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Abstract

Prostate cancer stem-like cells (PCSLC) are believed to be
responsible for prostate cancer onset and metastasis. Autocrine
and microenvironmental signals dictate PCSLC behavior and
patient outcome. In prostate cancer patients, IL30/IL27p28 has
been linked with tumor progression, but the mechanisms
underlying this link remain mostly elusive. Here, we asked
whether IL30 may favor prostate cancer progression by condi-
tioning PCSLCs and assessed the value of blocking IL30 to
suppress tumor growth. IL30 was produced by PCSLCs in
human and murine prostatic intraepithelial neoplasia and
displayed significant autocrine and paracrine effects. PCSLC-
derived IL30 supported PCSLC viability, self-renewal and
tumorigenicity, expression of inflammatory mediators and
growth factors, tumor immune evasion, and regulated chemo-
kine and chemokine receptor genes, primarily via STAT1/STAT3

signaling. IL30 overproduction by PCSLCs promoted tumor
onset and development associated with increased proliferation,
vascularization, and myeloid cell recruitment. Furthermore, it
promoted PCSLC dissemination to lymph nodes and bone
marrow by upregulating the CXCR5/CXCL13 axis, and drove
metastasis to lungs through the CXCR4/CXCL12 axis. These
mechanisms were drastically hindered by IL30 knockdown
or knockout in PCSLCs. Collectively, these results mark IL30
as a key driver of PCSLC behavior. Targeting IL30 signaling may
be a potential therapeutic strategy against prostate cancer pro-
gression and recurrence.

Significance: IL30 plays an important role in regulating pro-
state cancer stem-like cell behavior and metastatic potential,
therefore targeting this cytokine could hamper prostate cancer
progression or recurrence. Cancer Res; 78(10); 2654–68.�2018 AACR.

Introduction
Prostate cancer is the most common male malignancy and the

second leading cause of male cancer-related deaths in Europe and
the United States (1). Mortality for prostate cancer is related to
metastatic disease, which may develop in patients who become
resistant to medical prostate cancer treatments, but it may also
manifest many years after a radical, and apparently successful,
surgical cure of a localized prostate cancer.

The immortal and pluripotent cancer-initiating cells, referred to
as prostate cancer stem-like cells (PCSLC), which possess self-

renewal capability and sustain the long-term clonal maintenance
of the tumor, are believed to be responsible for treatment resis-
tance, disease recurrence andmetastasis (2). In their niche micro-
environment, PCSLCs' entry and exit in dormancy is regulated by
mostly unidentified autocrine and paracrine signals influencing
the tumor microenvironment (TME; ref. 3), which, in turn, con-
ditions cancer phenotype and clinical outcome (4).

So far, it has been shown that properties of PCSLCs may be
regulated by matricellular glycoproteins, such as osteonectin (5);
attachment factors, such as Annexin II/Annexin II receptor axis
(6); hypoxia, through hypoxia-inducible factor generation (7);
growth and angiogenic factors, such as VEGF/neuropilin 2 (8);
osteogenic proteins, such as BMP7 (9) and chemoattractants, in
particular, CXCL12 (10). Decoding the major autocrine and
paracrine loops responsible for PCSLC's cycle reactivation and
mobilization could provide tools for planning effective strategies
against prostate cancer progression or recurrence.

We have recently reported that endogenous IL30, originally
identified as IL27p28 subunit, a novel polypeptide related to
IL12p35 (11), is expressed in prostate cancer by both cancer cells
and cancer- or lymphnode (LN)–infiltrating leukocytes and that it
displays tumor-promoting functions. Indeed, in prostate cancer
patients, its expression is tightly linked with advanced grade and
stage of the disease (12, 13). The current view that the TME can
impact a cell's stemness properties and thereby shape tumor
progression and therapeutic response, raises the questionwhether
the role of IL30 in prostate cancer biology is concealed in its effect
on PCSLC behavior (4). This possibility has been widely explored
in the present work.
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Materials and Methods
Cell cultures, flow cytometry, and MTT assay

Prostatic intraepithelial neoplasia-derived stem-like cells (PIN-
SC) were provided by Dr. Matteo Bellone (San Raffaele Scientific
Institute, Milan, Italy), who generated these cells from tumors
developed in transgenic adenocarcinoma mouse prostate
(TRAMP) model and characterized them in Mazzoleni and col-
leagues (14). The cell lines were authenticated by means of cell
surface staining andflow cytometry for characteristicmarkers, and
by their growth properties as described in ref. 14. PIN-SCs were
cultured in ultralow attachment flasks (Corning), at 37�C in a
humidified incubator, using serum-free medium (SFM), which
consisted of DMEM:F12 (1:1), GlutaMAX-I supplement (Invitro-
gen), 50 ng/mL heparin (Sigma-Aldrich), 20 ng/mL EGF, and 10
ng/mL bFGF (R&D Systems), as described in ref. 14. Cells were
cultured for less than 10 passages after thawing and occasionally
tested for Mycoplasma contamination, using the MycoAlert PLUS
Mycoplasma Detection Kit (Lonza), before experiments were per-
formed (last tested in 2016). Recombinant (r) murine (m) IL30
(#7430-ML) was purchased from R&D Systems. IL30 receptor (R)
expression in PIN-SCs was assessed by flow cytometry, and their
proliferation by MTT, as described in the Supplementary
Methods.

Transfection with IL30 expressing vector
Engineering of the IL30 lentiviral expression vector and its

transfection into PIN-SCs, were performed as described in the
Supplementary Methods.

IL30 silencing
Long-term silencing of IL30 in PIN-SC cells was achieved by

using short hairpin (sh) RNA Hush GFP-tagged lentiviral
vectors from Origene (sequences are provided in the Supple-
mentary Table S1), a gene-specific kit of four independent
shRNA constructs in lentiviral GFP vector, designed to target
mIL30 gene. Noneffective scrambled shRNA was used as a
control and the downregulation of IL30 expression was con-
firmed by real-time RT-PCR, Western blot and ELISA. The four
shRNAs, which showed a knockdown efficiency of 71%, 79%,
82%, and 89%, induced similar changes in proliferation rates,
sphere-forming potential and gene expression profiles. Thus,
we selected the constructs with the highest knockdown effi-
ciency (89% and 82%) for subsequent in vivo experiments. The
infected cells were sorted using a FACSAria II Cell Sorter and
GFP as marker.

CRISPR/Cas9-mediated IL30 gene knockout
To generate IL30 knockout (IL30�/�) PIN-SCs, we used

CRISPR/Cas9 technology, as described in the Supplementary
Methods (sequences of the two guideRNA used for CRISPR/
Cas9-mediated IL30 gene knockout are provided in the Supple-
mentary Table S2). IL30 knockout was validated by Western blot
and ELISA assay.

ELISA
The quantitation of Epstein-Barr virus–induced gene 3 (EBI3,

also known as IL27 subunit beta), IL27, and IL27p28/IL30 pro-
teins in the supernatant (sup) derived from (wild type and trans-
fected) PIN-SCs, was assessed using the Mouse EBI3 ELISA Kit
(LifeSpan BioSciences Inc.; detection sensitivity, 5.79 pg/mL), the

LEGEND MAX Mouse IL27 Heterodimer (BioLegend; detection
sensitivity, 16.9 pg/mL) and mIL27p28/IL30 Quantikine ELISA
kit (R&DSystems; detection sensitivity, 4.27 pg/mL), respectively,
according to the manufacturer's instructions.

Stat1 and Stat3 knockdown experiments
Silencing of Stat1 and Stat3, in PIN-SCs, was performed using

the FlexiTube GeneSolution (Qiagen). Two siRNAs, for each
transcription factor, with the highest knockdown efficiency, were
selected, as reported in the Supplementary Methods.

Western blotting
Western blotting was performed to assess EBI3 expression in

wild type PIN-SCs and IL30 expression in wild type PIN-SCs,
IL30PIN-SCs, IL30shPIN-SCs, IL30�/�PIN-SCs (and control
clones), and to assess STAT1 or STAT3 expression in PIN-SCs
transfectedwith siRNAs targeting Stat1or Stat3, as described in the
Supplementary Methods.

Sphere formation and colony formation assays
Sphere formation assay (by using the Extreme Limiting Dilu-

tionAnalysis, ELDA; ref. 15) and soft agar assaywere performed as
described in the Supplementary Methods.

Real-time RT-PCR and PCR arrays were performed as described
in the Supplementary Methods.

Chemotaxis and migration assay
To assess themigration capacity of IL30-treatedPIN-SCs toward

CXCL12 or CXCL13, we used the QCM 3-mm Chemotaxis Assay
24-well-Colorimetric kit (Millipore), according to the manufac-
turer's instructions.

Mouse studies
Prostatic tissues from B6 TRAMP mice (The Jackson Laborato-

ry) were used for immunoistochemical analyses. Normal prostate
tissue was obtained from 9 weeks, PIN from 11 weeks, and
adenocarcinoma from 28-weeks-old B6 TRAMP mice. Normal
prostates from 9-weeks-old C57BL/6J mice (Envigo) were used as
control. The tumorigenicity of PIN-SCs, was assessed by limiting
dilution analysis by injecting subcutaneously or orthotopically,
in C57BL/6J mice, a cell range from 2 � 106 to 1 � 10 cells per
animal (20 mice per group).

Histopathology, immunohistochemistry, and TUNEL staining
Histology, immunohistochemistry, and TUNEL staining were

performed as described in the Supplementary Methods, using the
antibodies (Ab) listed in the Supplementary Table S3. Double
immunostainings were performed as reported (13, 16). Prolifer-
ation index, microvessel and cell counts were assessed as
described in the Supplementary Methods.

Statistical analysis
For in vitro and in vivo studies, between-group differences

were assessed by Student t test or ANOVA with Tukey HSD test.
Between groups differences in sphere-forming potential were
evaluated by ELDA (15). All statistical tests were evaluated at an
a level of 0.05, using Stata version 13 (Stata Corp).

Ethics committee approval
For study on human prostate samples, written informed con-

sent was obtained from patients. The study was performed in
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accordance with the principles outlined in the Declaration of
Helsinki and approved by the ethical committee of the "G.
d'Annunzio" University (PROT 1945/09 COET of July 14,
2009). All animal procedures were performed in accordance with
institutional and European Community guidelines for animal
experiments, and approved by the Institutional Animal Care
Committee of "G. d'Annunzio"University (CEISA) and the Italian
Ministry of Health (Authorization n. 399/2015-PR).

Results
PCSLCs release and respond to IL30, which increases their
viability and self-renewal ability

Murine PCSLCs were isolated, and characterized by Mazzo-
leni and colleagues (14), from PIN that spontaneously devel-
oped in 11-week-old TRAMP mice (14), hemizygous for the rat
probasin (Pb)-SV40gp6 large T antigen (Tag) transgene in a
C57BL/6J background (17), a model of prostate cancer (18)
that recapitulates the human disease (17). These cells, herein-
after referred to as PIN-SCs, showed a Sca-1þ/CD133þ/CD44hi/
a2b1hi/CD49f phenotype (19) and lacked androgen receptor
and synaptophysin (14). PIN-SCs showed endless self-renewal
ability, multilineage differentiation, tumorigenic potential,
PCSLC-specific molecular signature (14) and expressed prostate
cancer–associated antigens, but did not express Tag (19). When
injected in nude mice, PIN-SCs reproduce, to some extent, the
spontaneous tumor of origin (14).

To assess whether PIN-SCs might respond to IL30 stimulation,
we first investigated the expression of what is currently
known to be the IL30 receptor (R; ref. 20). PIN-SCs express both
IL30R chains, gp130 (CD130; 99.9%) and IL6Ra (CD126;
9.5%; Fig. 1A), and constitutively express and release IL30
(182.82 pg/mL; Fig. 1B–D), whereas they do not produce and
release neither EBI3, nor IL27heterodimer, as assessed byWestern
blot and ELISA assay (Supplementary Fig. S1). The normal pros-
tatic epithelium, from both B6 TRAMP and C57BL/6J mice, was
negative for IL30 immunostaining, whereas PIN (21), fromwhich
PIN-SCs originate, was negative, except for Sca-1þ cells found in
the basal cell layer (Fig. 1E). The poorly differentiated carcinoma
from TRAMP mice, which develops between 25 and 30 weeks of
age (18), revealed a moderate to strong IL30 expression (Fig. 1E).
Both PIN and poorly differentiated tumors expressed the two
IL30R chains (Fig. 1F), which were also found in human PIN and
prostate cancer (Supplementary Fig. S2).

In humans, IL30was also absent in the normal prostatic glands,
whereas it was expressed by rare CD133þ stem-like cells located in
the basal layer of PIN and inmost of high-grade and stage prostate
cancers (Fig. 1G), as previously observed (13).

To assess whether IL30 may serve as a growth factor for PIN-
SCs, we analyzed their proliferation in response to rIL30 (2–
200 ng/mL). IL30 significantly (P < 0.01) increased PIN-SC
proliferation starting from 2 ng/mL and reaching a maximum at
50 ng/mL (Fig. 2A), whereas it was consistently (P < 0.05)
hampered by the addition of anti–IL30Abs (Fig. 2B). Assess-
ment of PIN-SCs' viability, after lentivirus(LV)-mediated trans-
duction of IL30 gene (IL30PIN-SCs) and after shRNA silencing
of IL30 gene (IL30shPIN-SCs. Clones D and B are represented),
which respectively, increased or suppressed production of the
cytokine, corroborated these data and also revealed that small
changes (an increase of �2.24 ng/mL or a decrease of �0.176
ng/mL, respectively) in the amount of the cytokine released by

tumor cells determined significant biological effects (Fig. 2B).
In fact, proliferation was consistently (P < 0.01) increased in the
former clone, whereas it was dramatically decreased in these
last two clones, when compared with controls, namely emp-
ty�vector (EV)-IL30 gene–transfected PIN-SCs (EV-IL30PIN-
SCs), scrambled shRNA-transduced PIN-SCs (EV-IL30shPIN-
SCs) and wild type PIN-SCs (Fig. 2B). The knockout of IL30
in PIN-SCs (IL30�/�PIN-SCs) with CRISPR/Cas9-based
approach (Supplementary Fig. S3) confirmed the autocrine
function of the cytokine causing a substantial reduction in
their proliferation (Fig. 2B).

PIN-SC's ability to form colonies and generate new spheres was
significantly increased by rIL30 (20–100 ng/mL), starting from 50
ng/mL (P < 0.0001), when compared with controls (Fig. 2C–E).
Clonogenic and sphere formation capabilities of PIN-SCs were
significantly reduced by anti-IL30Abs (P < 0.001) and by IL30-
knockdown in IL30shPIN-SCs (P < 0.01) or IL30 knockout in
IL30�/�PIN-SCs (P < 0.01), when compared with controls. More-
over, the number of both newly formed colonies and spheres was
greatly increased in IL30PIN-SCs (P < 0.01), when compared
with controls. Notably, the addition of anti–IL30Abs to the culture
mediumof IL30PIN-SCs abolished this response and inhibited their
colony and sphere formation capabilities (P < 0.01; Fig. 2C and F).

IL30 boosts the tumorigenicity of PCSLCs, whereas its
silencing prevents or delays tumor onset and progression

The effect of IL30 on the self-renewal ability of PIN-SCs was,
then, tested in congenic, immune-competent C57BL/6J mice, to
investigate the tumor–host relationship. The tumorigenicity of
PIN-SCs was first tested, by limiting dilution analysis, with
subcutaneous cell injections (Table 1). The lowest number of
PIN-SCs capable of generating a subcutaneous tumor in, at least,
20% ofmice was 2� 104.When orthotopically injected, the same
number of cells resulted in 50%of tumor take, whereas the lowest
number of cells able to generate a tumor decreased to 1� 10, with
5% of tumor take. IL30 overproduction, by IL30PIN-SCs,
increased the tumor take and reduced the latency time, at all
tested cell concentrations (Table 1).

Immunohistochemical analyses of orthotopic IL30PIN-SC
tumors revealed that, in comparison with the IL30PIN-SC tumors
developed after subcutaneous implantation of the same number
of cells (2 � 104), their Sca1þ/IL30þ cancer cell content was
significantly higher (86.5 � 10.2% vs. 64.0 � 11.3%, Student t
test,P<0.05; Fig. 2G). Sca-1þ cellsweremuchmore represented in
orthotopic versus subcutaneously untransfected (68.0% � 7.0%
vs. 45.0% � 6.1%, P < 0.05), or wild-type PIN-SC tumors (Fig.
2H), although their number significantly decreased when com-
pared with orthotopically developed IL30PIN-SC tumors (P <
0.05; Fig. 2G; Supplementary Fig. S4). Cell counts were assessed
by light microscopy on immunostained sections, with Qwin
image analysis software, as described in the Supplementary
Methods. The orthotopic implantation may thus select for
stem-like cell phenotype and self-renewal capability, whereas
IL30 promotes stemness whatever the site of tumor growth is.

Next, to assess whether, in the TME, IL30, by binding EBI3,may
function as IL27 (20), we evaluated EBI3 expression in both
subcutaneous and orthotopic PIN-SC tumors, and found it was
undetectable (Supplementary Fig. S5).

The tumorigenicity of PIN-SCs was finally assessed in the
presence of both IL30 overproduction, using IL30PIN-SCs, and
IL30 silencing, using IL30shPIN-SCs, to mimic in vivo the
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paracrine or autocrine cytokine loops. The subcutaneous implan-
tation of tumor cells allow for a precisemeasurement of themean
tumor volume (MTV) and mean latency time (MLT).

In the first set of experiments, three groups of mice were
subcutaneously inoculated with 2 � 104 of PIN-SCs, or EV-
IL30PIN-SCs, or IL30PIN-SCs (Fig. 2I and J). The first tumormass

Figure 1.

Expression of IL30 and IL30R by PCSLCs, murine, and human prostate tissues. A, Cytofluorimetric analyses of gp130-(CD130) and IL6Ra- (CD126) expression
in PIN-SCs. B, Relative expression� SD of IL30 mRNA. CTRL, PIN-SCs. ANOVA, P < 0.0001. � , P < 0.01, Tukey HSD test compared with CTRL, EV, or EV-IL30shRNA
(clones D and B). C, Western blot analyses of IL30 protein expression. D, ELISA assay of IL30 release by CTRL (182.82 � 6.9 pg/mL), EV-PIN-SCs (168.21 �
10.82 pg/mL), IL30PIN-SCs (2424.46 � 83.9 pg/mL), EV-IL30shPIN-SCs (170.44 � 13.09 pg/mL), and IL30shPIN-SCs (clone D, 6.76 � 1.87 pg/mL; clone B, 7.53
� 1.38 pg/mL). ANOVA, P < 0.0001. �, P < 0.01, Tukey HSD test compared with CTRL, EV, or EV-IL30shRNA (clones D and B). E, IL30 immunostaining in normal
prostate, PIN (11 weeks), and in poorly differentiated tumor (28 weeks) of TRAMP mice. IL30 (brown) colocalizes with Sca-1 (red) in PIN; scale bars, 50 mm
(left two); 30 mm (right two and inset). F, Expression of IL6Ra and gp130 in PIN and in poorly differentiated adenocarcinoma (AC) of TRAMPmice; scale bars, 50 mm
(left two); 30 mm (right two). G, IL30 immunostaining in normal prostate, PIN (IL30/CD133 colocalization), and in poorly differentiated adenocarcinoma; scale
bars, 20 mm (left two and inset); 30 mm (right two).
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to appear, after 39 days, was in the group of mice injected with
IL30PIN-SCs. Ninety-three percent (42/45) of these mice devel-
oped a tumor with a 52 days MLT. Thus, the tumor take was
significantly higher (ANOVA, P<0.0001; TukeyHSD test, P<0.01
vs. both controls) and the MLT considerably shorter (ANOVA,
P < 0.0001; Tukey HSD test P < 0.05 vs. both controls) than what
was observed in mice inoculated with PIN-SCs or EV-IL30PIN-
SCs,which developed tumors in 9/45 and3/45 cases, respectively,
after 77 and 66 days MLT. Furthermore, the mean volume of the
tumors developed after IL30PIN-SC injection was significantly
higher (ANOVA, P < 0.0001; Tukey HSD test, P < 0.01 vs. both
controls) than that observed in control mice.

In the second set of experiments, the consequences of blocking
endogenous IL30 on the tumorigenic capability of PIN-SCs was
assessed by subcutaneous inoculations of IL30shPIN-SCs, or EV-
IL30shPIN-SCs, or PIN-SCs (1 � 105 cells, which allows 100%
tumor take). As shown (Fig. 2K and L), 27% of mice inoculated
with IL30shPIN-SCs did not develop any tumor, whereas the
remaining (33/45; 73%)developed very small tumorswith aMTV
significantly lower than in controls (ANOVA, P < 0.0001; Tukey
HSD test, P < 0.01 vs. both controls) and with a significantly
longer MLT (32 days), than in mice injected with PIN-SCs (23
days), or EV-IL30shPIN-SCs (23 days; ANOVA, P < 0.0001; Tukey
HSD test, P < 0.01 vs. both controls). The tumor take of IL30sh-
PIN-SCs was considerably reduced in comparison with EV-
IL30shPIN-SCs (42/45; 93%), or PIN-SCs (44/45; 98%; ANOVA,
P < 0.001; Tukey HSD test, P < 0.01 vs. both controls).

Therefore, in a congenic immunocompetent host, IL30 sub-
stantially increased PCSLC capability to generate a tumor and

sustain its development, whereas blocking its production consis-
tently weakened PIN-SC tumorigenicity.

PCNA immunostaining revealed that IL30PIN-SC tumors had a
higher proliferation index than controls (87.0% � 8.2% vs. EV-
IL30PIN-SC, 69.0% � 6.5% and PIN-SC tumors, 66.7% � 8.0%;
ANOVA, P < 0.05; Tukey HSD test, P < 0.05 vs. both controls). By
contrast, the proliferation index was consistently decreased in
IL30shPIN-SC tumors (39.5% � 7.0%) versus EV-IL30shPIN-SC
(70.0% � 6.2%) and PIN-SC tumors (ANOVA, P < 0.05; Tukey
HSD test,P<0.05 vs. both controls). Apoptotic events, assessed by
TUNEL, were substantially unchanged in both IL30-PIN-SC
(5.5% � 2.7% vs. EV-IL30PIN-SC, 7.6% � 3.8%) or IL30sh-
PIN-SC tumors (12.5% � 4.4% vs. EV-IL30shPIN-SC, 6.0% �
3.5%; ANOVA, P < 0.05; Tukey HSD test, P < 0.05; Fig. 3A).
Vascularization was prominent in IL30PIN-SC tumors (mean
number of microvessels; MVD, 29.7 � 6.3 vs. EV-IL30PIN-SC,
17.5 � 4.0 and PIN-SC tumors, 18.0 � 4.7; ANOVA, P < 0.05;
Tukey HSD test, P < 0.05 vs. both controls). Furthermore, as
observed in IL30–conditioned breast cancer (16), the vascular
network showed an aberrant architecture characterized by ectatic
endothelial branches, frequently encircling wide cancer cell
emboli. By contrast, the vascular network appeared fairly pruned
in IL30-silenced tumors (MVD, 7.8 � 3.4 vs. 17.9 � 5.2 in EV-
IL30shPIN-SC tumors; ANOVA, P <0.05; TukeyHSD test, P <0.05
vs. both controls).

Along with a stronger IL30 production (Fig. 3B), IL30–over-
expressing tumors were enriched in Sca-1þ cells, when compared
with controls. Their immune cell infiltrate was prominent and
mainly constituted of F4/80þmacrophages, CD11bþmyeloid

Table 1. Tumorigenicity of PIN-SCs implanted in congenic host

Subcutaneous Orthotopic
PIN-SCs PIN-SCs IL30PIN-SCs

Cell number Efficiency (%)
Tumor onset
time (days) Efficiency (%)

Tumor onset
time (days) Efficiency (%)

Tumor onset
time (days)

2 � 106 100 18 — — — —

5 � 104 100 28 — — — —

4 � 104 70 55 — — — —

3 � 104 60 63 — — — —

2 � 104 20 68 50 60 85 48
1 � 104 — — 40 70 78 61
5 � 103 — — 20 84 45 76
1 � 103 — — 10 95 20 86
1 � 101 — — 5 120 10 105

Figure 2.
Effects of IL30 on PCSLC proliferation, self-renewal, and tumorigenicity. A, MTT assay of PIN-SCs 48 hours after rIL30 treatment. ANOVA, P < 0.0001. � , P < 0.01,
Tukey HSD test compared with untreated PIN-SCs. �� , P < 0.05, Tukey HSD test compared with untreated PIN-SCs. ��� , P < 0.01, Tukey HSD test compared
with PIN-SCs untreated and treated with rIL30 at 2, 10, 30,100, and 200 ng/mL. B, MTT assay of PIN-SCs after treatment with rIL30 (50 ng/mL), or IL30
overexpression, silencing, or knockout. ANOVA, P <0.0001. � , Tukey HSD test comparedwith CTRL and EV-IL30shRNA (P <0.01) or EV (P <0.05). ��, P <0.01, Tukey
HSD test compared with CTRL, EV, or EV-IL30shRNA. ��� , Tukey HSD test compared with CTRL (P < 0.05) or EV (P < 0.01). x, P < 0.01, Tukey HSD test compared
with CTRL or EV. xx, P < 0.01, Tukey HSD test compared with EV or IL30LV-DNA. C, Colony formation of PIN-SCs after treatment with rIL30 (50 ng/mL),
or IL30 overexpression, silencing, or knockout. ANOVA, P < 0.0001. � , P < 0.01, Tukey HSD test comparedwith CTRL, EV, EV-IL30shRNA. �� , P < 0.01, Tukey HSD test
compared with CTRL or EV. ��� , P < 0.01, Tukey HSD test compared with EV or IL30LV-DNA. D, Sphere-forming capability of PIN-SCs (by ELDA, P < 0.0001)
15 days after treatment with rIL30. � , P < 0.01, c2 test compared with untreated PIN-SCs, or treated with 30 or 100 ng/mL. E, PIN-SC–derived spheres were
dissociated, seeded at concentrations of 1 cell/well, and treated with or without rIL30 (50 ng/mL); scale bars, 100 mm. F, Sphere-forming capabilities (by
ELDA, P < 0.0001) of PIN-SCs after treatment with rIL30 (50 ng/mL), or IL30 overexpression, silencing (clones D and B), or knockout. � , P < 0.01, c2 test compared
with CTRL, EV, or EV-IL30shRNA. �� , P < 0.01, c2 test compared with CTRL or EV. ��� , P < 0.01, c2 test compared with EV or IL30LV-DNA. G,
Histology and immunohistochemistry (IL30/Sca-1 colocalization) of subcutaneous and orthotopic IL30PIN-SC tumors; scale bars, 50 mm(top right); 30 mm(top left);
20 mm (bottom). H, Sca-1 immunostaining of subcutaneous and orthotopic EV-IL30PIN-SC tumors; scale bars, 30 mm. I and K, Percentage of tumors
developed after implantation of IL30–overexpressing (I) or IL30-silenced (K) PIN-SCs (ANOVA, P < 0.001; Tukey HSD test, P < 0.01 vs. both controls).
J and L, Mean volume of tumors developed after implantation of IL30–overexpressing (J) or IL30–silenced (L) PIN-SCs (ANOVA, P < 0.0001; Tukey HSD
test, P < 0.01 vs. both controls). H&E, hematoxylin and eosin.
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Figure 3.

Effects of IL30 overproduction or silencing on subcutaneous PCSLC-derived tumors. A, Histology and immunohistochemistry of IL30PIN-SC and IL30shPIN-SC
tumors versus controls; scale bars, 50 mm (bottom); 30 mm (other and inset). B, Immunohistochemical features of IL30PIN-SC and EV-IL30PIN-SC tumors;
scale bars, 30 mm; 20 mm (granulocytes). C and D, Immune cells in IL30–overexpressing (C) or IL30-silenced (D) PIN-SC tumors. Results are expressed as
mean � SD of positive cells/field evaluated at �400 (0.180 mm2 field) by immunohistochemistry. �, values significantly (P < 0.05) different from controls. H&E,
hematoxylin and eosin.
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cells, and Ly-6Gþgranulocytes. These leukocyte populations
were poorly represented inside IL30–silenced tumors when
compared with controls, whereas the number of CD3þT lym-
phocytes (both CD8þ and CD4þ), Foxp3þTregs and NKp46
cells was substantially unchanged in both IL30–overexpressing
and IL30-silenced tumors when compared with controls (Fig.
3B–D).

IL30 regulates PCSLC expression of genes involved in
inflammation, immune-suppression andmetastasis, mostly via
STAT1/STAT3 signaling

The intratumoral reactive cell recruitment found in IL30–con-
ditioned tumors lead to the assessment of IL30's capability to
regulate, in PCSLCs, the expression of genes implicated in inflam-
mation and immune cell crosstalk.

Stimulation of PIN-SCs with rIL30 upregulated chemokines,
such as Ccl4 (5.92-times), Ccl20 (3.9-times), Cxcl1 (3.02-times),
Cxcl2 (3.05-times), Cxcl9 (3.19-times), and Cxcl10 (3.30-times),
whereas Cxcl5, Cxcl11 and Cxcl12 were downmodulated (7.11,
3.62, and 9.99-times, respectively). IL30 also promoted the
expression of inflammatory mediators and growth factors, such
as IL6 (3.5-times), IL15 (2.71-times), Csf3 (2.8-times), Spp1/
osteopontin (2.14-times), Ptgs2 (4.0-times), Vegfa (2.37-times), Egf
(4.21-times) and, especially, IL1a (7.67-times), IL1b (5.35-
times), Csf2 (5.08-times) and Tnfa (15.45-times), whereas IL5,
IL23a and Egfr were downregulated (2.69, 2.84, and 3.06-
times; Fig. 4A).

Interestingly, expression of interferon–inducible guanylate-
binding protein 2b (Gbp2b) was consistently reduced (15.0-
times), whereas expression of Cd274/PD-L1 and Foxp3 was
increased (3.18 and 3.32-times, respectively), along with H2-d1
(2.72 times), Myd88 (2.60-times), and most of all Toll-like-
receptor-3 (Tlr3; 9.68-times) and the c-Kit ligand (Kitl; 17.69-
times; Fig. 4A). Furthermore, IL30 treatment greatly increased
PIN-SC's expression of chemokine receptors Ccr1 (52.0-times),
Cxcr1 (13.0-times), Cxcr4 (17.39-times), and Cxcr5 (34.9-
times; Fig. 4A).

Furthermore, silencing of endogenous IL30, in PIN-SCs, sup-
pressed the expression of the genes primarily regulated by IL30,
such as Ccr1, Cxcl2, Cxcr1, Cxcr4, Cxcr5, Kitl and Tnfa, whereas it
upregulated Cxcl12 (Fig. 4B).

Immunohistochemistry substantiated PCR array data, reveal-
ing a distinct to strong expression of IL1b, Tnfa, IL6, Csf2,
Cxcl2, Egf and Cd274/PD-L1 in IL30PIN-SC tumors, when
compared with controls (Fig. 4C). Increased PD-L1 expression
not only involved cancer cells in IL30PIN-SC tumor, but also
tumor- and draining LN-infiltrating immune cells (Fig. 4D).
IL30—overexpressing tumors also revealed a remarkable cancer
cell expression of Ccr1, Cxcr4, and Cxcr5, which was scanty in
control tumors (Fig. 4E).

Because the engagement of gp130 by IL30 (20, 22), activates
the Janus family kinases and leads to the recruitment, phos-
phorylation and activation of STAT1 and STAT3, and because
we detected an increase in their phosphorylation (p) status in
PIN-SCs following IL30 stimulation (Supplementary Fig. S6),
we proceeded to knockdown these transcription factors (Fig.
4F) and to assess their involvement in IL30–dependent regu-
lation of the major inflammatory mediators and tumor pro-
gression genes. Silencing of both Stat1 and Stat3 substantially
(P < 0.05) hampered or abolished the genes primarily regulated
by IL30, except for IL1b, Csf2 and Cxcl1 whose expression was

affected by Stat3 silencing only (Fig. 4G). In particular, IL30-
dependent upregulation of Ccl4, Csf2, Cxcl1, Cxcl2, Cxcr4,
IL1a, Tnfa and Vegfa was abolished by Stat3 knockdown,
whereas the upregulation of Egf was abolished by Stat1 knock-
down-(Fig. 4G and H; ref. 23).

IL30 conditioning of orthotopically implanted PCSLCs
promotes their metastasis to the lung, which involves the
CXCL12/CXCR4 axis

IL30's ability to boost, in vitro and in vivo, in PIN-SC the
expression of genes involved in inflammation, tumor progression
and metastasis, prompted us to investigate whether IL30 condi-
tioning of the prostate microenvironment could affect PCSLCs
spread to distant organs. To this aim, three groups of mice
underwent intra-prostatic implantation of IL30PIN-SCs (1 �
104, able to generate tumor in 78% of mice) or EV-IL30PIN-SCs
or PIN-SCs (4� 104 cells, able to generate tumor in 80%ofmice).
Thus, for each group, a number of cells resulting in a comparable
tumor take was used and mice were maintained until evidence of
suffering was observed (about 80 days).

Autopsy of mice and histopathological analyses (prostate,
pelvic LNs, spleen, liver, lungs, spinal column, and bonemarrow)
revealed that the lungs were the favorite site of PIN-SCmetastasis.
The number ofmice with lungmetastases was significantly greater
in the group of mice bearing intraprostatic IL30–overexpressing
tumors (tumor take 33/45; 73%). In fact, 82% (27/33) of these
mice developed metastasis, whereas only 46% (16/35) of mice
bearing EV-IL30PIN-SC tumors (tumor take 35/45; 78%) and
52% (16/31) of mice bearing PIN-SC tumors (tumor take 31/45;
69%) developed metastasis (ANOVA, P ¼ 0.025572; Tukey HSD
test, P < 0.05 vs. both controls). In all mice, metastasis arose as
sub-pleural and peri-bronchial neoplastic infiltrates, which were
wider in mice bearing IL30-overexpressing tumors (Fig. 5A).
Intriguingly, immunohistochemistry revealed a strong expression
of the CXCR4 ligand, CXCL12 (24), typically in the mesothelium
and in the pseudo-stratified epithelium lining the inner bronchial
walls, in lungs with or without metastasis, developed from IL30-
or EV-IL30PIN-SC tumor-bearing mice (such as in lungs from
control tumor free mice). However, IL30–conditioned lung
metastases, such as the tumor of origin, strongly expressed
CXCR4, whereas metastasis from EV-IL30PIN-SC tumors showed
a scanty CXCR4 expression (Fig. 5B). CXCL12 expression was
barely detected in the prostate draining LNs and in bone marrow
from all mouse groups.

To assess the involvement of CXCR4/CXCL12 in the higher
propensity to lung metastasis of IL30PIN-SCs versus EV-
IL30PIN-SCs, we analyzed the chemotactic response of PIN-
SCs toward CXCL12, following their treatment with rIL30 or
IL30PIN-SCsup (Fig. 5C). The number of PIN-SCs that migrat-
ed toward CXCL12 was significantly higher after 48 hours
pretreatment with rIL30 (50 ng/mL) or IL30PIN-SCsup. Addi-
tion of anti–IL30Abs to IL30PIN-SCsup–treated PIN-SCs sig-
nificantly decreased (P < 0.05), but did not abolish, their
migration toward CXCL12. Indeed, the chemotactic response
of IL30–treated PIN-SCs to CXCL12, increased with IL30 con-
centration (from 50 to 200 ng/mL). The CXCL12 dependent
chemotaxis of PIN-SCs, induced by rIL30 or IL30PIN-SCsup,
was abrogated by anti-CXCR4 Abs, whereas it was maintained
in the presence of isotype control Abs, thus supporting a role
for CXCR4 upregulation in IL30–dependent PIN-SC coloniza-
tion of the lungs.
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Figure 4.

IL30's ability to regulate gene expression of PCSLCs and PCSLC-derived tumors. A, Fold differences of mRNAs between rIL30–treated and untreated
PIN-SCs. A significant threshold of 2-fold change in gene expression corresponded to P < 0.001. B, Fold differences of mRNAs between IL30shPIN-SCs and EV-
IL30shPIN-SCs. Results from the latter are comparable to those from untransfected cells. A significant threshold of 2-fold change in gene expression corresponded
to P < 0.001. C–E, Immunohistochemical features of prostate draining LNs, IL30PIN-SC, and EV-IL30PIN-SC orthotopic tumors; scale bars, 30 mm. F, Silencing of
STAT1 and STAT3 in PIN-SCs, as confirmed byWestern blot.G, Fold differences ofmRNAs between Stat1 siRNA- or Stat3 siRNA- or CTRL siRNA-transfected PIN-SCs
cultured with rIL30 and untreated CTRL siRNA-transfected PIN-SCs. Results from the latter are comparable with those from untreated and untransfected cells. A
significant threshold of 2-fold change in gene expression corresponded to P < 0.001. � , P < 0.05 by Student t test compared with rIL30–treated CTRL
siRNA-transfected PIN-SCs. H, Fold differences of mRNAs between Stat1 siRNA- or Stat3 siRNA-transfected PIN-SCs cultured with rIL30 and rIL30–treated CTRL
siRNA-transfected PIN-SCs. A significant threshold of 2-fold change in gene expression corresponded to P < 0.001.
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Figure 5.

IL30 favors PCSLC metastasis to the lungs involving CXCR4/CXCL12 axis. A, Histology and immunohistochemistry of lung metastasis in IL30PIN-SC and
EV-IL30PIN-SC tumor bearingmice. Scale bars, 50 mm(bottom); 30 mm(other).B, Expression of CXCR4 andCXCL12 in lungmetastasis developed in IL30PIN-SC and
EV-IL30PIN-SC tumor-bearing mice; scale bars, 30 mm. C, Migration of IL30–treated PIN-SCs toward CXCL12. Results are expressed as mean � SD. ANOVA, P <
0.0001. � , Tukey HSD test compared with CTRL and rIL30þAb-CXCR4 (P < 0.05) or EVsup and IL30LV-DNAsupþAb-CXCR4 (P < 0.01). �� , P < 0.01, Tukey HSD test
comparedwith CTRL, rIL30þAb-CXCR4, EVsup, and IL30LV-DNAsupþAb-CXCR4. ��� , TukeyHSD test comparedwith CTRL, rIL30þAb-CXCR4, EVsup, and IL30LV-
DNAsupþAb-CXCR4 (P<0.01) or IL30LV-DNAsup (P<0.05).D,Histology and immunohistochemistry of lungmetastasis inmice bearing orthotopic IL30PIN-SC and
EV-PIN-SC tumors; scale bars, 50 mm; 30 mm (bottom and insets). E, Immune cells in lung metastasis of mice bearing orthotopic IL30PIN-SC tumors
versus controls. Results are expressed as mean � SD of positive cells/field (�400) evaluated by immunohistochemistry. � , values significantly (P < 0.05) different
from values in EV-PIN-SC and PIN-SC tumors. H&E, hematoxylin and eosin.
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IL30–conditioned lung metastases were enriched in ectatic
microvessels, when compared with metastases from EV-
IL30PIN-SC tumors (Fig. 5D, hematoxylin and eosin). They
were formed by highly proliferating (PCNAþ), and mostly Sca-
1þ cancer cells and revealed a consistent CD11bþ, Ly-6Gþ and
F4/80þ cell infiltrate when compared with controls (Fig. 5D
and E).

The IL30 conditioning of orthotopically implanted PCSLCs
favors their spread to the lymph nodes and bone marrow
involving CXCR5/CXCL13 axis

Although the lungs appeared as the main site for metastatic
outgrowth, dissemination of PCSLCs was found in both bone
marrow and, particularly, pelvic LNs, more frequently in mice
bearing intra-prostatic IL30PIN-SC tumors. These tumors diffuse-
ly grewwithin the prostatic ducts and encompassed the surround-
ing vessels, in which isolated Sca-1þ/IL30þ cells were frequently
visualized (Fig. 6A). This feature, in line with the high metastatic
capability of IL30PIN-SC cells, raises the question of the mechan-
isms underlying IL30 promotion of PCSLC dissemination.

Interestingly, pelvic LNs draining IL30-conditioned tumors
were usually larger, thus more easily detectable than LNs from
control tumor-bearing mice. Their expansion was mainly due to
hyperplasia of the sinuses histiocytes, mostly expressing
CXCL13, and follicular B cell zone, which revealed wide ger-
minal center containing tangles of CXCL13þ follicular dendrit-
ic-like cells (Fig. 6B). Automated evaluation, by light micros-
copy, with Qwin Image analysis software, of CXCL13 expres-
sion (evaluated as the mean percentage � SD of positively
stained area/total area of the examined fields) in LNs draining
prostatic tumors, revealed that it was substantially increased in
LNs from mice bearing IL30PIN-SC tumors, when compared
with LNs from mice bearing EV- IL30PIN-SC or PIN-SC tumors
(20 � 5 vs. 6 � 4 and vs. 7 � 3, respectively; ANOVA, P < 0.05;
Tukey HSD test, P < 0.05 vs. both controls). Close to the
CXCL13 expression, by germinal centers and by histiocyte-like
cells, the turnout of CK5/6þ cancer cells (evaluated, by light
microscopy with Qwin software, as the mean � SD of positive
cells/field; ref. 25) was prominent in LNs draining IL30PIN-SC
tumors, than in LNs draining EV-IL30PIN-SC or PIN-SC tumors
(43 � 14 vs. 12 � 7 and 11 � 5, respectively; ANOVA, P < 0.05;
Tukey HSD test, P < 0.05 vs. both controls). CK5/6þ cells,
detected in LNs draining IL30PIN-SC tumors or EV-IL30PIN-SC
tumors, coexpressed Sca-1, which indicates that they were
PCSLCs (Fig. 6B).

In addition, vertebral bone marrow from mice bearing IL30–
overexpressing or control tumors, revealed scattered CK5/6þ cells
more frequently inmice bearing IL30PIN-SC tumors, and close to
CXCL13þ stromal cells endowed with macrophage- and osteo-
blastic-like feature (Fig. 6C).

The chemokine CXCL13 is the only ligand for CXCR5 (26),
which was consistently up-regulated in IL30–treated PIN-SCs and
in IL30PIN-SC tumors. Thus, we tested the chemotactic response
of PIN-SCs to CXCL13, after treatment with rIL30 or with
IL30PIN-SCsup (Fig. 6D). The number of PIN-SCs, whichmigrat-
ed toward CXCL13, was significantly higher, after 48 hours
treatment with rIL30 (50 ng/mL) or IL30PIN-SCsup, which effect
was vanished by the addition of anti–IL30Abs to themedium. The
chemotactic response of IL30-treated PIN-SCs to CXCL13,
increased with IL30 concentration (from 50 to 200 ng/mL).
Chemotaxis toward CXCL13, promoted by rIL30 or IL30PIN-

SCsup, was abrogated by anti-CXCR5Abs, thus highlighting the
role of CXCR5 upregulation in IL30–dependent PIN-SC migra-
tion and dissemination.

Discussion
Originally identified in activatedmonocytes anddendritic cells,

in humans, in the thymus and in activated macrophages, in mice
(11), IL30, has been recognized with its own immunological
identity demonstrating anti-inflammatory (27) and antifibrotic
effects (28), and the ability to suppress autoimmunity (29).
However, it may also reveal a pro-inflammatory potential,
because it is known to signal, like IL6, via IL6Ra by recruiting
a gp130 homodimer (20).

Recently, we found that IL30 is produced in breast and prostate
cancers, by both cancer cells and tumor- or LN-infiltrating leu-
kocytes, mostlymyeloid cells, particularly in high-grade and stage
of the diseases (13, 16). The present study hasmade a step forward
in understanding IL30's role in prostate cancer biology by dis-
closing autocrine and paracrine pathways triggered by the cyto-
kine to shape the fate of PCSLCs in an orthotopic immune-
competent model, which closely mimics a real "PCSLC niche
microenvironment."

In the TRAMP model, as observed in prostate cancer
patients, IL30 is produced by the majority of cancer cells in
high-grade, poorly differentiated prostate cancer (13), whereas
it is confined to PCSLCs in precursor lesions, such as PIN.
Isolated from this lesion, PCSLCs, namely PIN-SCs, produce
and release IL30, which can act at very low dosage on the cells
themselves, because they express both gp130 and, although at
low levels, IL6Ra (20), but also on the microenvironment
when PIN-SCs are implanted into a congenic host. Almost
devoid of EBI3, this tissue microenvironment prevents IL30 to
engage IL27R on locally available leukocytes, and thus to act
like IL27 (20).

As expected, PIN-SC better survive and give rise to a tumor, in
the orthotopic rather than in the subcutaneous site, in which
the stemness phenotype is no longer maintained. In both
microenvironments, however, IL30 increases PCSLC tumorige-
nicity providing in vivo confirmation of its ability to boost
PCSLC viability and self-renewal capability. These properties
appear to be considerably weakened by silencing, with specific
shRNA, or knocking out, with CRISPR/Cas9-based approach,
the constitutive expression of the cytokine, thus strengthening
its role as a novel PCSLC growth factor. The potential off-target
effect was ruled out by the use of four independent shRNA
constructs, and two guide RNA sequences, designed to selec-
tively target mIL30 gene, which resulted in comparable in vitro
effects (30).

Furthermore, the peculiar expression profile of inflammation-
and immunity-related genes shaped by IL30 in PCSLCs, reveals its
ability to promote a pro-oncogenic andmetastatic phenotype and
to govern the intratumor immune cell homing.

Among the dominant traits of the subverted PCSLC phenotype
is the strengthening of tumor immune-evasion strategies, such as
the dramatic downmodulation of the expression of Gbp2b, an
IFNg inducible protein, which is controlled by p53 and may
function as a tumor suppressor by inhibiting NFkB and Rac. It
has been correlated with a T-cell signature and a better prognosis
in fast proliferating tumors (31). Noteworthy is the IL30–medi-
ated upregulation of Cd274/PD-L1, which is consistent with an
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increased adaptive immune resistance (32, 33) and of Foxp3,
which is believed to enable the immune evasion of cancer cells
and has long been associated with worse prognosis in breast and
pancreatic cancers (34, 35).

An impressive upregulation of TLR3 and Kitl, was caused by
IL30 in PCSLs. TLRs expressed by immune cells, play a crucial
role in the innate and adaptive immune responses against

microbial infection or tissue injury (36). However, activated
TLR signals on cancer cells may promote cancer progression
and resistance to host immune responses (37, 38). An ambig-
uous role has been ascribed to TLR3 when expressed by cancer
cells, because its activation can trigger apoptosis as well as
stimulate cancer cell survival, proliferation, and migration
(39, 40) and also activate inflammatory-related molecules in

Figure 6.

IL30 promotes PCSLC dissemination in the LNs and bone marrow involving CXCR5/CXCL13 upregulation. A, Histology and immunohistochemistry of IL30PIN-SC
orthotopic tumors. Isolated Sca-1þ/IL30þ cells (red arrow) inside the blood vessels; scale bars, 50 mm (left); 20 mm (right). B, Immunohistochemistry of LNs
draining IL30PIN-SC or EV-IL30PIN-SC orthotopic tumors. The inset shows CK5/6 staining of the primary tumor. In LNs, CK5/6þ colocalizes with Sca-1; scale bars,
30 mm; 20 mm (bottom). C, Immunohistochemistry of bone marrow from mice bearing IL30PIN-SC and PIN-SC orthotopic tumors; scale bars, 50 mm (top);
30 mm (bottom). D,Migration of IL30–treated PIN-SCs toward CXCL13. Results are expressed as mean� SD. ANOVA, P < 0.0001. � , Tukey HSD test compared with
CTRL and rIL30þAb-CXCR5 (P < 0.05) or EVsup and IL30LV-DNAsupþAb-CXCR5 (P < 0.01). �� , Tukey HSD test compared with CTRL, rIL30þAb-CXCR5,
EVsup, and IL30LV-DNAsupþAb-CXCR5 (P < 0.01) or IL30LV-DNAsup (P < 0.05).
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the TME (41). A robust expression of Kitl by cancer cells has
been demonstrated to promote intratumoral KitþCD11bþ cell
recruitment, which also occurs inside IL30–conditioned PIN-
SC tumors, whereas blocking of the Kitl/Kit axis slows-down
tumor progression and metastasis (42), thus suggesting it as
one of the mechanisms underlying IL30–driven tumor
progression.

Together with a prominent expression of Kitl, TLR3 and PD-L1,
able to oppose any host's attempt of mounting an antitumor
immune response, IL30 unbalances the TME toward a pro-inflam-
matory and angiogenic milieu dominated by IL1a, IL1b, IL6,
Csf2, Ptgs2 andmost of all ofTnfa, whichmaydirectly affect tumor
cell survival, but also have a role in immune cell recruitment and
pro-tumoral functions (43).

The intra-tumoral immune cell profile dictated by IL30,
which is mostly composed of macrophages, granulocytes and
myeloid derived cells, fits well with its ability to boost cancer
cell expression of a variety of chemokines, mostly myeloid cell
chemoattractants, such as Ccl4, Ccl20, Cxcl1, Cxcl2, Csf2, Csf3
(24, 44), whereas the expression of Cxcl5, Cxcl11 and, partic-
ularly of the lymphocyte chemoattractant Cxcl12 (24) was
inhibited.

STAT1 and STAT3 signaling are both involved in IL30's shaping
of the TME, because the pro-oncogenic and -inflammatory pro-
gram fostered by IL30 in PCSLCs is hindered or abolished by
knock-down of these transcription factors, with a relevant role for
the STAT3 pathway (23) in the regulation of a range of genes
crucial for cancer inflammation, vascularization and immune cell
recruitment such as, IL1a and b, Tnfa, Vegfa, Ccl4, Csf2, Cxcl1,
Cxcl2, and Cxcr4.

A prevalent myeloid cell infiltrate and a robust network of
ectatic microvessels, along with several secondary mediators,
previously demonstrated in IL30–treated mammary tumor
xenografts (16), are also the hallmark of IL30–driven tumor
growth and metastasis in the present PCSLC model. Indeed,
they characterize both the primary tumor and lung metastasis
and become heavily compromised, together with tumor pro-
gression, when PCSLC production of IL30 is silenced. Expres-
sion of growth factors, angiogenic and angiostatic mediators,
such as Egf, Vegfa (45), Spp1 (46), Cxcl9, and Cxcl10 (24) is
promoted by IL30 in PCSLs and may cooperate in conditioning
their niche microenvironment and their behavior. Certainly,
IL30 confers PCSLC with striking migration ability by greatly
improving their expression of chemokine receptors, in partic-
ular, Ccr1, Cxcr1, Cxcr4, and Cxcr5 (47).

Although the role of CCR1 and CXCR1, which may interact
with multiple ligands, remains to be investigated, here we dem-
onstrated that IL30 promotes PCSLC migration toward CXCL13
andCXCL12,which is preventedbyblocking, respectively, CXCR5
and CXCR4.

In vivo, IL30 overexpression by the primary tumor favors
PCSLC spread to the draining lymph nodes and bone marrow,
by boosting both the local production of CXCL13, which
creates a pre-metastatic niche microenvironment (48), and
PCSLC expression of CXCR5 (49, 50). IL30 overexpression
by the primary tumor also strengthens PCSLC propensity for
lung colonization, which involves CXCR4 and takes place,
selectively, close to the CXCL12þ pleural covering and bron-
chiolar walls. Interestingly, in vitro experiments suggest that
migration of PCSLCs toward CXCL12 does not just rely
on IL30 per se, but might be due to secondary mediators

autocrinally induced, because it is not abolished by adding
IL30Abs.

Although many aspects of the role of IL30 in prostate cancer
onset and progression and, specifically, in regulating PCSLCs,
such as its effects on the different components of the articu-
lated TME, remains to be elucidated, the present study demon-
strates, for the first time, that IL30 functions as an autocrine
growth factor for PCSLCs by directly supporting their viability,
self-renewal and migratory abilities, and strengthening their
tumorigenicity in a fully immunocompetent host, while pre-
paring an "ad hoc" premetastatic niche in the lymph nodes and
bone marrow that helps their systemic dissemination. The role
of STAT3 in prostate carcinogenesis is currently highly debated,
because contrasting data emerged from different studies (51–
53). In the clinical practice, the genetic and microenvironmen-
tal tumor heterogeneity may condition patient outcomes (54),
by regulating cancer cell plasticity and CSLC content. It is
established that the IL6/STAT3 pathway is crucial for the
maintenance of the Stem Cell phenotype in prostate cancer
(55, 56) and this justifies the importance of pursuing the
successful targeting of STAT3 in PCSLCs in vivo (57). It is
widely recognized that prostate cancer recurrence and lethality
is due to a small population of PCSLCs and their exit from a
steady state condition is driven by microenvironmental and
autocrine signals. Among these, IL30/IL6R/gp130 axis has
now revealed to be a key player in shaping PCSLC behavior
and metastatic potential. This new finding could help explain
the failure of an anti–IL6 Ab monotherapy with siltuximab in
metastatic castration-resistant prostate cancer patients (58),
and further warrants a study to target IL6R, also blocking IL30
signaling.

Suppressing PCSLC aggressiveness by selectively targeting an
upstream driver of their tumorigenicity could be translated into
an effective strategy to hinder prostate cancer progression or
recurrence with relevant clinical implications.
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