs. C

P = 0.9365; A vs. C P = 0.0216) (Fig. 5B). Noteworthy,

analyzing separately the M1 and M2 population we

observed a putative association between the number of PD-

L1 positive prostate cancer cells and the M2 polarization

phenomenon. Indeed, the number of CD38 macrophages

(M1) significantly decrease in groups C as compared with

group A (group A: 57.71 § 6.42; group B: 40.63 § 8.42;

group C: 32.33 § 6.04, P = 0.0342; A vs. B P = 0.1532; B

vs. C P = 0.6832; A vs. C P = 0.0075) (Fig. 5C) whereas we

noted that the expression of PD-L1 was associated with the

increase of intratumoral CD163 macrophages (M2) (group

A: 206.2 § 21.32; group B: 133.1 § 16.21; group C: 287.5

§ 24.12, P = 0.0002; A vs. B 0.0329; B vs. C P < 0.0001;

A vs. C P = 0.0102) (Fig. 5D).
4. Discussion

Immunological escape is one of the main research topics

in the oncological field. To date, it is known that the expres-

sion of PD-L1 allows cancer cells to escape the immune

response of T lymphocytes, and thus, to trigger the meta-

static process in several neoplasms [33-36]. Thus, immuno-

therapy has become an important cancer treatment

modality. Nevertheless, despite the current enthusiasm,

such therapeutical approach is probably destined to fail if it

is not combined with other drugs. The combination of can-

cer vaccines or checkpoint inhibitors with different immu-

notherapeutic agents, hormonal therapy (enzalutamide),

radiotherapy (radium 223), DNA-damaging agents (ola-

parib), or chemotherapy (docetaxel) can enhance immune

responses and induce more dramatic, long-lasting clinical

responses without significant toxicity [37]. In this context,

several immune checkpoint inhibitors have emerged as a

new class of drugs capable of enhancing the body’s

immune response against several different tumor types

[38,39]. Immune checkpoint inhibitors approved by the US

Food and Drug Administration include monoclonal anti-

bodies against CTLA-4 (ipilimumab) [40], PD-1 (nivolu-

mab, [41] pembrolizumab [42]), and, most recently, PD-L1

(atezolizumab [43], avelumab [44], and durvalumab [45]).

Additional indications are being explored for approved

agents, [46-48] and other immune checkpoint inhibitors are

in late-stage development, including a new anti-CTLA-4

antibody (tremelimumab) [49,50]. However, despite these

unprecedented successes, most patients experience intrinsic

resistance and, even responding patients, can develop

acquired resistance to anti-PD-1 or anti-PD-L1 therapy

[51]. Numerous studies are currently underway to systemat-

ically elucidate the mechanisms underlying this resistance.

The presence of intratumoral inflammatory infiltrate associ-

ated to the expression of PD-L1 could have a direct, or
indirect, role in the development of anti-PD-1/PD-L1 ther-

apy resistance.

Therefore, in this study, we evaluated the putative corre-

lation between the composition of intratumoral inflamma-

tory infiltrate and the expression of PD-L1 by prostate

cancer. Inflammatory infiltration was evaluated both in

relation to the type of prostatic lesion (BL vs. PC) and to

the expression of PD-L1. In particular, to evaluate the influ-

ence of PD-L1 in the composition of the inflammatory pop-

ulation, PCs were divided into 3 subgroups (i.e. low,

intermediate, and high number of PD-L1 positive cancer

cells). In line with the literature, we observed a frequent

expression of PD-L1 in neoplastic prostate cells [52]. To

evaluate the differences in the inflammatory infiltrate, we

investigated molecular markers able to highlight the pres-

ence of the main immune cells. Specifically, the total T-

lymphocyte population, CD3 positive lymphocytes was

studied. T lymphocytes are involved in the effector

response capable of eliminating tumor cells [53]. The total

lymphocyte population is composed of CD4-positive T

lymphocytes and CD8 lymphocytes. CD4-positive lympho-

cytes generally perform their antitumor activity by stimulat-

ing T-cell division, differentiation to effector T cells and, in

the case of B lymphocytes, the antibodies synthesis [53].

Furthermore, CD4 positive cells are able to potentiate the

activation of macrophages, helping them to destroy cancer

cells [53]. On the other hand, CD8-positive T lymphocytes

can act on cancer cells releasing proteins (known as perfor-

ins) that forms a pore in the cell membrane determining its

destruction [53]. As already reported by Buisseret et al.

[54], in this work it was observed an increase in CD4+ T

lymphocytes in PCs. The CD4 lymphocytes response is

present to counteract tumor progression but unexpectedly

no differences were observed with respect to the number of

CD8+ lymphocytes. By evaluating the changes in the T

CD4 / CD8 population in relation to PD-L1 positive cancer

cells, we demonstrated that the expression of this molecule

was associated with a decrease of CD4+ inflammatory infil-

trate. As expected, the number of PD1 positive lympho-

cytes decreased in the prostate lesions characterized by a

number of PD-L1 positive cells > 250/500. Recently, it has

been highlighted the role of PSGL-1 as an immune check-

point regulator that promotes T-cell exhaustion [55]. Spe-

cifically, in cancer environment it has been found that

PSGL-1-deficiency enhanced T-cell antitumor immunity to

melanoma [56]. In line with these data, for the first time,

we reported a putative correlation between the expression

of PD-L1 by prostate cancer cells and the presence of

PSGL-1 positive intratumoral inflammatory infiltrate. This

can suggest an involvement of PSGL-1 in the complex

mechanism of immune-escape of prostate cancer.

In the onco-immunity field, the role of tumor-associated

macrophages, or TAMs, has recently gained great impor-

tance, since these can contribute to tumor progression, by

promoting genetic instability and supporting metastasis.

Furthermore, TAMs play a fundamental role in the response
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to cytoreductive therapy (chemotherapy and radiotherapy),

where they can antagonize the antitumoral activity of these

treatments [57,58]. Today, TAMs are considered sensitive

therapeutic targets for immunomodulation of the tumor

microenvironment. In this context, has been proposed that

the M2 with an anti-inflammatory effect can have a protu-

mor effect in numerous neoplasms [59,60]. Here we

showed a putative relationship between tumoral PD-L1

expression and changes in macrophage response. These

data showed that, in prostate tumors characterized by

numerous positive PD-L1 cells, there is a reduction of the

macrophage tumor population characterized by a prevalent

presence of M2 polarized residual macrophages. The reduc-

tion and M2 polarization of macrophages, linked to the

expression of PD-L1, represents another element support-

ing the negative prognostic value of this molecule.

To better characterize the inflammatory response associ-

ated with prostatic lesions, it has been investigated the

expression of an inflammation-associated molecule: PTX3.

Recent studies have shown that PTX3 may have a pro-

oncogenic role in some cancers, including ovary and lung

cancer, prostate carcinoma, pancreatic carcinoma, and bone

metastasis from breast cancer [61-63]. However, some stud-

ies report a protective role of PTX3 against cancer [64].

Reports showing a positive correlation between PTX3

expression and poor prognosis in specific human tumors

suggest that the role of PTX3 may be very dependent on tis-

sue, cancer type and from the cellular source [62-64]. Our

results showed an over-expression of PTX3 in PCs, com-

pared to BL, suggesting therefore its possible involvement

in tumor progression. In addition, PTX3 could play a role

in inflammatory tumor-associated response; indeed, we

noted a significant inverse correlation between its expres-

sion by prostate tumor cells and the number of PD-L1 posi-

tive cells.

The results reported in this study allowed to characterize

the inflammatory population associated with prostate

tumorigenesis. Furthermore, for the first time the cellular

inflammatory pattern associated with PD-L1 expression

was defined, in particular for the macrophage population.

To date, in fact, there is still no data in literature reporting

the association between PD-L1 expression and changes in

the intratumoral macrophage population.

5. Conclusions

Data here reported highlighted new aspects about the

relationship between PD-L1 expression by prostate cancer

cells and the composition of tumor-associated inflammatory

infiltrate, especially for macrophages populations. If con-

firmed, our data can be useful to develop therapeutical strat-

egies able to inhibit the PD-L1 activity and, at the same

time, to re-activate the antitumor inflammatory process.

In the advancing field of cancer immunotherapy, the

antibody based-positron emission tomography (immune-

PET) constitutes an exciting and expanding noninvasive
option that not simply improves diagnostic tumor character-

ization but also help in the monitoring of cancer immune-

response [65,66]. In this context, the use of Zirconium-89

as a PET surrogate radioisotope for in vivo scouting of ther-

apeutic 90Y or 117Lu-labeled antibodies could allow to indi-

viduate the best radio-immunotherapy dose schedules for

patients, and also to develop new therapeutical protocols

for the immune-modulation of intratumoral inflammatory

infiltrate.
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