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Cervical (pre)neoplastic microenvironment
promotes the emergence of tolerogenic dendritic
cells via RANKL secretion
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intensity; OPG, osteoprotegerin; PBMC, peripheral blood mononuclear cells; pDC, plasmacytoid dendritic cells; RANKL, Receptor
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The progression of genital human papillomavirus (HPV) infections into preneoplastic lesions suggests that infected/
malignant cells are not adequately recognized by the immune system. In this study, we demonstrated that cervical/
vulvar cancer cells secrete factor(s) that affect both the maturation and function of dendritic cells (DC) leading to a
tolerogenic profile. Indeed, DC cocultured with cancer cell lines display both a partially mature phenotype after
lipopolysaccharide (LPS) maturation and an altered secretory profile (IL-10"9" and IL-12p70'°%). In addition, tumor-
converted DC acquire the ability to alter T-cell proliferation and to induce FoxP3™" suppressive T cells from naive CD4" T
cells. Among the immunosuppressive factors implicated in DC alterations in genital (pre)neoplastic microenvironment,
we identified receptor activator of nuclear factor kappa-B ligand (RANKL), a TNF family member, as a potential
candidate. For the first time, we showed that RANKL expression strongly increases during cervical progression. We also
confirmed that RANKL is directly secreted by cancer cells and this expression is not related to HPV viral oncoprotein
induction. Interestingly, the addition of osteoprotegerin (OPG) in coculture experiments reduces significantly the
inhibition of DC maturation, the release of a tolerogenic cytokine profile (IL-12'°% IL-10"9") and the induction of
regulatory T (Treg) cells. Our findings suggest that the use of inhibitory molecules directed against RANKL in cervical/
vulvar (pre)neoplastic lesions might prevent alterations of DC functionality and represent an attractive strategy to

overcome immune tolerance in such cancers.

Introduction

HPV infection has been found to be associated with the
majority of cervical and anal cancers. Half of vulvar and
penile neoplasms are also infected by one or several HPV
genotypes. Development of HPV-related cancers corresponds
to a multistep process preceded by well-defined changes in
the epithelium known as squamous intraepithelial lesions
(SIL). Although HPV oncoproteins play a key role in carci-
HPV not sufficient for cancer

nogenesis, alone is

development. Host immune response appears to be critical in
determining the outcome of infection as shown by the high
prevalence, persistence and recurrence of HPV infections in
immunodeficient women.'

In the last decade, accumulating data demonstrated that
the progression of HPV infections into (pre)neoplastic lesions is
associated with altered local immune responses and immunotol-
erance. Indeed, (pre)neoplastic cells create a tolerant microenvi-
ronment by activating a plethora of immunosuppressive
mechanisms, including the modulation of antigen-presenting
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cells (APC), upregulation of immunosuppressive factors and
accumulation of Treg cells.” Furthermore, SIL exhibit a high
expression of type II cytokines, a downregulation of IFNy and a
reduced density and function of Langerhans cells (LC).>* The
activation and maturation of these latter cells depend on the local
microenvironment and may be altered or polarized by different
factors. In the cancer setting, tumor cells have been reported to
produce factors such as IL-10, VEGF, TGF-p, IL-6, prostanoids
(PGE,) and M-CSF which inhibit or suppress both the differen-
tiation and activation of DC.” Cancers developing in the anogen-
ital tract are also known to secrete immunosuppressive factors,
buct little is known about their effect on DC function.

RANKL is a cytokine belonging to the TNF family that is
expressed on the surface of numerous cell types.® At least three
forms of RANKL exist and their expression is controlled by
numerous cytokines and hormones, commonly known as regula-
tors of the immune system and calcium homeostasis. All variants
can remain on the cell surface or can be proteolytically cleaved
into biologically active soluble forms. RANKL has been shown
to regulate many physiological processes such as bone remodel-
ing. In the cancer microenvironment, the importance of RANKL
and its decoy receptor OPG has been highlighted in many reports
demonstrating its role in regulating tumor cell metastasis to
bone.” Indeed, an aberrant production of RANKL by tumor cells
was reported to induce unregulated osteoclast-mediated bone
destruction and an increased tumor burden.® By inducing prolif-
erative changes, recent studies demonstrated a crucial function of
RANKL in breast cancer.”

The present study was designed to assess the effects of mole-
cules secreted by cervical cancer cells on DC maturation and
function. Our data showed that supernatants from tumor epithe-
lial cells significantly inhibit LPS-induced DC maturation. An
upregulation of IL-10 associated with a decreased IL-12p70
secretion in response to LPS was also demonstrated. Further-
more, DC exposed to genital cancer microenvironment had a
limited capacity to induce an allogeneic T-cell response while
promoting T-cell regulatory activity. Interestingly, RANKL was
overexpressed in SIL and squamous cell carcinoma (SCC) and
led to the tolerogenic function of DC. Indeed, significant
amounts of RANKL were detected in the supernatants of tumor
cells and OPG suppressed its tolerogenic effect. Moreover, the
tolerogenic function of DC was shown to be mediated by ILT3
expression. Taken together, our data suggest that neutralization
of RANKL might be an attractive approach to restore tumor-
associated DC functions in cancer.

Results

DC differentiated in the presence of genital SCC cell lines
display a semi-mature phenotype and a defective functional
activity

DC were cultured either alone (control DC), with normal
keratinocytes (KN) or genital SCC cell lines for 6 d and then
stimulated for maturation by LPS during 24 h. We found that
DC cultured in the presence of SCC cell lines presented a semi-
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mature phenotype determined by monitoring the expression of
surface markers CD80, CD83, CD86, HLA-DR, and CCR7.
Indeed, in terms of percentages of cells expressing these markers
(Fig. 1A) and mean fluorescence intensity (MFI) (Fig. S1), we
observed that all DC maturation markers studied (CD8O0,
CD83, CD86 and HLA-DR) were significantly reduced after
exposure to SCC cell lines when compared to control DC. Inter-
estingly, expression of CCR7, the lymph node homing receptor,
was significantly increased on DC when they were cocultured
with genital SCC cell lines. However, these latter results were
only observed when MFI was calculated. Except for the costimu-
latory marker CD80, the percentages of DC expressing the matu-
ration markers CD83, CD86, HLA-DR and CCR7 were not
statistically different when DC were cocultured with KN or alone
(control DC), showing that KN were not able to affect DC phe-
notype. For this reason, DC cultured alone were used as a control
(corresponding to 100% of maturation marker expression) for
the experiments with DC cocultured with genital SCC cell lines.

It is well known that IL-12 plays a significant role in the acti-
vation of the Thl immune response and, at the same time, that
IL-10 action results in a negative regulation of this process. Here,
we showed that DC cocultured with the CaSki, SiHa and C4II
cell lines secrete significantly more IL-10 than control DC
(Fig. 1B). No significant increase was observed with A431 cells.
In contrast to control DC, DC cocultured with the genital cell
lines CaSki, SiHa, C4II and A431 presented a reduced ability to
produce IL-12p70 in response to LPS (Fig. 1B). Therefore, the
IL-10/IL-12 ratio was significantly higher in DC cocultured with
genital SCC cell lines compared with control DC.

In order to determine if the downregulation of costimulatory
molecules observed at the surface of DC exposed to genital SCC
cell lines is able to influence DC stimulation of T-cell response, a
mixed lymphocyte reaction (MLR) assay was performed. We
showed that, compared to control DC, DC cocultured with genital
SCC cell lines, present a decreased ability to stimulate the prolifer-
ation of allogeneic T lymphocytes, especially when the effector-to-
responder ratio was the highest (1:40, 1:20) (Fig. 1C and Fig.
§2). This result suggests that DC exposed to genital cancer micro-
environment do not have the capacity to provide accessory signals
for an efhicient proliferation of allogeneic T lymphocytes.

As DC showing an IL-10"€" IL-12'" phenotype are well-
known to promote Treg cells differentiation, we performed a T-
cell suppressor assay to determine if DC exposed to the genital
cancer microenvironment in coculture assays have a similar prop-
erty. Allogeneic T cells were cultured with control DC or with
DC previously cocultured with keratinocytes (SiHa, CasKi, C4II
or KN) for 7 d (= MLR1) and then, in order to determine
whether some of these T cells exhibit a regulatory function, they
were cocultured with allogeneic DC and fresh T cells for 5 d
(= MLR2). As expected, T cells stimulated by control DC or
KN-DC did not present a suppressive function, as they did not
inhibit T-cell proliferation in the MLR2. In contrast, DC
exposed to genital SCC cell lines (CasKi, SiHa and C4II)
induced suppressive T cells. Indeed, we observed, in the MRL2
assay, a significantly reduced proliferation of T cells when com-
pared to the internal control corresponding to T cells only
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stimulated by DC but not exposed to
the MLR1 cell mixture and arbitrary
determined as 100% of proliferation

(Fig. 1D).

Genital carcinoma cells express
RANKL in vitro and in situ

We then investigated the molecu-
lar mechanisms potentially involved
in the acquisition of the DC immu-
nosuppressive functionality observed
after exposure to genital SCC cell
lines. By performing immunohis-
tochemistry (IHC), we observed that
RANKL is expressed in the uterine
exocervical epithelium but also in the
metaplastic squamous epithelium
lining the transformation zone and
in (pre)neoplastic lesions. Normal
epithelial tissues (both exocervical
and metaplastic) displayed a weak
RANKL immunoreactivity (Fig. 2A,
a and b). In contrast, preneoplastic
lesions (low-grade squamous intrae-
pithelial lesions (LSIL) and high-
grade intraepithelial lesions (HSIL))
and SCC were found to be strongly
positive for this cytokine with a dif-
fuse cytoplasmic staining (Fig. 2A,
c—e).

Compared to normal cervical tis-
sues, a semi-quantitative evaluation
of RANKL intraepithelial expression
indicated that preneoplastic lesions
and SCC are significantly associated
with an upregulation of this cyto-
kine. Moreover, RANKL expression
increased progressively during cervi-
cal carcinogenesis, suggesting that it
might be involved in the progression
of SCC (Fig. 2A f).

Furthermore, RANKL secretion
was also found in supernatants of the
genital cell lines used in the coculture
assays. By performing an ELISA
assay, we showed that SiHa, CaSki,
A431 and CAIT cell lines secrete sig-
nificantly higher levels of RANKL
compared to both KN (Fig. 2B) and
other non-epithelial cell lines (Fig.
S3). This difference in RANKL
secretion could be related to the tran-
scription rate observed in each cell.
Indeed, an increased level of RANKL
transcripts was observed in cancer

cells compared to KN. (Fig. 2C).
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Figure 1. DC cultured in a cervical/vulvar tumor microenvironment display a semi-mature phenotype and
functional defects. (A) DC were either cultured alone (control DC) or in the presence of normal (KN) or
malignant cells (CaSki, SiHa, C4ll and A431) in a Transwell Chamber assay. At day 6, epithelial cells were
removed and DC were stimulated with LPS for 24 h. DC phenotype was then assessed by flow cytometry
(maturation markers: CD80, CD83, CD86, HLA-DR, and CCR7). Data were normalized to control DC (=
100%). Data are from 21 different experiments and mean values are shown as percentages of positive
cells + standard deviation. Statistical differences were determined by performing the one-way ANOVA test
between control DC or KN and the other cell culture conditions (CaSki, SiHa, C4ll, A431) (*P < 0.05; **P <
0.01; ***P < 0.001, ns: not significant). (B) DC differentiated in the presence of SCC cell lines produce high
levels of IL-10 and low amount of IL-12. Data are from 20 different experiments and mean values are shown
as cytokine concentration (pg/mL) =+ standard deviation (**P < 0.01; ***P < 0.001). (C) DC cocultured with
SCC cell lines inhibit T-cell proliferation and induce suppressive T cells in MLR assays. MLR of DC cocultured
with genital CaSki cell line, KN or alone (Control) and then cultured with allogeneic T lymphocytes for 7 d.
Responder cells: lymphocytes T; effector cells: DC. Data represent mean = standard deviation of 3H-Tdr
incorporation (**P < 0.01; ***P < 0.001). (D) Suppressor activity of T cells originally primed by DC cocultured
with CaSki, SiHa, C4ll, KN or alone (control DC). Allogeneic CD4™ T cells were purified and cocultured during
7 d with irradiated control DC or DC cocultured with CaSki, SiHa, C4ll or KN. Cell mixture was than mixed
with freshly isolated T cells and with other allogeneic DC. *H-Tdr incorporation was measured after 5 d
of culture. Data represent mean =+ standard deviation of 2H-Tdr incorporation from six experiments
(*P < 0.05; **P < 0.01; ***P < 0.001).
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RANKL is able to modify the phenotype and the cytokine
secretion profile of DC, an effect reversed by OPG treatment

To determine whether RANKL is able to inhibit DC matura-
tion and modify their functionality, DC were incubated in the
presence of human recombinant RANKL (0.1 or 0.5 pg/mL).
Similar to DC cocultured with the genital SCC cell lines, DC
incubated in the presence of RANKL (0.1 and 0.5 pg/mL) also
showed a semi-mature phenotype. Indeed, we observed that the
percentage of DC positive for the different costimulatory mole-
cules studied (CD80, CD83, CD86 and HLA-DR) was signifi-
cantly reduced when these cells were cultured with 0.1 or 0.5 g/
mL of RANKL compared to control DC. The percentage of DC
expressing CCR7 was also significantly increased after DC incu-
bation with RANKL (Fig. 3A). Furthermore, DC incubated
with recombinant RANKL exhibited a reduced ability to produce
IL-12p70 and showed an increased expression of IL-10 in
response to LPS (Fig. 3B).

These findings indicate that the inhibition of DC maturation
and the release of a tolerogenic cytokine profile (IL-12'% IL-
10"€") induced by genital SCC cell lines may be mediated by
RANKI.

Next we tested whether the inhibition of RANKL by OPG
could restore DC phenotype and IL-10/IL-12 secretion after LPS
stimulation. We compared the percentage of DC expressing the
maturation markers (CD80, CD83, CD86, HLA-DR and
CCRY7) after their exposure to 0.5 pg/mL RANKL alone or in
combination with OPG, its inhibiting receptor. We showed that
treatment of DC with RANKL in the presence of OPG no longer
affected DC maturation. OPG stadistically inhibited RANKL
effect on DC maturation, leading to a percentage of cells positive
for the different maturation markers similar to that observed in
the absence of RANKL. We also confirmed that OPG treatment
had no effect on DC maturation status (Fig. 4A). Furthermore,
RANKL inhibition by OPG restored IL-10 and IL-12 secretion
(Fig. 4B).

Blockade of the RANK/RANKL signaling pathway partially
abolishes the alterations of DC induced by genital SCC cell
lines and restores their functionality

To further assess the contribution of RANKL to DC func-
tional impairment in the presence of genital SCC cell lines,
cocultures were treated with the RANKL antagonist, OPG.
Figure 5A illustrates that the neutralizing receptor for RANKL
reverses the effects of genital SCC cell lines on costimulatory
molecules and CCR7 expression. Indeed, inhibition of RANKL
increased significantly the percentage of DC positive for CD80,
CD83, CD86 and HLA-DR compared to cocultures in the
absence of OPG. The expression of the different analyzed mole-
cules was similar to that observed in control DC (Fig. 5A, S4—
S7). Moreover, cytokine secretions were modified in the presence
of RANKL inhibitor. Indeed, addition of OPG in the coculture
experiments resulted in significanty higher levels of IL-12 p70
production by DC compared with DC exposed to cell lines
alone. In contrast, IL-10 levels showed the opposite pattern. DC
cultured in the presence of OPG and genital SCC cell lines pro-
duced significantly lower levels of RANKL than DC cultured in
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the exclusive presence of SCC cell lines. Interestingly, OPG had
no significant effect on the cytokine production by control DC
(Fig. 5B).

In order to determine the mechanism by which genital SCC
cell lines induce tolerogenic DC, we analyzed expression of
inhibitory receptors known to be implicated in the suppressive
function of DC. Interestingly, whereas we observed no increase
in the expression of ICOSL, ILT4, CD273 (PD-L2) or CD274
(PD-L1) on DC cocultured with genital SCC cell lines, FACS
analysis indicated a significant increase of ILT3, compared to
control DC. Moreover, incubation with OPG during the cocul-
ture time led to a significant decrease in the expression of ILT3,
restoring the production levels observed in the absence of cell
lines (Fig. 5C).

By using a Treg cell induction assay, we confirmed that DC
cocultured with genital SCC cell lines stimulates the differentia-
tion of naive CD4™ T cells into Treg cells as shown by the
expression of Foxp3 transcripts in CD4™ T cells. Similar results
were obtained at the protein level (Fig. S8). More interestingly,
the decreased expression of ILT3, by the addition of OPG to the
cocultures, prevented the induction of Treg cells from CD4* T
cells (Fig. 5D).

These results confirm that the genital SCC cell lines alter the
DC functionality via the RANKL pathway. Moreover, DC tol-
erogenic activity is associated to their expression of ILT3 when
these cells are exposed to the genital cancer microenvironment.

OPG expression is increased in (pre)neoplastic cervical
lesions but remains stable during cervical cancer progression

Recently, expression of OPG has been reported in some can-
cers.'”!" Analysis of OPG expression by THC was performed in
order to determine if this molecule could be expressed during cer-
vical carcinogenesis to counteract RANKL effects i vivo. We
showed that both exocervical and metaplastic squamous epithelia
are often associated with a weak OPG immunoreactivity in the
epithelium (Fig. 6A-B). A stronger immunostaining was
observed in (pre)neoplastic lesions when compared to the nor-
mal exocervix but the staining had a similar intensity regard-
less of the grade of the lesion observed (Fig. 6C-E). Semi-
quantitative evaluation of OPG epithelial expression indicated
that the immunoreactivity of this molecule is significantly
increased in LSIL when compared to the exocervix or meta-
plasia. Moreover, there was no significant difference in OPG
expression between LSIL, HSIL and SCC (Fig. 6B).

These results demonstrate that OPG expression is increased in
preneoplastic lesions when compared to the normal exocervix
but, in contrast to RANKL expression, OPG expression remains
stable during cervical cancer progression, suggesting that OPG
expression in cervical cancer is probably not sufficient to counter-
act RANKL effects on DC.

Discussion
Infection of the anogenital mucosa by HPV is a very fre-

quently encountered event. It has been proposed that epithelial
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and/or inflammatory cells could
create an immunosuppressive
environment and promote malig-
nant transformation that mainly
occurs in the squamocolumnar
junction by altering antitumor
immunity.'* The progression of
genital HPV infections into pre-
neoplastic lesions suggests that
antigens are not adequately rec-
ognized by the innate immunity
or presented to the adaptive
immune system. Previous studies
showed that the tumor microen-
vironment could commit DC to
a tolerogenic function.”® In the
present study, we focused our
attention on these latter cells and
their potential role in the genital
carcinogenesis.

We decided to analyze the
effect of the tumor microenviron-
ment on DC and not on LC
because LC seem to present a cer-
tain  tolerogenicity by nature.
Indeed, they maintain tolerogenic
function under a range of condi-
tions that are commonly believed
to induce immunogenicity in all
DC subsets.'® In addition, the
paradigm stating that LC are the
exclusive cells that can present
skin-acquired antigens to T cells
is obsolete. It has been shown
that T-cell activation could be
mediated by non-epidermal DC
subsets."”'®  Moreover, recent
data obtained from mouse mod-
els suggest that the main epider-
mal subtype of DC able to cross-
present antigens is the langerin™
CD103" DC," a DC subset pre-
senting a dermal origin. There-
fore, dermal DC and
macrophages recruited to infected
epithelium may be key players in
the recognition of epithelial anti-
gens and the induction of effector
responses.'®

In this study, we demonstrated
that the microenvironment cre-
ated by genital cancer cells pro-
duce factor(s) that affect the
maturation and function of DC
leading to APC with a tolerogenic
profile. DC

cocultured  with
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Figure 2. Squamous carcinoma cells express RANKL in vitro and in situ. (A) RANKL expression in cervical
biopsy specimens. (a) Normal exocervix, (b) squamous epithelial metaplasia, (c) low-grade squamous intraepi-
thelial lesions, (d) high-grade squamous intraepithelial lesions, (e) cervical SCC. Original magnification: X100.
The RANKL immunoreactivity is observed in the epithelial compartment. (f) Semi-quantitative evaluation of
RANKL expression in normal exocervix (n = 22), epithelial metaplasia (n = 9), LSIL (n = 18), HSIL (n = 27) and
SCC (n = 12). Asterisks indicate statistically significant differences (*P < 0.05; ***P < 0.001). (B) RANKL secre-
tion by SCC cell lines (SiHa, CaSki, A431, C4ll) and normal keratinocytes (KN) was determined by an ELISA
assay. Data represent mean =+ standard deviation of RANKL concentration (pg/mL/10° cells) from five inde-
pendent experiments (*P < 0.05; **P < 0.01). (C) RANKL mRNA expression by SCC cell lines (CaSki, SiHa, C4ll,
A431) and KN was determined by classical PCR. Densitometric analysis (ratio) shows that RANKL mRNA level

is higher in SCC cell lines compared to KN.
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Figure 3. RANKL induces a semi-mature phenotype in DC and modifies their IL-10/IL-12 secretion. (A)
DC were cultured in the presence of human recombinant RANKL (0.1 or 0.5 pg/mL). At day 6, DC were stimu-
lated by LPS for 24 h. DC phenotype was then assessed by flow cytometry (maturation markers: CD80, CD83,
CD86, HLA-DR, and CCR7). Data were normalized to control DC (= 100%). Data are from six different experi-
ments and mean values are shown as percentages of positive cells + standard deviation (*P < 0.05; **P <
0.01; ***P < 0.001). (B) IL-10 and IL-12 production by both control DC and DC cultured with RANKL. Data are
from 11 different experiments and mean values are shown as cytokine concentration (pg/mL) + standard

responsible for DC alterations in
genital (pre)neoplastic microenvi-
ronment, RANKL represents an
interesting  candidate.  Several
studies showed that the RANK—
RANKL interaction has a crucial
role in the regulation of the

immune system. For example,

genital tumor cell lines retain a less mature phenotype after LPS
maturation compared with control DC or DC cultured in the
presence of normal keratinocytes. Indeed, they express low levels
of accessory molecules (CD80, CD83, CD86 and HLA-DR) but
retain, in some extent, the ability to upregulate the CCR7 mole-
cule, suggesting that DC exposed to genital cancer microenviron-
ment present an increased susceptibility to migrate to lymph
nodes but are not able to stimulate a proper antitumor immune
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RANKL has been observed in keratinocytes of inflamed skin and
its overexpression has been linked to functional alterations of epi-
dermal DC and a systemic increase of Treg cells.”® For the first
time, we showed that RANKL expression increases during the
cervical carcinogenesis and seems to play a role 7z vivo since the
production of OPG is a constant feature in the cervical (pre)neo-
plastic lesions. Therefore, OPG could not prevent the activation
of the RANK receptor by the overabundance of RANKL. Inter-
estingly, this increased RANKL-OPG ratio has been also detected
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ence of RANKL. DC were cultured either alone or in the presence of OPG alone, human recombinant RANKL
(0.5 pg/mL) or RANKL and OPG. At day 6, DC were stimulated by LPS for 24 h. The expression of DC matura-
tion markers (CD80, CD83, CD86, HLA-DR, and CCR7) was assessed by flow cytometry. Data were normalized
to control DC (= 100%). Data are from five different experiments and mean values are shown as percentages
of positive cells + standard deviation (*P < 0.05). (B) IL-10 and IL-12 production by control DC and DC cul-
tured with RANKL (0.5 pg/mL) or with RANKL and OPG. Data are from eight different experiments and mean
values are shown as cytokine concentration (pg/mL) =+ standard deviation (*P < 0.05). ns: not significant;

mones.”®*’ Interestingly, the cer-
vical transformation zone and the squamocolumnar junction
may be at increased risk of developing (pre)neoplastic lesions
because of a high sensitivity to sex hormone regulation.”® The
expression of sex hormone receptors in human cervical biopsies
has also been shown to increase with the grade of SIL, strengthen-
ing the hormone-dependent establishment of cervical (pre)neo-
plastic lesions.”" Tt should further be kept in mind that HPV
should not be involved in the increased production of RANKL.
Indeed, A431 vulvar HPV cell line secreted high levels of this
molecule and HPV positive or negative VIN display similar
RANKL immunoreactivity (Fig. S9).

We then demonstrated that the 77 vitro treatment of DC with
human recombinant RANKL is associated with a reduced expres-
sion of costimulatory molecules and the release of a tolerogenic
cytokine profile (IL-12"" IL-10"®"), which was reversed after
OPG addition. Interestingly, in the same culture conditions, we
also observed that RANKL does not affect plasmacytoid dendritic
cells (pDC) phenotype, a subset of DC that often presents an
immunosuppressive action in the tumor setting3 2 (Fig. S10).
These results suggest that the tolerogenic effect of RANKL could
only be effective on DC. Our observations are however in dis-
agreement with studies showing that treatment of DC with
RANKL increases their activity by both inducing a partial matu-
ration®” and promoting the secretion of proinflammatory cyto-
kines or IL-12.* However, the experimental conditions in these
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studies are radically different from those used in this work.
Indeed, the observations were made 77 vivo in a mouse model
using DC generated from bone marrow precursors and infused
directly after incubation with RANKL. Moreover, other studies
showed that murine DC isolated from mucosal tissues respond
to RANKL by upregulating the expression of the suppressive
cytokine IL-10, in contrast to DC isolated from peripheral lym-
phoid tissues or from spleen that respond to RANKL stimulation
by increasing their secretion of IL-12.%” This apparent divergence
in function of RANKL might be explained by differences in the
origin and precursor population of DC or microenvironment
influences. Interestingly, DC generated in the latter study
expressed CD207 and CD103 that could correspond to a
recently identified cell population in the mouse, the dermal
langerin™ DC.?® These cells have the ability to capture antigens
expressed in the skin and to transport them to the lymph nodes,
suggesting a mucosal-like rather than peripheral blood DC func-
tion. However, as CD103 has not been validated as a reliable
marker for these cells in the human skin,?” we could not use it to
state that DC used in our study correspond to these dermal DC.
In order to confirm that RANKL expression during genital
carcinogenesis is potentially responsible for the acquisition of an
altered tolerogenic phenotype by DC, we added OPG in our
coculture experiments. The results indicated that the inhibition
of DC maturation, the release of a tolerogenic cytokine profile
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Figure 5. RANKL inhibition is sufficient to reverse the tolerogenic profile of DC. (A) Analysis of DC phenotype after coculture in the presence of SCC
cell lines treated or not with human OPG. After 6 d of coculture and 24 h of incubation with LPS, the expression of CD80, CD83, CD86, HLA-DR and CCR7
was assessed by flow cytometry. Data are from seven independent experiments and were normalized to control DC (= 100%). Mean values are shown
as percentages of positive cells + standard deviation (*P < 0.05, **P < 0.01). (B) Secretion levels of IL-10 and IL-12p70 in supernatant of DC cocultured
with cancer cell lines in the presence or not of OPG. The secretion levels were measured by ELISA after 6 d of coculture and 24 h of incubation with LPS.
DC cultured alone or with OPG were used as controls. Data are presented as means =+ standard deviation of six independent experiments (*P < 0.05;
**P < 0.01). (C) FACS analysis of ILT3 expression on DC cocultured with SCC cell lines in the presence or not of OPG. Data were normalized to control
DC (= 100%). Data are from five different experiments and mean values are shown as percentages of positive cells + standard deviation (*P <0.05;
**P < 0.01). (D) DC cocultured in the presence of OPG induced a lower Treg cell differentiation in vitro. Real-time RT-PCR analysis of FoxP3 expression in
allogeneic CD4™ T cells cultured with DC isolated from previously described coculture experiments. DC cultured alone were used as control. Data repre-
sent mean = standard deviation of four independent experiments (*P < 0.05; **P < 0.01).
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(IL-12"% IL-10M8") and the

induction of Treg cells by DC
committed by genital SCC cell
lines could be partially mediated
by RANKL. Since the capacity of
DC to deliver costimulatory and
coinhibitory signals plays a sig-
nificant role in determining
whether
undergo activation or tolerance,
we analyzed the expression of

cells

responding T

molecules implicated in the tol-

erogenic function of DC.*®
Involved in the negative regula-
tion of adaptive responses,”” PD-
1/PD-L1 pathway was first stud-
ied. In contrast to a recent study
which showed increased expres-
sion of PD-L1 to the membrane
of DC, without any mechanistic
explanation, in parallel with
increasing SIL grade,40 we did
not detect overexpression of PD-
L1 on the DC membrane follow-
ing cocultures with genital SCC

cell lines. However, the involve-
ment of PD-L1 in genital carci-
nogenesis is a controversial issue.
Indeed, another research demon-
strated that PD-L1 is expressed
in only a minority of cervical
cancers and does not influence
the survival of patients.*’ We
neither revealed any modulation
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of ICOSL on DC in the presence

of genital SCC cell lines, which
was to our knowledge, not yet
been studied.

Interestingly, DC displayed
an increased ILT3 expression in

Figure 6. OPG expression is increased in (pre)neoplastic cervical lesions compared to normal tissues but,
remains stable during cervical cancer progression. Representative images of OPG expression in exocervical
epithelium (A), metaplasia (B), LSIL (C), HSIL (D) and SCC (E). The OPG immunoreactivity is observed in the epi-
thelial compartment. (F) Semi-quantitative analysis shows a significant increased OPG expression in metapla-
sia (n =9), LSIL (n = 8), HSIL (n = 11) and SCC (n = 10) compared to the exocervix (n = 5). Asterisks indicate
statistically significant differences (**P < 0.01; ***P < 0.001). Original magnification: X100.

the presence of genital SCC.
This modulation was reversed by
OPG addition, suggesting that RANKL secreted by the cell lines
is implicated in this overexpression. The upregulation of ILT3
on DC is known to render them tolerogenic by conferring the
ability to differentiate Treg cells.*>** RANKL, as an activator of
NEF-KappaB and MAPK, may have, rather than a direct effect on
DC maturation and/or cytokine secretion, an indirect effect lead-
ing to the activation of immunosuppressive genes involved in the
increased expression of ILT3 (e.g. GILZ).***> Furthermore,
RANKL could also increase cell surface ILT3 expression through
STAT3 signaling pathway.*>*” Due to the fact that many soluble
factors are present in the tumor microenvironment, it is not sur-
prising that the sole inhibition of RANKL was not sufficient to
completely reverse the maturation and function of DC observed
after coculture experiment with genital SCC cell lines. These
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findings suggest that additional secreted epithelial factors are
involved in the induction of tolerogenic DC. Other factors such
as PGE,, MUCI1, TGF-B, VEGF or IL-10 have been shown to
play a role in the inhibition of DC maturation.”®*54 Among
these, MUC1 could be another potential candidate due to its
high expression in HSIL (unpublished data).

Besides the negative effect of RANKL on the immune system
in genital cancers, this cytokine is also secreted by other epithelial
cancers such as prostate and breast tumors where it promotes an
invasive phenotype by inhibiting the metastasis suppressor Mas-
pin°® or inducing an epithelial-to-mesenchymal transition’'.
Recent studies also reported a RANKL expression in “non-solid”
tumors such as myeloma’* as well as in glioma® suggesting that
the secretion of this soluble factor is not restricted to epithelial

€1008334-9



cancers. However, the secretion rates displayed by non-epithelial
cancer cells could be considerably lower than those observed in
genital cancer cell lines (Fig. S3).

Alrogether these results suggest that RANKL may contribute
to the poor prognosis of some cancers, epithelial or not, by mod-
ulating not only cancer cell properties but also by altering anti-
tumor immune responses. Based on these findings, preclinical
studies could be undertaken to assess the adequacy of a treatment
targeting RANKL to counteract the immunosuppressive effects
of genital cancers. To do so, a RANKL-blocking antibody
(Denosumab), already approved for women with osteoporosis
and for bone-related events in men with prostate cancer,”* could
be used.

In conclusion, we demonstrated a high expression of RANKL
in cervical (pre)neoplastic lesions. RANKL is able to commit DC
to a tolerogenic profile via ILT3 upregulation. These results
could partially explain the functional alterations of APC during
genital carcinogenesis. A better understanding of the microenvi-
ronmental alterations associated with genital (pre)neoplastic
lesions and their potential consequences on DC functionalities
may be crucial to elaborate new immunotherapies able to induce
an effective antitumoral response.

Material and Methods

Dendritic cell generation

DC were generated from CD34" haematopoietic precursors
(HPC) obtained from cord blood samples and cultured for 7 d in
the presence of human SCF (20 ng/mL, Peprotech), TPO
(10 ng/mL, Peprotech), FIt3L (25 ng/mL, Peprotech), GM-CSF
(200 U/mL, Amoytop Biotech) and IL-4 (100 U/mL, Immuno-
Tools), as previously described.”® pDC were generated from
CD34" HPC as previously described.’® In selected experiments,
pDC were stimulated with type A CpG ODN at 12 pwg/mL (5'-
geGGGACGATCGT Cgggggg-3'; Eurogentec). All human sam-
ples were collected according to a protocol approved by the
Ethics Committee of the University Hospital of Liege.

In selected experiments, DC were treated with human recom-
binant RANKL (0.1 or 0.5 pg/mL, R&D systems) for 6 d fol-
lowed by a maturation with LPS (1 pg/mL, Sigma-Aldrich) for
another day. OPG (Abcam), an inhibitor of RANKL, was also
used at a concentration of 1 pg/mL, renewed once during the 7
d of culture.

Cocultures of DC in the presence of normal keratinocytes
or cancer cell lines

Human exocervical epithelial cells were obtained from women
who underwent total hysterectomy for non-cervical benign uter-
ine disease. Cell cultures were established following a previously
reported method.”” The Ethics Committee of the University
Hospital of Liege approved this study protocol.

Four genital SCC cell lines were obtained from the ATCC
(American Type Culture Collection). SiHa, CaSki and C4II are
cervical SCC cell lines infected by HPV16 (SiHa and CaSki) or
HPV18 (C4II). A431 is a vulvar carcinoma cell line negative for
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HPV DNA. Melanoma (A2058), fibrosarcoma (HT1080), gli-
oma (U87MQG), lymphoma (U937) and leukemia (Jurkat) cell
lines were also used. Cell cultures were maintained following
ATCC-reported methods.

To evaluate the effects of the tumor environment on DC,
cocultures were initiated by adding tumor cell lines (0.1 x 10°
cells in 2 mL), normal keratinocytes (KN; 0.15 x 10° cells in
2 mL) or medium alone into 0.4-pm pore size membrane inserts
(Nunc) placed in 6-well plates (Nunc) wherein DC (0.25 x 10°
cells in 3 mL) were seeded. The medium used is constituted of
complete RPMI 1640 supplemented with GM-CSF and IL-4.
Inserts were extracted after 6 d of coculture and LPS (1 g/mL)
was added to the wells for 24 h in order to induce DC matura-
tion. At day 7, DC were harvested for phenotypic and functional
analysis. In selected experiments, human recombinant OPG
(Abcam) was added to the culture, at a concentration of 1 g/
mL, and renewed once during the 7 d of culture. DC cultured
alone or in the presence of OPG were used as controls.

Flow cytometry analysis

Double-staining immunofluorescence was performed by using
a previously published procedure.”® The following antibodies
were used: CD1a-FITC, CD123-FITC, CD80-PE, CD83-PE,
CD86-PE, HLA-DR-PE, ILT3-PE, ILT4-PE, CD273-PE,
CD274-PE and CCR7-PE (Table 1). Fluorescence intensity and
positive cell percentages were measured on a FACSCanto II flow
cytometer (Becton Dickinson) and data were analyzed using
FACSDiva software V 6.1.2 (Becton Dickinson).

IL-10, IL-12p70 and RANKL ELISA

Cytokine production by tumor cells, DC alone or DC cul-
tured in the presence of tumor cell lines was quantified by
ELISA with the following commercial kits: IL-10 ELISA assay
(Invitrogen), IL-12p70 ELISA assay (R&D systems) and
RANKL ELISA assay (Biomedica) following the manufacturer’s
recommendations.

PCR targeting RANKL expression

One g of total RNA extracted from cell cultures (Nucleospin
RNA TII, Macherey-Nagel) and quantified with a ND-1000 spec-
trophotometer (NanoDrop) was reverse-transcribed using Super-
script Il reverse transcriptase (Invitrogen) according to the

Table 1. List of antibodies used for FACS detection

Antibody Clone Company name
CD1a-FITC NA1/34 Dako

CD80-PE 2D10.4 eBioscience
CCR7-PE 150503 R&D Systems
CD83-PE HB15e BD PharMingen
CD86-PE C2331 (FUN-1) BD PharMingen
HLA-DR-PE AB3 Dako

ICOSL-PE 136726 R&D Systems
ILT3-PE 293623 R&D Systems
ILT4-PE 287219 R&D Systems
CD274-PE MIH1 eBioscience
CD273-PE MIH18 eBioscience
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manufacturer’s instructions. PCR reactions were performed using
the following primer sequences: RANKL: forward: 5'-TCA-
GAG-CGC-AGA-TGG-ATC-CTA-A-3';  reverse: 5'-TGA-
CTC-TCC-AGA-GTT-GTG-TCT-3’; HPRT: forward: 5'-
GTT-GGA-TAT-AAG-CCA-GAC-TTT-GTT-G-3’;  reverse:
5'-CAG-ATG-TTT-CCA-AAC-TCA-ACT-TGA-A-3". Samples
were run on 1.8% agarose gels containing ethidium bromide and
visualized with an UV transilluminator. The mRNA levels were
determined by densitometric analysis (Quantity One Software;
Bio-Rad, Hercules, CA). HPRT was used as an internal control
and the mRNA levels were normalized to this housekeeping gene.

Mixed lymphocyte reaction assay (MLR)

Priming of allogeneic T cells was assessed by *H-Tdr (tritiated
thymidine) uptake, as previously described.”® The effector popu-
lation corresponded to DC cultivated alone or in the presence of
SCC cell lines (SiHa, CaSki, A431 or C4II) or KN. The
responder cells are allogeneic PBMC. Results are presented as
counts per minute (cpm).

T-cell suppressor assay

A first MLR was performed using allogeneic CD4" T cells
purified with the CD4™" isolation kit (Miltenyi Biotec) and cocul-
tured for 7 d with irradiated DC (cultured alone or in the pres-
ence of keratinocytes). The ratio between responder (T cells) and
effector (DC) cells was 10:1. A second MLR was performed using
other allogeneic DC and T cells at a responder/effector ratio of
10:1. Cell mixtures harvested from the first MLR and considered
as “suppressor” cells were then added at a ratio of 1:1 or 1:10 cor-
responding to 1 “suppressor” cell for 1 or 10 responder cell(s).
*H-Tdr incorporation was measured after 5 d of culture.

Treg cell induction assay

The assay was performed by culturing DC (stimulator cells)
isolated from coculture experiments with allogeneic CD4" T
cells (responder cells) sorted from PBMC using the MACS
CD4" T-Cell Isolation Kit (Miltenyi Biotec), according to the
manufacturer’s protocol. The stimulator-to-responder ratio was
1:10 and cells were placed in RPMI 5% human pooled AB serum
(Invitrogen) in 6-well plates (Nunc) for 6 d. DC cultured alone
were used as controls.

Total RNA (1 jg) was extracted from T cells of the Treg cell
induction assay (RNeasy minikit;, Qiagen) and reverse-tran-
scribed using Superscript II reverse transcriptase (Invitrogen)
according to manufacturer’s instructions. Quantitative real-time
PCR was then performed using Power SYBR-green Master Mix
(Eurogentec) and the following primer sequences: FoxP3 F: 5'-
CAG-CAC-ATT-CCC-AGA-GTT-CCT-C-3/; FoxP3 R: 5'-
GCG-TGTGAA-CCA-GTG-GTA-GAT-C-3’; GAPDH F: 5'-
ACC-AGG-TGG-TCT-CCT-CTG-AC-3'; and GAPDH R: 5'-
TGC-TGT-AGC-CAA-ATT-CGT-TG-3' All
experiments were performed in duplicate using the ABI-Prism
7700 Sequence Detection System (Applied Biosystems) and

(Eurogentec).
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negative controls (master mix without any cDNA) were added in
each run.

Tissue specimens

Eighty-seven paraffin-embedded cervical biopsy specimens
were retrieved from the Tissue Biobank of the University of
Liege. These biopsies included 22 normal exocervical tissues, 16
squamous metaplasia, 41 SILs (14 low-grade and 27 high-grade)
and 10 invasive SCC. The histological diagnosis was confirmed
after hematoxylin eosin staining. Vulvar tissue samples included
high-grade intraepithelial neoplasia (VIN II and VIN III). The
Ethics Committee of the University Hospital of Liege approved
the protocol.

RANKL and OPG immunochemistry and scoring

Briefly, paraffin sections were deparaffinized in xylene, rehy-
drated in graded alcohols and antigens were retrieved in citrate
buffer. Endogen peroxidase was blocked using a peroxidase-
blocking reagent (Dako) and non-specific binding sites were
blocked by the Protein Block Serum Free solution (Dako). The
slides were then incubated with the primary antibody “anti-
human RANKL (70525, R&D systems) or anti-OPG (poly-
clonal, Abcam)”. Immunoperoxidase staining was performed
using the EnVision system (Dako) according to the supplier’s
recommendations. Colorimetric detection was completed with
diaminobenzidine (Dako) for 5 min. Slides were then counter-
stained with hematoxylin. RANKL and OPG expression was
evaluated, as previously described, by a semi-quantitative score of
the instensity and extent of the staining according to an arbitrary
scale.”

Statistical analysis

Statistical analyses were performed by using the Student #-test
or one- or two-way ANOVA test using GraphPad Prism 5.0c
software.
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