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Key to abbreviations

BDCA = blood dendritic cell antigen

CCL = chemokine (C-Cmotif) ligand

CCR = chemokine (C-C motif) receptor

CXCR = chemokine (C-X-C) receptor

CD = cluster of differentiation

CLA = cutaneous lymphocyte antigen

CLP = common lymphoid progenitor

CMP = common myeloid progenitor

DC = dendritic cell

DC-SIGN = dendritic cell-specific intercellular aeion molecule-3-grabbing non
integrin

FIt3-L = fms-like tyrosine kinase-3 ligand

GM-CSF = granulocyte-macrophage colony-stimulatagior
HLA = human leukocyte antigen

ICAM = intercellular adhesion molecule

IFEN = interferon

IL = interleukin

LC = Langerhans cell

LPS = lipopolysaccaride

MCP = monocyte chemoattractant protein

M-CSF = macrophage colony-stimulating factor

mDC = myeloid dendritic cell

MHC = major histocompatibility complex

MHC-1 = major histocompatibility complex class | faoules
MHC-1I = major histocompatibility complex classiiolecules
MIP = macrophage inflammatory protein

MMP = matrix metalloproteinase

NF-xB = nuclear factokB

NK = natural killer

NLR = NOD-like receptors



NP = nanoparticle

pDC = plasmacytoid dendritic cell

PPAR = peroxisome proliferator-activated receptor
PPRE = peroxisome proliferator response elements
RANTES = regulated upon activation normal T cejpessed and secreted
RunX3 = runt-related transcription factor 3

RXR = retinoid X receptor

SCF = stem cell factor

SDF = stromal cell-derived factor

SPARC = secreted protein acid and rich in cystein
STAT = signal transducer and activator of transmip
TGF = transforming growth factor

TLR = Toll-like receptor

TNF = tumor necrosis factor

TPO = thrombopoietin



Abstract

Dendritic cells are specialized to capture ansgeprocess them and present
them to T cells to initiate, regulate and fine tumenune responses towards pathogens
and tumours. Therefore these cells play cruciaésrah infection, cancer, allergy,
autoimmunity and graft rejection. Besides immunihgy can cause anergy and trigger
active tolerance, depending on the microenvironngamditions. Dendritic cells are
heterogeneous for origin, anatomical localizatgmenotype and function. Two subsets
are recognized, myeloid and plasmacytoid dendritls. Myeloid cells include
Langerhans cells, the dendritic cells of non-lymghoonnective tissue and those of
lymphoid tissue and lymph. Langerhans cells arendoin the epidermis and some
mucosal epithelia and have an unique antigenicamgbhological profile. They express
langerin and contain special inclusions eviderthatelectron microscopy.e. Birbeck
granules. The myeloid dendritic cells of non-lymighoonnective tissue express high
levels of DC-SIGN/CD209.

In vivo, myeloid dendritic cells differentiate from haewmietic stem cells-
derived precursors and localize in peripheral gssafterwards they migrate from sites
of antigen uptake to lymphoid organs and during throcess mature to antigen
presenting cells capable of interacting with lymgytes and stimulate both immune
response and peripheral tolerance to self. Dendriells express peroxisome
proliferator-activated receptors (PPAR)-These receptors are involved in many
regulatory pathways, such as those regarding lijpidprotein and glucose metabolism,
inflammation, endothelial function, cancer and bam@phogenesis. The stimulation of

PPAR« on dendritic cellsn vitro has been reported to have controversial effects.
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Knowledge of the stages and mechanisms of coofrahe differentiation of
dendritic cells is a necessary premise to exercisgrol over these cells, useful for
medical purposes. In this research the differdontiapotential into myeloid dendritic
cells in vitro and the effect of rosiglitazone, an agonist of RRA on that
differentiation have been evaluated for three diffé precursors collected from human
peripheral blood, precisely CD14+ monocytes, CD3drogenitors and CD133+
progenitors. Moreover, the cells differentiatednir€ D14+ monocytes were evaluated
for their interaction with inorganic nanoparticles.

The cells were isolated from buffy coats obtairfemn healthy donors by
magnetic separation, upon labelling with colloidalperparamagnetic microbeads
conjugated with mouse anti-human CD14, CD34 or CDhih®noclonal antibodies, and
were cultured with different cytokines depending ttwe cell type, for 9 d (CD14+
monocytes) or 18 d (CD34+ and CD133+ precursomiglitazone (1 pmol/l) was
added in some experiments; the differentiationestaand the characteristics of the cells
generated at the end of culture were observed. Eapkriment (with and without
rosiglitazone) was made with cells of a single dono

The generated cells were analyzed by light mi@pgc electron microscopy,
immunofluorescence, flow cytometry, mixed lymphacyeaction and real-time PCR.
Cells obtained from CD14+ monocytes after 7 d caltue. immature dendritic cells)
were incubated for up to 48 h with gold and sileanoparticles, 10 and 100 pg/ml, and
evaluated for their ability to uptake those nanbplas and for the intercellular
compartments of destination.

All precursors generated large dendritic celld gteongly expressed HLA-DR
antigens and exhibited lymphocyte-stimulating attiin mixed lymphocyte reaction.
Moreover, CD34+ and CD133+ precursors generaterrabldium size dendritic cells,

with fewer organelles and less well developed de&slthan large dendritic cells, and
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small, lymphocyte-like cells poor in organelles.

A proportion of large cells, increasing from thogenerated from CD14+
monocytes to those generated from CD34+ precutediwse generated from CD133+
precursors, expressed CD1a and langerin/CD20Touwn dytometry these cells were all
included among those with higher side scatter, evlaitge dendritic cells with low side
scatter did not express langerin/CD207. Many cielisn any culture expressed DC-
SIGN/CD209, even together with langerin/CD207. Rughitary Birbeck granules were
observed only occasionally by electron microscapyarge dendritic cells from any
precursor. Variable percentages of large dendcits expressed surface molecules
related to maturation, the highest numbers werengmoells generated from CD133+
precursors.

Rosiglitazone led to more mature features at ieciicroscopy in all cases
(looser chromatin texture, increase in organellgseeially lysosomes) and to more
numerous cells expressing langerin/CD207 in callsegated from CD34+ and CD133+
precursors, the latter effect was significant feltscgenerated from CD133+ precursors.

Freshly isolated CD14+ monocytes expressed a lowber of copies of mMRNA
for PPARy; the expression increased during culture, independf the addition of
rosiglitazone. Freshly isolated CD34+ cells showeduch lower expression of PPAR-
vy gene than CD14+ monocytes and the expression mechdow throughout culture.
Freshly isolated CD133+ cells showed a number piesoof mMRNA for PPARrhigher
than CD14+ monocytes; this expression increasethguulture although with great
variability among experiments; the response togtitazone was also variable among
experiments, with a trend towards increase of PRARNA.

Immature dendritic cells absorbed gold and silieaoparticles by endocytosis
and concentrated them in lysosomes; using fluoresikca nanopatrticles it was found

that the amount of particles internalized depenoledhe concentration of particles in
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the medium and reached a maximum within 4 h, tieenained stable with time. The
presence of nanoparticles and their absorption md influence the structure,
immunophenotype and lymphocyte-stimulating capaaitgendritic cells, as evaluated
by electron microscopy, flow cytometry and mixethjghocyte reaction respectively.

These results indicate that the differentiatioteptial of hematopoietic cells
into myeloid dendritic cells with different phenpgs changes with the progression of
spontaneous vivo differentiation towards monocytes and that thecHjeorientation
towards Langerhans cells begins very early. Thermihtiation degree achieveavitro
does not match entirely that seenvivo, which indicates that more environmental
factors are relevant in this respect than thosedaa be reproduceiah vitro. CD133+
cells, which are the most immature progenitorsresp PPARr and, if transferred into
culture, maintain this expression, that increasasng differentiation. Therefore the
possibility arises that PPAR-agonists or antagonists may be used to modulade th
differentiation. Indeed, cells generated from ateqursors tested in this research
appeared to respond to the PPARgonNist rosiglitazone at the morphological level,
with signs of improved differentiation towards marature dendritic cells. Immature
myeloid dendritic cells proved able to incorporat@rganic nanoparticles without
apparent damage, at least within the time of caltfrthe present experiments, which
opens the way to explore the possible use of thageles in medicine.

Since dendritic cells play crucial roles in infeat cancer, allergy,
autoimmunity and graft rejection, thorough knowledsf their subsets differentiation
and behaviour will open the path to tools allowibetter control of those cells in

clinical conditions.
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I ntroduction

The immune system grants for both innate and adapgsponses to pathogens,
which depend on different cell types and functiofise innate immune system involves
granulocytes, mast cells, macrophages and natiltat kells. These cells use non-
clonal recognition receptors, including lectins,|l{i&e receptors (TLRs), NOD-like
receptors (NLRs) and helicases, to provide quickdaneric responses to pathogens.
The adaptive immune system response depends ordBCBd+ and CD8+ T cells
which use clonal receptors that specifically reépgrantigens or their derived peptides
presented by antigen presenting cells and graritrforunological memory (Paluka and
Banchereau, 2012).

Dendritic cells (DCs), macrophages and B cells metyas antigen presenting
cells; DCs, in particular, are specifically devotedcapture and process antigen since
primary response. DCs express several specializedecoles, as the major
histocompatibility complex (MHC) and a combinatiohcostimulatory molecules and
adhesion molecules for the presentation of antigei cells in order to initiate the
immune response. They are also known as dendsgtikocytes and are the most
efficient cells for antigen presentation, beingeatd elicit T cell response even in very
low numbers and to stimulate primary as well a®sdary response, thus explaining
their nickname of “professional antigen presenticglls” (Steinman, 2012). The
interaction between DCs and lymphocytes duringirniteation of an adaptive immune
response is one of the most important control pamtensure that the immune response
Is correct and to direct this response towards ti@amr tolerance to pathogenic

organisms (van Panhuys, 2017) and tumours. DCsae responsible for the
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peripheral tolerance to self and play crucial rolasallergy, autoimmunity and
transplant rejection.

Owing to their properties, DCs are often calledttme adjuvants” and have been
proposed for immunotherapy upon antigen loadingn(Babnoff et al., 2001; Paluka
and Banchereau, 2012). However, clinical trialsenaut yet gone beyond preliminary
phases and the limited knowledge on the biologthese cells, both alone and in the
context of tissues, may well be a cause of faillmdeed cancer therapeutic strategies
using DC-based immunotherapy alone or in combinatdth radiation therapy and
chemotherapy developed until now have been onlygtigreffective, mainly because
there are no techniques yet to monitor the behawbCsin vivo (Ahn et al., 2017).
The more advanced strategy is the use of DC-basetines, consisting in DCs loaded
with tumour antigens, that are infused into theguaitand generate anti-tumour T-cell
responses from CD8+ effector T-cells (Kumar et2017).

Despite their origin from CD34+ bone marrow herpaietic stem cells, DCs
are heterogeneous and many subsets have beerfigdebith in mice and humans
(Bancherau and Steinman, 1998; Paluka and Banahe26a42; Steinman, 2012). The
most important DC subsets are myeloid DCs (mDCsl) g@lasmacytoid DCs (pDCs)
(Dzionek et al., 2000; Shigematsu et al., 2004k Hiter are so called because of well
developed rough endoplasmic reticulum and less iemh cell projections as
compared with mDCs. Knowledge of pDC cell biologyléss advanced than that of
mDCs.

Among mDCs, Langerhans cells (LCs) are peculiaddoalization, molecular
phenotype and morphology. They are in an immunoblilyi immature state and
localize within epidermis and stratified squamouscosal epithelia where they can
efficiently take up and process a wide variety miigens, including contact sensitizers,

tumor-associated and microbial antigens. LCs espréscadherin, CDla and
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langerin/CD207 and contain Birbeck granules, a umiqrganelle detected at electron
microscopy (Valladeau et al., 2000; Romani et2003). E-cadherin is used to remain
in contact with surrounding epithelial cells (Roman al., 2010). CD1a is a pattern
recognition receptor for lipoarabinomannan, a nolyporphic bacterial molecule to be
presented to T lymphocytes (Adams 2014). LangeB(07 is a c-type lectin localized
not only at the cell surface, but also in the eondwas recycling compartment, in
Birbeck granules and in other tubular and vesicatauctures (Valladeau et al., 2000;
Romani et al., 2003). Due to their position andwhegous types of antigens recognized,
LCs are critical for the induction of immune respes towards pathogens and tumours
and are credited to play a pathogenic role in giterskin diseases (Paluka and

Banchereau, 2012 , Von Bubnoff et al., 2001).

Dendritic cells history

The story of these cells began almost one andf @dérw@ury ago and the interest
for them is ever growing because of their centsdd m immunobiology.

In 1868 Paul Langerhans described for the firstetithe dendritic epidermal
cells which were thereafter designated with his@afime LC have been indeed the first
DC discovered, other DCs have then been found mvityrinphoid organs, epithelia,
connective tissue and lymph (reviewed by Pimpinetlial., 1994). In the 1950s LCs
were considered as melanocytes that had lost thacitg to make melanin pigment
(Masson, 1948; Breathnach, 1965). At the beginoindpe following decade Birbeck et
al. (1961) demonstrated the presence of LCs ithigati showing that they were not
melanocytes, and by electron microscopy identiiedharacteristic organelle, which

thence on has been designated Birbeck granule.
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Recognition of DCs as a population specific fdfedentiation and function has
come through three distinct lines of research (bloéf et al., 1982; Fossum, 1989;
Metlay et al., 1989).

A first line of research, started in the 1970sswepresented by microscopic
studies on lymphoid organs and tumours. These egudiere aimed at defining the
proliferative diseases of the lymphoid organs araiuded a detailed description of the
cell types present in the lymphoid organs. Cellthvdendritic shape were identified
among the stromal elements of the T-dependent areascondary lymphoid organs
(Veldman, 1970; Kaiserling and Lennert, 1974). Ehe=lls have cytoplasmic
extensions that make contact with other similalscahd lymphocytes, for this feature
have been called interdigitating cells or intertditing reticulum cells. Veerman (1974)
proposed that the interdigitating cells in the tluwgadependent area of the rat spleen
form a microenvironment allowing T cells to diffaete&ate and proliferate. Bone marrow
precursors give rise to these cells, that migrate lymphoid organs via peripheral
tissues and lymphatics, becoming interdigitatinicodum cells (Kelly et al., 1978;
Hoefsmit et al., 1979). A role has been proposedHese cells also in directing the
structural organization of lymphoid tissue in Tidgmphomas (Ribuffo et al., 1983),
including those of the skin (Romagnoli et al., 19BBnpinelli et al., 1994).

A second line of research was the histopatholbginalysis of dermatological
immune-mediated diseases, where LCs were foundntact with lymphocytes in the
inflamed skin (Silberberg-Sinakin, 1973; Silberbetal., 1976). It was concluded that
LCs are implicated in allergic reactions and inestimmunologic reactions, so that they
were regarded as cells of immune system (Rowdah,et977; Stingl et al., 1977); they
were also recognized to derive from progenitorsgmein the bone marrow (Katz et al.,
1979; Perreault et al., 1984; Goordyal and Isagc$885). Studies in the mouse and

humans demonstrated the antigen-presenting funafohCs (Stingl et al., 1978;

14



Braathen and Thorsby 1980; Green et al., 1980;cBgeret al., 1984). LCs were
eventually recognized as members of the DC fanfilthe immune system (see below)
and their life cycle was analyzed in the mouse (&utet al., 1985).

Steinman's group (Steinman and Cohn, 1973, 19%tjed a third line of
research, isolating cells with a peculiar dendréthi@pe from the mouse spleen, hence
their designation as dendritic cells. It was thesmdnstrated that DCs present
exogenous antigen to T cells in an MHC-restrictashfon and can induce specific
cytolytic T cell responses by cross-priming lympytes (Bevan, 1976). These cells
have a low phagocytic activity and stimulate T-depent immune responses very
efficiently, in particular the proliferation and togation of helper T cells to effectors
elements. Although they are not the only cellshie body with this property, DCs seem
to be mandatory for the stimulation of primary immuesponses (reviewed by Metlay
et al., 1989). High expression of major histocontgiietly complex class Il molecules
(MHC-I1), of which the principal representative lmimans is HLA-DR, is instrumental
to that function (Steinman e Witmer, 1978 Steinnedral., 1979) even if it is not
enough to explain their differential role in respicother MHC-II expressing cells.

Human DCs in peripheral blood were characteriredetail by Van Voorhis et
al. (1982). It was also reported that the T ce#lagrin lymphoid organs are the main
location where DCs are found and activate T celigcly once activated, may leave the
lymph node and migrate to sites of inflammation tfér et al., 1984). Indeed, DCs
were discovered to be responsible for the actimatibnaive T cells, that subsequently
interact with B cells and stimulate them to geree@aisma cells and produce antibodies
(Inaba and Steinman, 1985). Witmer-Pack et al. {1 @®cumented the requirement of
granulocyte-macrophage colony stimulating factoMM{GSF) for DC maturation.

Moreover, it was shown that T cells fail to protdée upon antigen presentation in the
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absence of co-stimulatory signals and instead beagamesponsive to further activation
(Jenkins and Schwartz, 1987).

Later on, cells with abundant rough endoplasmicukim (like plasma cells)
but with irregular cell surface were shown to behasg antigen presenting cells and to
be able to secrete huge amounts of type | intamge(d-N; Fitzergerald-Bocarsly, 1988;
Facchetti et al., 1989). They were first designgtiedmacytoid T cells or plasmacytoid
monocytes and later on have been recognized asulignetype of DCs, named pDCs
(Cella et al., 2000; Colonna et al., 2002; see Muiteet al., 2005, for review), which
are - among others - associated with protectiom fopportunistic infections (Siegal et
al., 1999). The other DCs, including LCs, have baesignated mDCs (Banchereau and
Steinman, 1998). pDCs have been associated witbeqtiimn from opportunistic
infections (Siegal et al., 1999).

In the last decade of the XX century it was obsdrthat DCs are also able to
effectively stimulate the activation of CD8+ cytwio T lymphocytes (Young and
Steinman, 1990; Shen et al., 1997), the differénotiaof plasma cells from B
lymphocytes (Fayette et al., 1998) and the surnvw¥gllasmablasts (De Vinuesa et al.,
1999). The B7-1/CD80 and B7-2/CD86 ligands and rtireceptors on T cells,
respectively CD28 and CTLA-4 (cytotoxic T lymphoeydntigen-4), were identified as
crucial regulators of T cell responses and addiiaco-stimulatory molecules were
identified on DCs (Springer, 1990; Caux et al., 489Caux et al., 1994b). A method
was devised to obtain DCs from monocytes (Sallustol Lanzavecchia, 1994),
allowing to study the basic functions of DCs in fams. Also, studies in apparently
different model organisms led to the identificatmnT LR, first in the fruit fly and then
in the mouse (Lemaitre et al., 1996; Poltorak et #98), and DCs were shown to
express these receptors, possibly implied in antigeognition and capture (Medzhitov

et al.,, 1997). It was eventually shown that DCs iamolved also in tolerance and
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immune regulation (Banchereau and Steinman, 198)pugh the details on when
these functions, instead of immune activation, oecul how they are regulated remain
still unclear.

In the new millennium, the calcium dependent, fetyectin receptor (CLR)
DC-SIGN (dendritic cell-specific intercellular adiien molecule-3-grabbing non-
integrin) was found to be expressed by mDCs andddiate transient adhesion with T
cells, necessary for their activation (Geijtenbetkal., 2000a, 2000b). C-type lectin
receptors (CLRs) are an important family of pattexcognition receptors: they interact
with pathogens through the recognition of mannésegpse and glucan carbohydrate
structures and are involved in the induction ofcdpe gene expression profiles in
response to specific pathogens, either by modglafibR signalling or by directly
inducing gene expression (Geijtenbeek, 2009).

Plasmacytoid DCs were shown to regulate eventmgliuhe course of viral
infections, atopy, autoimmune disease, and metastahcer (Liu, 2005; McKenna et
al., 2005).

Given their potential to stimulate both innate auhptive antitumor response,
during the past few decades DCs have been thecsuifjenumerous studies seeking
new immunotherapeutic strategies against canceméfet al.2017). The basic concept
behind the use of DCs in immunotherapy relies am itftrinsic antigen-presenting
properties of DCs to elicit a potent tumour antigeecific T-cell-driven immune
response (Figdor et al., 2004; Tacken et al.,, 20®Aucka and Banchereau, 2012,
Klechevsky and Banchereau, 2013; Tel et al., 20D€)s have also been used in
nanoparticle (NP)-based immunotherapeutic straseigyeng to take advantage of such
particles - most frequently organic - to delivermmmogenic molecules to antigen
presenting cells. Little information is availablegarding inorganic-NP-mediated DCs

stimulation (Shen et al. 2016).
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Maturation and function of dendritic cels

Migration of dendritic cell precursors and dendritic cells through body compartments

Myeloid DCs differentiate to an immature, antigaimsorbing phenotype and
then proceed to a mature, lymphocyte stimulatingnpltype. The precursors of mDCs
enter tissues and quickly differentiate to immaturdCs. Immature DCs are
characterized by a high capacity for antigen captamd processing and low T cell
stimulatory ability, because they express low level co-stimulatory molecules and
have a limited capacity to secrete cytokines (Engeet al., 1997; Palucka and
Banchereau, 2012). Circulating DC precursors mag directly encounter pathogens,
which induce secretion of cytokines that in turm eativate eosinophils, macrophages
and NK cells (Palucka and Banchereau, 2012). Adtgigen capture, DCs migrate to
lymphoid organs MHC-II molecules on the cell sugaogether with co-stimulatory
molecules, leading to the selection of circulatamgigen-specific lymphocytes. During
this process DCs lose the ability to absorb antigand come to express the co-
stimulatory molecules CD54, CD80 and CD86 togetwéh increased amounts of
MHC-II, as well as a peculiar chemokine ()C-C myté#ceptor (CCR), precisely CCR?7,
that allows them to localize to lymphoid tissuesatiation requires the ligation of
CD40 and is associated with the expression of thturation marker CD83 and the
acquisition of the ability to secrete cytokines l([€et al., 1997; Steiman, 2012). Once
arrived to lymphoid tissue, DCs localize in thegp#ullicular zone and differentiate into
interdigitating cells to activate naive T-cells. ®@re able to polarize the immune
response to either Thl o Th2 types and to improwell memory (Steinman et al.,

2003) by the production of different cytokines tlgtermine the classes of immune
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response (Bancherau et al., 2000). Furthermorev@fés move to the germinal centers
where they collaborate with T lymphocytes to indiaB cell mediated immune
responses. DCs can activate naive and memory B (@dincherau et al., 2000) and
induce the differentiation of activated-naive Bleéb plasma cells by the secretion of
interleukin (IL)-12 and IL-6 (Dubois et al., 1998).

In turn, activated T cells help DCs to achievemieal maturation, further
promoting the expansion and differentiation of lyrapytes themselves. It is believed
that, after interaction with lymphocytes, DCs djedpoptosis (Banchereau et al., 2000).

Interaction between DCs and T cells during primeggponses occurs within
lymphoid tissue, which is reached by naive T céitam the circulation. During
secondary T cell-mediated responses, DCs can atteviah lymphocytes also in
peripheral and inflamed tissues (Fujita et al.,2@yerich and Novak, 2013; Trucci et
al., 2013), also on account of the fact that menfolymphocytes circulate also through
peripheral tissues (Shin et al., 2013).

The maturation of pDCs occurs before enteringdineulation; the steps and
regulation of this process are still under investimn. Swiecki and Colonna (2015) have
emphasized that pDCs express MHC-II and the cousditory molecules CD40, CD80
and CD86 and can present antigens to CD4+ T @dlisjt not as efficiently as myeloid
DCs (Reizis et al., 2011); when pDCs receive atitimasignals through TLRs or other

pattern recognition receptors, they act as immumicgeells.

Antigen capture

Antigen capture may occur in several ways. ImneafCs can internalize large
amounts of material through macropinocytosis, tghodluid phase and receptor-

mediated endocytosis (Engering et al., 1997; Mommiagal., 1999), and through
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phagocytosis of apoptotic and necrotic cell fragmmglbert et al., 1998), viruses,
bacteria and parasites (Inaba et al., 1993; Resogjnal., 1999; Banchereau et al.,
2000).

Receptors that have been identified on DCs incladéns such as the mannose
receptor langerin/CD207, DC-SIGN/CD209 and DEC-2I%205, Fc receptors such as
FceRI, FeyR type | (CD64) and type 1l (CD32) (Engering et &B97; Banchereau et al.,
2000), and TLRs (Erbacher et al.,, 2009). The mamnexeptor, langerin/CD207
(Romani et al., 2003) and DC-SIGN/CD209 (Geijtekoeral., 2000) contain multiple
carbohydrate-binding domains; mannose receptor drtiqoular is involved in the
internalization of sugar-containing proteins anddraes phagocytosis of various
microorganisms which expose mannosylated glycopretéEngering et al., 1997).
DEC-205/CD205 has in its extracellular portion &teyne-rich domain, a fibronectin
type Il domain and multiple C-type lectin-like doims and in the cytoplasmic portion
an amino acid motif which efficiently targets th@decytosed molecule to late
endosomes/class Il compartments (Mahnke et al.Q;2Bfbacher et al., 2009). TLRs
are able to recognize a broad spectrum of diffepathogen-associated molecular
patterns, including conserved components of pr@pzmacteria, fungi, and viruses
(Takeda and Akira, 2005). The recognition of micablcomponents by DC TLRs
results in the expression of inflammatory cytokiresd co-stimulatory molecules
followed by antigen presentation, linking innateatmuired immunity. R&RI/CD64 and
FcyRII/CD32 are members of a family of cell surfaceleeales which includes also
FcyRINI/CD16 and bind the Fc portion of Ig G (van dankeél et al., 1993). Binding to
FcyRs leads to endocytose immune complexes or opsbrmadicles (Fanger et al.,
1996; Amigorena et al., 1998; Do6bel et al., 20X3P1 proteins are known as non-
classical antigen-presenting molecules and bindahial lipid and glycolipid antigens

to present them to T cells (Peiser et al., 2003céllb and Modlin, 1999). Four CD1
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proteins (CD1la-d) are expressed by mDCs; LCs egmbsost exclusively CD1a and
CD1c (Elder et al., 1993; Banchereau et al., 2000mans pDC do not express CD1d
(Montoya et al., 2006). The phagocytosis of apaptells is restricted to the immature
stage of DC development, and this process is acanieg by the expression of some
receptors as CD36, that recognizes apoptotic ¢Bbwil, 1997; Albert et al., 1998).
Upon maturation, these receptors and the phagocgtipacity of DCs are
downmodulated (Albert et al., 1998).

The phagocytosis of uninfected, apoptotic cellsyfead to prevent immune
responses against self antigens within or on thfase of dying cells (Fadeel et al.,
2010); the responsible cells (macrophages, butlggsiso DCs) would acquire a "pro-
resolution” phenotype and protect against firinglammation. Alternatively, the
phagocytosis of apoptotic cells which hosted infers agents is critical for the
induction of a subset of T cells involved in hosfahse against infections, which may
also become involved in autoimmunity and tissudamfmation (Torchinsky et al.,

2009).

Antigen processing and presentation

Antigens captured by immature DCs are degradethdogomes. The generated
polypeptides are transported into the MHC classch-compartment (which is part of
the endosomal compartment) and are loaded on HLAIDRolecules, while DCs
mature. Mature DCs reduce their endocytic capanifiavour of high surface levels of
MHC and co-stimulatory molecules, which make thexpable of activating even naive
T lymphocytes. The peptide-MHC-II complex is exgortto the cell surface, where it
remains stable for days and is available for reitmgnby CD4 T cells (Chow and
Mellman, 2005; Cresswell, 2005). DCs can also Inadcent MHC-I molecules with

antigenic peptides which derive not only from newlnthesized molecules but also
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from controlled proteolysis of exogenous ones il pnoteasome followed by transfer
into the endoplasmic reticulum through TARaftsporter associated witmtayen
processing: Reits et al., 2000). The peptide-MH®@nplex is transferred to the cell
surface and is recognized by CD8+ T cells (Bancheed al., 2000), leading to cross-
priming (Ackerman and Cresswell, 2004/hiteside et al., 2004). The pathway from
endosome to cytosol, where the proteasome is lbcatestill obscure. Recognition of
MHC-peptide complexes on DCs by antigen-specificell receptor (TCR) constitutes
the primary signal in DC-T cell interaction, ne@ysto stimulate a T-lymphocyte
response (Hart, 1997). The activation of T celldasilitated by the interaction of
membrane molecules expressed by these cells, LEBA-CD11b CD18 heterodimer)
and CD2, with co-receptors expressed by antigeeepteng cells, respectively LFA-
3/CD58 and ICAM-1/CD54 (Wang et al., 2003). Thesads are in synergy with TCR-
mediated signals and promote efficient intercetl@dhesion, T cell proliferation and
differentiation (Zumwalde et al., 2013). Althoughepentation of antigen to TCR is
necessary for the initiation of T cell activatidarther co-stimulatory signals delivered
by antigen presenting cells (and also by neighlmlis) are needed for full-blown
immune response (Caux et al., 1994a). Interactimt&een co-stimulatory molecules
expressed by DCs and their ligands expressed bgll§ are among those signals
(Banchereau et al., 2000). In turn, ligation of ©®D4n DCs by CD40-ligand
(CD40L/CD154) expressed by lymphocytes stimulabesmaturation of DCs, with the
consequent expression of high levels of MHC-II, OO87-1) and CD86 (B7-2), the
latter two molecules are ligands for CD28 on lymplies and stimulate secretion of
cytokines by the latter cells (Caux et al., 1994@apntemporaneous block of the
interactions mediated by CD54 and CD80 or CD86ddachanergy (Caux et al., 1994b;

Wang et al., 2003; Palucka and Banchereau, 2012).
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Dendritic cellsand regulation of tolerance

Besides being immunostimulatory, DCs also indumlerance in the thymus
(central tolerance) and in the periphery (periphéoterance). In the thymus this
depends on deletion of autoreactive T cells anigmdiftiation of CD4+ T lymphocytes
to CD4+ CD25+ Treg cells. DCs present self-antiggmghymocytes in the thymic
medulla: if T cells have too high affinity for selhtigens, such as occurs with
autoreactive T cells, they are deleted negative selection (Bancherau and Steinman,
1998; Rathmel and Thompson, 2002).

In peripheral lymphoid organs anergy or activeertimhce may be induced
(Bancherau and Steinman, 1998; Steinman et al.3)200DCs come to present an
antigen while remaining immature,g. because of antigen load in the absence of
inflammatory signals, antigen-specific CD4+ and @D8 cells undergo transient
activation and proliferation followed by deletiorhiwh establishes antigen-specific T
cell tolerance (Probst et al., 2014). In these itunga or semi-mature conditions DCs
express the Thl-inducing cytokine IL-12, which &rtpof a tolerogenic phenotype of
these cells (Steinman et al., 2003). T cells mayngm apoptosis induced via Fas/Fas-
ligand pathway (Siss and Shortman, 1996) or thragjivation of the pro-apoptotic
mitochondrial protein Bim (Chen et al., 2007). Amat pathway leading to tolerance is
activation of CD4+ CD25+ Treg cells, which providetive suppression of response to
self and to not-self antigens (Steinman et al.,.3208hérvari and Sakaguchi, 2004);
also these cells are stimulated by DCs (Probdt,e2Gi4).

Immune suppression is elicited by Treg cells thlowsecretion of soluble
factors, such as the immunosuppressive cytokingland transforming growth factor

(TGF)$, and through intimate cell contact (Fehérvari &akaguchi, 2004). Among
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other effects, IL-10 and TGE-inhibit the maturation of DCs. Treg cells express
their cell surface molecules, such as CTLA-4/CD&ba8 lymphocyte activation gene 3
protein (LAG3/CD223), that suppress DC activati@TLA4/CD152 mediates the
down regulation of its ligands, the co-stimulatomglecules CD80 and CD86 on DCs -
that are capable of interacting both with CTLA4/@GR1and CD28 (Carreno et al.,
2002) - or even the trans-endocytosis of theiraediular domain by lymphocytes, and
triggers the induction of the enzyme indoleaming&dpxygenase (IDO) (Fallarino et
al. 2003; Probst et al., 2014) that catalyzes theversion of tryptophan to kynurenine
and other metabolites which have potent, shorteamgmunosuppressive effects
(Fehérvari and Sakaguchi, 2004). LAG3/CD223 is a4@®ated transmembrane
protein that binds MHC-Il on DCs and suppressesirthmaturation and
immunostimulatory capacity (Liang et al., 2008natly, Treg stimulate an increase in
the cytoplasmic levels of cyclic adenosine monophage (CAMP) in DCs and thus
suppress their activation. This may occur by transf CAMP from Treg cells to DCs
via gap junctions (Probst et al., 2014) and throtiglh generation of pericellular
adenosine from extracellular nucleotides by theeatymes CD39 and CD73 (Probst
et al., 2014). The effects of extracellular ademesire mediated by the four members of
the P1 purinergic G-protein coupled receptor (GP@R)ily (A1, A2A, A2B and A3),
which are expressed on both mDCs and pDCs (Has&lo, &008). Binding to A2A and
A2B causes stimulation of adenylate cyclase andexent increase in intra-cellular
cAMP, whereas Al and A3 have an opposing effectali@&n et al., 2013). A2A
receptor activation on mature DCs shifts their kyte profile from a pro-inflammatory
to an anti-inflammatory one, with increased producdf IL-10 (Hasko et al., 2008).

An example of physiological immune tolerance oscir the gut, where Treg
cells maintain immune homeostasis and prevent teffecells from causing

immunopathology in response to commensal bactdeae macrophages secrete -1
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upon sensing microbial products in the gut; thitokine triggers a subset of innate
lymphoid cells (ILC), precisely ILC3, to produce GEEF; and GM-CSF exposed DCs
release retinoic acid, which promotes the genaratioTreg cells (Aychek and Jung,
2014). ILCs are found in the intestine, lung, s&md liver and are divided into three
groups depending on the cytokines secreted; ILG3et® mainly IL-17 and IL-22
(Hazenberg at al., 2014).

The mechanisms of tolerance are activated alsmglypregnancy and allow
conception, embryo implantation and foetus develeqm(Hsu and Nanan, 2014;
Schumacher and Zenclussen, 2014). The foetus isalkegeneic since it expresses
antigens of both maternal and paternal origin ama immune system of pregnant
women must defend both the mother and foetus fareign pathogens while tolerating
the semiallogeneic foetus. It has been shown tleémal immune T cells specifically
recognize paternal alloantigens but pregnancy ieslua state of transient T cell
tolerance specific for those antigens (Tafuri et 8995; La Rocca et al., 2014). The
exposure of the female reproductive tract to sehfin@ can promote paternal antigen-
specific hyporesponsiveness, inducing a statearfstent active immune tolerance in
the mother (La Rocca et al.,, 2014). The seminaid floontains potent immune-
regulatory molecules such as TGF-beta and PGEf®celarostaglandins, which
promote the generation of Treg from CD4+ CD25- Tiscrobertson et al., 2009) and
the conversion of DCs to a tolerogenic phenotymh&acher and Zenclussen, 2014).
The continuous release of conceptus-derived pdteanagens into the maternal
circulation allows Treg cells to continue emergimgnd expanding throughout
pregnancy, migrate to the uterus and contributeth® generation of a friendly
environment for the embryo. In peripheral blooded@ cells are likely involved in the
suppression of maternal effector T cells respongvi®etal antigens (Schumacher and

Zenclussen, 2014).
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Some tissues are endowed with an immune privilegéehat foreign antigens do
not induce a conventional immune response; spatiifithis happens in the eye and
brain (Medawar, 1961). DCs and macrophages contlect@ye through blood and are
localized in some ocular tissues, predominantlyuvea (iris, ciliary body and choroid);
few cells enter the peripheral retina and corneleibcular tissues are perturbed, bone
marrow-derived cells carrying antigen from the eye found in the lymph nodes and
the antigens are detected even in the spleensafteral hours (Forrester and Xu, 2012).
Nonetheless, the local response may be low or &bsenorder to preserve the
transparency of the eye. Several mechanisms hase peposed to explain ocular
immune privilege, including induction of Treg celthe expression of molecules such
as Fas or CTLA4/CD152 and the secretion of cytakindat generate an
immunosuppressive microenvironment (Stein-Strejl@d08; Denniston et al., 2011;

Wang et al., 2011).

Subsets of dendritic cells

Dendritic cells derive from hematopoietic stemicétee reviews by Steiman,
1991, and Cella et al., 1997). DC progenitors enlibne marrow give rise to circulating
precursors that home to tissues, where they resdsmmature cells (Banchereau et al.,
2000). DCs are a heterogeneous cell population evinosmbers may acquire diverse
maturation states and functions (Schmidt et alL220As anticipated, in both humans
and mice two distinct types of DCs have been ifiedti mDCs and pDCs. The origin
of the former is from common myeloid progenitorlgeWwhile that of the latter has yet
to be conclusively defined (Bancherau and Steinmi&88; Dzionek et al., 2000;

Shigematsu et al., 2004).
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During differentiation DCs may go through an imoratand a mature phase.
The transition of mDCs to maturity is marked by ificdtions of the
immunophenotype and the acquisition of strong imostimulatory power
(Villadangos and Heath 2005; Johnson and OhashB)2Q.Cs are part of the immature
DCs (Shortman and Caux, 1997; Hubert et al., 200BLs appear in blood as already

mature McKenna et al., 2005

Myeloid dendritic cells

Myeloid CD34+ progenitors differentiate into mogtes (CD11c+ CD14+ DC
precursors) that yield immature mDCs in respons&MbCSF and IL-4 (Sallusto and
Lanzavecchia, 1994), and macrophages in responsetoophage colony stimulating
factor (M-CSF).

Myeloid DCs typically express CD11c, MHC-II (in iowspecies, human
leukocyte antigen-D Related,e. HLA-DR), CD33 and CD40, moreover upon
maturation they express CD83 and the co-stimulatogtecules CD54, CD80 and
CDB86 (Freeman et al., 1995; Banchereau et al., 200y are specialized for antigen
presentation through MHC-II to CD4+ T-cells (Banarau et al., 2000; Lewis and
Reizis, 2012), but can also present antigens to+CD®8ells and interact with natural
killer (NK) cells (Albert et al., 1998; Moretta at., 2003).

Immature mDCs may be found in any connective #éisgroper; a subset.e.
LCs are found also within epithelia (see below).tivla mDCs reside in T areas of the
lymphoid tissue including the spleen white pulpriBaereau et al., 2000).

Peripheral blood contains mDC precursors (Banehemnd Steinman, 1998),
immature (Bancherau et al., 2000) and mature mB€anks et al., 2013), pDCs (Liu,

2005) and so called inflammatory DCs (see belovindgel et al., 2002). The subsets of
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DCs in peripheral blood may be distinguished by diféerential expression of three
cell-surface molecules: CD1c, also know as BDCASD303 or BDCA-2, CD141 or
BDCA-3 and CD304 or BDCA-4. BDCA-1/CD1c is expresd®y mDCs (Palucka and
Banchereau, 2012). The expression of BDCA-2/CD308 &8DCA-4/CD304 is

confined to pDCs, as described below (Bancheraai.e2000; Dzionek et al., 2000;
Palucka and Banchereau, 2012; Franks et al., 2BI3LA-3/CD141 is expressed by
mDCs with high capacity to capture exogenous ansiger presentation on MHC-I
class molecules, such as epidermal Langherans aksltsdescribed later.

In stratified squamous epithelia of the skin anadcasae mDCs are represented
by LCs, which express E-cadherin, CD1a and laneb207, and in connective tissue
there are interstitial DCs, which express CD1lc, SIGN/CD209, DEC205 and,
sometimes, also CDla. There are phenotypic andifurat differences between these
two cell types, as detailed below (Nestle et @93 Palucka and Banchereau, 2012;
Klechevsky and Banchereau, 2013). mDCs are alseroéd in lymph vessels as veiled

cells and in lymphoid tissue as interdigitatingsehs detailed below.

Langerhanscells

Langerhans cells are located in stratified squanmeqithelia of the epidermis
and mucosae. They have an oval body and some langhes. The nucleus is indented,
with pale chromatin except for a thin peripherain.riThe cytoplasm contains
cytoskeletal intermediate filaments not clusteredo i fibrils, mitochondria, few
cisternae of rough endoplasmic reticulum, many smeesicles and tubules, a large
Golgi apparatus and Birbeck granules (MontagnaRardakkal, 1974).

The Birbeck granules are disc shaped with a cepaeacrystalline array of

particles and a dilated rim along part of their gimar so in transverse section they
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appear as rods, with parallel membranes on eitlter enclosing a central striated
lamella, and are sometimes dilated at an end, fglgegra tennis racket (Birbeck et al.,
1961 and Wolff, 1967; Rodriguez and Carosi, 1978).

Birbeck granules are found exclusively in LCs aihtan and other mammals,
but not in other DCs. They are part of an endogitthway and are implicated in
antigen processing. Antilangerin antibodies arerimdlized upon binding to the cell
surface, and delivered to Birbeck granules (Vabadet al.,, 2000). Some authors
believe that these inclusions also traffic betwde endosomal compartment and the
plasma membrane along the recycling route (McDern2®02). Birbeck granules are
closely associated with the expression of langéid®07; transfection of langerin
cDNA leads to Birbeck granule formation in fibroktis (Valladeau et al., 2000),
however not all langerin positive cells exhibit lBck granules when observed at
electron microscopy (see below).

Langerin/CD207 is a mannose-specific C-type le(@omani et al., 2003); an
intracellular epitope of this molecule is Lag aetig (Valladeau et al., 2000).
Langerin/CD207 recognizes mannose, n-acetylglucmsgrfucose and sulfated sugars;
it binds microbial fragments and pathogens suchH#i¢ and Candida albicans
(Mizumoto and Takashima 2004; Idoyagaet al., 208&8)markably, langerin/CD207
can be found in cells also in the absence of Bklgranules (Uzan-Gafsou et al., 2007;
Bonetti et al., 2011) and can reside in endosortralkctsires independent of those
granules (Valladeau et al., 2000; Romani et ab320

Another characteristic marker of LCs is CD1a, thas been identified before
langerin/CD207; it recognizes lipid antigens anadh ¢earticipate in the uptake and
presentation of non-polymorphic molecules of baatecell wall (Mizumoto and
Takashima 2004). CD1a is transported from thestefiace to early recycling vescicles

and Birbeck granules; glycolipid antigens captuieyl langerin/CD207 are also
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internalized to these granules, where CD1a is emlpiith lipid moieties. This pathway
enables LCs to uptake specific lipid and glycoligiatigens and to present them via
CDlato T cells (Hunger et al., 2004).

This indicates that LCs have a role in the present of non-peptide antigens to
T cells, mediated by the LC-specific pattern-redtign receptor langerin/CD207 as
well as the antigen-presenting molecule CD1l1a. Toatlon of LCs in the epidermis
allows the innate immune system to respond ragilgnicrobial invaders in the skin
(Hunger et al., 2004). Targeting of non-peptidegamts to LCs may therefore become a
vaccine strategy that could be used for the geoeratf immunity to cutaneous
pathogens.

Langerhans cells express other molecules sucheasmyeloid markers CD13
and CD33 (Valladeau et al., 2005), DEC205/CD205, IDC(dendritic cell
immunoreceptor)/CLEC4A (C-type lectin domain famllymember-4A)/CD367, TLRs
including TLR 1, 2, 3, 6 and 10 (respectively CD28D282, CD283, CD286, CD290),
the high affinity receptor for the crystallizableagment of immunoglobulins G
(FcyRI/CD64a), that for the third component of the ctengent system (C3R/CD11b
CD18), interleukin-2 receptor (IL2R/CD25 CD122 CR2)3MHC class | (HLA-A, B
and C in humans) and class Il (HLA-D, DR, DP in lans) molecules, the lymphocyte
common antigen CD45, ICAM-1/CD54, the integrin nuolles of the CD11/CD18
family - i.e. CD11a, CD11b, CD11c and CD18 - (see for reviewmRgnoli et al.,
1991; Klechevsky and Banchereau, 2013) and E-cad@®&324, which mediates the
binding of LCs to keratinocytes in epidermis (Jalahal., 1999), plays a role in cell
migration and is expressed even by some DCs ibltad (Blauvelt et al., 1995). The
presence of E-cadherin/CD324 may be important &soadherence to carcinoma

epithelial cells. LCs also express the cutaneousphocyte antigen (CLA/CD162)
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which is a ligand for E-selectin/CD62E (Koszik &t 4994), that in basal conditions is
specifically expressed by skin endothelial cellsy(L2003).

As already stated, myeloid CD34+ progenitors ddifdéiate into monocytes
(CD11c+ CD14+ DC precursors) that yield immaturesD€response to GM-CSF and
IL-4 (Sallusto and Lanzavecchia, 1994), and macagpk in response to M-CSF.
Myeloid progenitors also differentiate into CD11€D14- precursors, which yield LCs
in response to GM-CSF, IL-4 and T@F-and macrophages in response to M-CSF
(Bancherau et al., 2000). Myeloid progenitors céferntiate into LCs also through
CDla+ CD14- precursors, generated upon five dalfareuof CD34+ cells with GM-
CSF and tumour necrosis factor (TNE)by continuing culture with the same factors
for seven more days (Caux et al., 1996; Cella.etlB7). A research of Geissmann et
al. (1998) has shown that also CD14+ monocytesudt with GM-CSF, IL-4 and
TGF{ can give rise to LCs containing Birbeck granuleswever this result has not
been confirmed by other studies. In the literattire differentiation of LCs from
monocytes has given inconstant results, and mtet tiie generated cells did not show
a strong polarization of differentiation into LG300d results have been obtained in the
differentiation of LCs starting from CD34+ or CDX33tem cells, isolated from cord
blood (Hubert et al., 2005; Bonetti et al., 20IM)e differentiation of LCs is dependent
on TGF-beta, as indicated by the fact that TGF-detlanockout mice totally lack
epidermal LCs while bone marrow cells from theseantan give rise to LCs after
transfer into wild type recipients. Thus, the ladl_Cs in TGF-beta 1-deficient mice is
not a result of a defect in bone marrow precurbaoitsof the production of TGF-beta 1
within the microenvironment where LC differentigBorkowski et al., 1996).

Therefore it is actually conceived that DCs mageafrom dedicated circulating
precursors in steady state ("classical" or "coneaal" DCs) and from monocytes in

inflammation (Kushwah and Hu, 2011).
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The bone marrow precursors of the LCs pass irgoctftulation, migrate into
tissues through the wall of blood vessels and eepdéthelia crossing the basement
membrane (reviewed by Romagnoli et al., 1991). Tifeuence of the epithelial
microenvironment induces the maturation of preaursgls into LCs; it cannot be
excluded that CD1 antigen may be acquired by ticele even before they enter the
epithelium, while Birbeck granules appear aftes tbntry (Bani et al., 1988). In situ,
some cells express low levels of CD40, CD83 and & D&t not CD80. Isolated LCs
express high levels of all these antigens, whi¢leeeenhanced expression during cell
isolation (McLellan et al., 1998). LCs behave amiature DCs, able to capture antigens
but expressing low levels of co-stimulatory molesubnd with a limited capacity to
secrete cytokines (Paluka and Banchereau, 2013seThells acquire co-stimulatory
molecules and secrete abundant cytokines upon atigioy a process that occurs during
migration of these cells from the epidermis to lympodes and is accompanied by
down-regulation of E-cadherin/CD324 and langerin20D and loss of Birbeck
granules (Tang et al., 1993; Romani et al., 200dn den Bossche et al., 2012), not
always complete (Schuler, 1991).

Langerhans cells are also capable of transfeemdpcytosed antigens into the
cytoplasm, process them and eventually present thenthe cell membrane within
MHC-I class molecules, to stimulate CD8+ T lymphesy(Palucka and Banchereau,
2012). LCs stimulate CD8+ T responses also thraagetion of IL-15, that is critical
for promoting differentiation of naive CD8+ T celiato granzyme B+ cytotoxic
lymphocytes (Klechevsky and Banchereau, 2013).tlilreover in the epidermis is not
high: LCs in the epidermis are long-living. This ynan part be attributed to the
longevity of individual LCs within the epidermal\w@ronment, in part to a low level of
cell division in the periphery (Romani et al., 2D0Blood-borne precursors are

recruited to the epidermis in large numbers onlinfammatory states of the skin: two
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cytokines are critical for immigration of LC presors into the inflamed skin: TGF-
and macrophage inflammatory protein (MIRYyéhemokine (C-C motif) ligand
(CCL)20 (Borkowski et al., 1996; Merad et al., 20@hmuth et al., 2002). MIPads
produced by keratinocytes and LC precursors exptbss appropriate receptor,

CCR6/CD196 (Dieu et al., 1998).

Dendritic cells of non-lymphoid connective tissue

The normal human dermis hosts highly dendrititsgg¢leadington, 1986). Some
of them express factor Xllla in normal and diseaskid (Cerio et al., 1989; Nestle et
al., 1993; Muszbek et al., 2011). The normal skintains three separate populations of
dermal DCs, which have distinctive phenotypic meské\estle et colleagues (1993)
showed that factor Xllla positive dermal DCs mayragative for CDl1a and CD14,
positive for CD1a only or positive for CD14 onlydathat the expression of CD1a is
anyway weaker than that of LCs. CD14+ dermal DQw&ss C-type lectins, including
DC-SIGN/CD209, LOX-1 (lectin-like oxidized LDL reptor-1), CLEC-6 (C-type
lectin domain family 1 member-6)/CLEC4D/CD368, CLE&dectin-1/CD369,
DCIR/CLEC4A/CD367; they also express TLRs, sucilBR2, 4, 5, 6, 8, 10/CD282,
CD284, CD285, CD286, CD288, CD290 (Klechevsky et &009). The DC-
SIGN/CD209 expression is not restricted to DCsammal dermis but is expressed also
by macrophages together with other monocyte/maaggmarkers, as CD14, CD68,
CD163, and CD206 (Ochoa et al., 2008; Torocsik let 2014). The cytotoxic
lymphocyte response induced by CD14+ dermal D@sss potent than that induced by
LCs. In addition, CD4+ T cells primed by CD14+ datr®dCs are unique in their ability
to promote antibody response, either directly opbsning T follicular helper (F4)-like

CD4+ T cells (Klechevsky and Banchereau, 2013). €bdermal DCs secrete IL-10,
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that limits cytotoxic lymphocyte response and irekicegulatory T cells (Treg or Tr),
and express Ig-like transcript (ILT)-2 and ILT-#hibitors of CD8 binding to MHC-I
because of sterical hindrance. Conversely, CDlamaeDCs, like LCs, secrete IL-15
in immunological synapses, inducing a cytotoxic pmse (Klechevsky and
Banchereau, 2013). Moreover, even if both LCs aatmdl DCs are effective in
stimulating immune responses, LCs seem to be phatlg effective in stimulating
responses to low concentrations of antigens, whiggmal DCs are primarily
responsible for the response to high dose hapt&mcc( et al., 1997). Low
concentrations of antigens may be found in theyesthges of viral infection and

carcinogenesis (Romagnoli, 2001).

Dendritic cellsin lymph and lymphoid organs

During maturation DCs come to express CCR7/CD19&t thlows their
localization to lymphoid tissue, upon migrationahgh lymph vessels and lymphoid
tissue in order to efficiently launch immune resges (Paluka and Banchereau, 2012).
While in transit through lymph vessels, DCs acqaingeculiar morphology with wide
lamellipodia, for which they have been called wileells (Hoefsmit et al., 1982;
Bancherau et al., 2000). During maturation DCs @sedhe captured antigen into small
fragments which are then conjugated with MHC-II &MHC-I class molecules for the
presentation to CD4+ and respectively CD8+ T cell®rder to initiate the immune
response (Paluka and Banchereau, 2012; Banchedgst@mman, 1998).

In the spleen there are marginal DCs and in tleellTrich areas of lymph nodes
there are interdigitating reticulum cells, whichegent antigens to T-lymphocytes
(Bancherau et al., 2000; Palucka and Bancheredll)20he name evokes the cell
shape, indeed they have long branches running artyomghocytes. The nucleus is

large, convoluted and lined by a thin band of chabm(Veldman and Kaiserling, 1980;
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Steinman et al.,, 1997). LCs, peripheral connectigsue DCs, veiled cells and
interdigitating reticulum cells are all closelyatdd. The latter two types may contain a
few Birbeck granules when they come from the epmigrand mucosal squamous

stratified epithelia (Schuler et al., 1991).

Dendritic cellsin the thymus

Dendritic cells are present also in the thymusgnetthey are key players during
thymocyte development because they present selfjemst and induce negative
selection of potential auto-reactive T-cell cloif¢andenabeel et al., 2001). Those cells
are localized almost exclusively in the medullag@ker, 1999; Steinman et al., 2003),
which seems to be a major site of deletion of thgytes upon positive selection
(Hengartner et al., 1988; Sprent and Webb, 1995yniic DCs are presumably
comparable to those of other tissues for antiggtuca and processing. This would lead
to the production of MHC-peptide complexes, neetiedelete self-reactive T cells;
indeed, the cells that express a T-cell recept@R)Twith specificity for self antigens
are removed (Spits, 2001; Steinman et al., 200Bg fuman thymus contains two
populations of mature DCs, expressing differenedige markers and displaying
different capacities for IL-12 secretion; the latite necessary for the negative selection
of thymocytes (Ludviksson et al., 1999). The majbymic DC population is
distinguished by being CD11land expresses markers of fully mature DCs. Theomin
thymic DC population is CD11b+. Both populationg &D4+ (Vandenabeel et al.,
2001). After CD40 ligation only CD11b- thymic DCsl@ase substantial amounts of IL-
12, while CD11b+ DCs release scarce amounts of djiiskine (Ludviksson et al.,

1999; Vandenabeel et al., 2001).
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I nflammatory dendritic cells

Inflammatory DCs can be found in peripheral bloadd in tissues upon
inflammation (Hespel and Moser, 2012). They havenb@esignated as 6-sulfo acetyl-
N-lactosamine (LacNA&)DCs (‘slanDCs’) based on the expression of thsitites on
the P-selectin glycoprotein ligand 1 membrane mad&calso known as M-DC8
(Schakel et al., 2002)/CD162. They express trapgon factors involved in DC
differentiation, including DC specific ZBTB46 (Satphy et al., 2012), and their
differentiation does not depend on GM-CSF, at vexéawith conventional DCs (Greter
et al., 2012). Inflammatory DCs are able to indube differentiation of Th1l7
lymphocytes (Segura et al., 2013) and take paradaptive and innate immunity

(Hespel and Moser, 2012; Segura and Amigorena,)2013

Plasmacytoid dendritic cells

The CD11c- CD14- DCs, or pDCs, spontaneously essphegh levels of DC-
SIGN/DEC-205 and do not express CD1d; on mDCs theslecules are upregulated
upon in vitro culture or LPS treatment (Vremec &frtman, 1997). Moreover, pDCs
regularly express CD11b, CD32 (FQRCD123 (IL-3R) and - in mice - DC specific
33D1 antigen (Nussenzweig et al., 1982; Dudziaklgt2007; Benitez-Ribas et al.,
2008). Initially pDCs were considered to derivenfirtymphoid CD34+ progenitor cells
(Bancherau et al., 2000; Shigematsu et al., 2004)jt has been shown that they are
produced in the bone marrow and, in steady-statéigons, circulate in the blood and
migrate to lymphoid tissues. At variance with mD@&y exit the bone marrow already
fully differentiated (Sawai et al., 2013). They regent 0.2%-0.8% of peripheral blood
mononuclear cells (Liu, 2005) and can migrate t accumulate in inflammatory sites

where they may contribute to the inflammatory resgoby releasing cytokines and
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chemokines and activating lymphocytes (Zhang anc@V&005). In physiological
conditions pDCs are localized in the spleen whitp @nd in lymph nodes but not in
peripheral tissues (Liu et al., 2005). CirculatipDCs expres8DCA-2/CD303 and
BDCA-4/CD304, which are expressed also on pDCshm lbone marrow. BDCA-
2/CD303 is a novel type Il C-type lectin that caternalize antigen for presentation to
T cells (Dzionek et al., 2001), BDCA-4/CD304 isndieal to neuropilin-1, a neuronal
receptor recognizing both the axon guidance factoetonging to the class-3
semaphorin subfamily and vascular endothelial gnofattor (VEGF) and expressed
also on endothelial and tumour cells (Dzionek et 2002). Its role in pDCs is still
obscure. Moreover pDCs express TLR7, 8 and 9/CDE&288, CD289 (Zhang and
Wang, 2005). These cells represent a front linargi-viral immunity owing to their
ability to secrete large amounts of l&chh response to viruses (Siegal et al., 1999). At
an early stage of viral infection, pDCs producgéaamount of interferon (IFNy-and -

B (type I IFN; Dzionek et al., 2000) and can thefiedéntiate into antigen presenting
cells (Siegal et al., 1999; Zhang and Wang, 2006g pDC-derived IFN may also
promote the activation of NK cells and the matamatof other subsets of DCs, thus
helping to activate novel T and B cell clones (Zhammd Wang, 2005; Palucka and
Banchereau, 2012). IFN-also has an autocrine effect (McKenna et al., 200BCs
appear highly efficient at cross-presenting antsgenCD8+ T lymphocytes, using pre-
synthesized stores of MHC-I molecules to stimulatapid cytotoxic response to viral
infections; moreover they upregulate the expressfdilHC-1I molecules by mDCs and
induce the maturation of these cells to antigesgmeng cells thanks to the secretion of
IFN-a and TNFe. pDCs can also be tolerogenic by stimulating COD25+ Treg cells
(Banchereau and Steinman, 1998, Liu, 2005; ZhamgVeang, 2005; Dudziak et al.,
2007; Palucka and Banchereau, 2012), which mayabcplarly important in case of

intracellular infections and tumours (McKenna et 2005). Some studies have reported
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that pDCs recruited to the tumour microenvironmaitegn display a non-activated state
and are associated with tumour progression and pomome, especially in cases of
breast, cancer, lung and skin cancer (Treilleual.e2004; Jensen et al., 2012; Labidi-

Galy et al., 2012; Rega et al., 2013).

Dendritic cellsand disease

Langerhans cellsin pathology
Neoplasia

Substantial alterations in the frequency, disttdiny and phenotype of LCs
occur in pathological conditions.

Langerhans cell histiocytosis results from the clonal proliferation of
immunophenotypically and functionally immature, mduLCs. This conditions is
characterised by inflammatory lesions containingralant CD1a positive and CD207-
positive cells (Haroche et al.,, 2017), that showhhexpression of costimulatory
molecules (Laman et al., 2003) and contain Birbgreikaules which are pathognomonic
of the disease (Harrist et al., 1983).

Oral squamous cell carcinoma is the most frequent malignant tumour of the
oral cavity and the sixth most common cancer inviloeld. It may develop from oral
epithelial dysplasia. LCs from the oral epitheliwan present tumour antigens to T
cells, activating an anti-tumour response. The ldoints in normal, dysplastic and
cancerous oral epithelia have given controvergsililits (Wang et al., 2017). A gradual
decline in LC number has been reported at firstinguthe progression of oral

carcinogenesis (Upadhyay et al., 2012), while erttudies have described a gradual
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increase in LC number from normal oral mucosa tepthsia to squamous cell
carcinoma (Costa et al., 2016). Wang et colleagR@$7) found a significantly lower
LC number in oral dysplastic lesions with maligndaransformation than in those
without malignant transformation. A high numberlL&s in the latter lesions indicates
that the patient has the ability to elicit an immaussponse against the dysplastic cells.
Thus, a low LC number in the lesions progressingancer suggests at least a partial
loss of immunosurveillance against dysplastic ¢eliss in turn favours the malignant
transformation of a dysplastic lesion into canddre authors interpreted the findings to
indicate that the patient has the ability to eliait immune response against the
dysplastic cells and that a drop in that resposseelated to at least partial loss of
immunosurveillance against dysplastic cells whicraymfavour the malignant
transformation. The issue is still open to debbhesause the above reported results of
Costa et al. (2016) remain contradictory to theetdtypothesis.

Malignant melanoma can lead to changes in LC population thus altetirey
host-against-tumour response. Already thirty yesys it was proved that melanoma-
associated LCs decline in number as melanoma me@&tene et al., 1988). Melanoma
is one of the most aggressive forms of human caameeris considered one of the most
immunogenic tumours: it has been suggested thahuh#er and the maturation state
of LCs could correlate positively with an overaditter prognosis of the patient (Neagu
et al., 2013; Dyduch et al., 2017). Immature oomegletely matured DCs, in turn, may
mediate tolerance instead of immune activationifbona et al., 1993).

A studyin vitro on LCs generated from CD34+ hematopoietic stens dedls
shown that melanoma-derived factors may play a ablan early LC differentiation
stage, preventing the generation of LCs from thescursors. Thus, CD34+ progenitors
leaving the blood circulation and entering the derat the tumour site would be unable

to generate LCs and repopulate the epidermis beazuthe inhibitory factors secreted
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by melanoma cells (Berthier-Vergnes et al., 200he observations that dermal LCs
are not found around deeply invasive melanomasnéStt al, 1988) while tumour
infiltrating CD1 cells are detected in the dermeep to melanoma (Toriyama et al,
1993) reinforce this hypothesis. The naturally edog LC turnover thus appears
severely impaired inducing a decline in the nundiepidermal LCs (Berthier-Vergnes
et al., 2001). The regression of primary cutanenetanoma has been associated with
the presence of LCs infiltrating the tumour (Makt 2013).

Another type of analysis on cells taken from segitlymph nodes of melanoma
patients has shown that LCs cells in those nodes feature of immature rather than

mature LCs (Gerlini et al., 2012a).

Viral diseases

Dendritic cells have a major role in immune detelagainst viral infection by
generating and regulating innate and adaptive inemmasponses (Randolph et al., 2005;
Woodham et al. 2016). LCs have been investigatedlation to viral diseases because
of their proximity to pathogen entry portals of #ygidermis and mucosae (Merad et al.,
2008), including sexually transmitted ones (Bottaigl., 2017).

Human immunodeficiency virus-1 (HIV-1) can infect DCs and can transmit
the virus to lymphocytes which in turn can exfaighe virus in the environment. This
virus therefore manipulates the natural functiorD@fs to interact with CD4+ T cells,
which are the main target of HIV and in which rapgglication occurs (Ahmed et al.,
2015; Botting et al., 2017). The receptors usediby to enter DCs and LCs are CD4,
that is a primary receptor for glycoprotein envelogp120, and CCR5/CD195 or
CXCR4/CD184 that can act as coreceptors. Entryutfiiothese pathways can yield
productive infections. Alternatively, HIV has beehown to interact with DC-

SIGN/CD209 and langerin/CD207 at the surface of D&tsl LCs respectively.
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Association with DC-SIGN/CD209 promotes HIV infemti binding gpl20 and
cointernalizing the virus (Woodham et al. 2016)s ttan result in viral transmission to
T cells via trans-infection, through immune synafaemodham et al. 2016). HIV has
been detected by immunoelectron microscopy in Bkbgranules, presumably upon
adhesion to langerin/CD207 (de Witte et al., 2007 )patients with HIV infection the
onset of opportunistic cutaneous and oral infestisrmore likely, as facial and perioral
molluscum contagiosum or oral candidiasis; theetatbpportunistic infection is
presumably favoured by alterations in number affiéréintiation state of lymphocytes
and LCs that have been found in these patientarffaiet al., 1994; Romagnoli et al.,
1997).

Molluscum contagiosum and other viral infection, such as svarnd condyloma
acuminatum, may depend on interactions betweers \dnd LCs for the pathogenesis
(Bhawan et al., 1986). Molluscum contagiosum isseduby a poxvirus (Epstein, 1992;
Gold and Moiin, 2007; Leung at al., 2017) and tbgidns are usually small, discrete,
pearly and dome-shaped with central umbilicatiart, diypical and rare varieties could
be found in some patients, in whom the lesions rbaylarge, confluent or non-
umbilicated (Yin and Li, 2017). A total absencelaingerhans and indeterminate cells
was observed in molluscum contagiosum, while thember appeared to be normal or
increased in the perilesional normal skin (Bhawiaal.e 1986).

Warts are caused by human papilloma viruses (a doutdedtd DNA virus)
and quite common (Gold and Moiin, 2007; Thappa @tiamel, 2016). Warts are
clinically identified as papular or nodular strues that have a horny layer on their
surface; they can range from 1-2 mm to severalioetites in size and may become
confluent leading to the appearance of even ldegons; viral replication takes place
in differentiated keratinocytes in or above thetstm granulosum (Gold and Moiin,

2007). In verruca vulgaris and plantar warts fewsladd indeterminate cells were seen
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in the suprabasal location, while normal numberseweted in the perilesional skin
(Bhawan et al., 1986). Jackson et al. (1994) studmdermal LC number in the warts,
in 75% of cases their number was reduced in comganvith normal skin. A decrease
in LCs and a lack of adhesion molecule expressioie epidermis of warts may lead
to a reduced influx of T cells into the lesion Itsalthough T cells are present in the
dermis underlying the infected site (Jackson et1#194). Thus the reduction of LCs
may lead to a poor immune response (in particdlacell-mediated immunity) to the
virus in the epidermis (Bhawan et al., 1986). Italso possible that alterations of
keratinocytes due to viral infection affect the ratgpn of LCs to the epidermis.
Condyloma acuminatum is induced by human papillomavirus and is
characterized by the proliferation of stratifieduamous epithelial tissue; it affects the
anogenital and oral mucosa (Morelli et al., 1994ri@t al., 2017). In a study of 20
condylomata of the vulva the intraepithelial LC®wied abnormal morphology and a
significantly lower number density than control1a positive LCs were observed in
the underlying dermis, suggesting an abnormal eluthtraffic of DCs. T lymphocytes
were the main cellular infiltrate in vulvar papith@virus infection (Morelli et al., 1994).
A study of Giomi et al. (2011) confirmed the suitéyp of the treatment with
aminolevulinic acid and photo-dynamic therapy fioe treatment of condylomata and
showed that LCs and CD4+ and CD8+ lymphocytestiaf¢ heavily the underlying
dermis in the responding patients. This seemsmpée or even eliminate viral infection
in more than half of the treated patients, gengsaithin one month from the beginning
of treatment. Stimulation of DCs with imidazolquime may be helpful in the

treatment of condylomata in HIV infected patier@yru et al., 2017).
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Dendritic céllsin therapy

Given the role of DCs in immunity, the manipulatiof skin-derived DCs has a
potential to generate defensive immunity or foruicidg tolerance in a number of
disease conditions (Banchereau and Paluka, 2005).

Immunotherapy can be defined as the treatment iséade by inducing,
enhancing or suppressing the immune response @akti al., 2014). Immunotherapy
can be active or passive (Lesterhuis et al., 20hlpassive immunotherapy, preformed
antigen-targeting monoclonal antibodies or T celtslowed with intrinsic anti-target
cell activity are transferred to the patient. Intihae immunotherapy, vaccines and
checkpoint inhibitors exert effects mediated byahgon of the host immune cells. DC-
based vaccines are a form of active immunother&ayl\zzi et al., 2014; Coosemans et
al., 2015).

In recent years, there has been a growing intetestards cancer
immunotherapy, taking advantage of the host immaystem to fight cancer by
regulating the induction of protective immunity €Btman and Mellman, 2004,
Banchereau and Paluka, 2005). In search of thevbesination strategies, attention has
been drawn also on DCs (Kantoff et al., 2010; varther et al., 2017).

Several forms of DC-based immunotherapy have degeloped, most of which
involve the isolation of patient- or donor-derivedculating CD14+ monocytes or
CD34+ progenitors and their amplification/differiation ex vivo followed by
maturation; the latter step is particularly impattebecause immature DCs exert
immunosuppressive, rather than immunostimulatongtions (Palucka and Banchereau
2012). These cells can be re-infused into cancéerga upon exposure to tumour
associated antigens (TAASs); exposure may be dyretil TAA derived peptides
(Mayordomo et al., 1995; Hirayama and Nishimural &0 bulk cancer cell lysates (of
autologous or heterologous derivation) (Fieldsletl®98; Fucikova et al., 2011), bulk
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cancer cell-derived mRNA (Boczkowski et al. 20083¢ctors coding for one or more
specific TAAs (Irvine et al., 2000), or mRNAs codifor one or more specific TAAs
(Zeis et al., 2003).

The use of DCs in immunotherapy against cancetilisasdifficult task, since
the conditions for their activation as immune stiaming cells are still largely unclear
and cells not properly activated may be totallyffexive to elicit a protective response
or even counter-productive (Figdor et al., 2004).

Considerable clinical research has focused onawipg systemic treatments for
melanoma, that is immunogenic and, on the contiargenerally resistant to standard
chemotherapy after surgical excision which remaims primary treatment option.
Complete spontaneous regression of melanoma hasdiserved in some patients, a
phenomenon thought to be mediated by the immurnteray@-aries and Morton, 2005).
For this reason, thirty years ago studies havéestam vaccine efficacy in patients with
metastatic melanoma, exploiting melanoma-associatgigens (Morton et al., 1989;
Morton et al., 1992), but until now limited succdsss been observed in the clinics
despite encouraging biological results (Fay et24l06).

An ex-vivo DC-based vaccine for metastatic melanoma congistirbCs pulsed
with autologousex vivo expanded tumour cells has given encouraging seéltiman
et al., 2004, 2009). Two recent phase | studie® l#so reported encouraging clinical
results with personalized vaccines made from mdéscigenerated by molecular
biology and including peptides potentially attachito patient's MHC-1 and MHC-II
molecules (Ott et al., 2017) or corresponding mRN3ahin et al., 2017); mRNA can
be uptaken by peripheral DCs and elicit an imm@sponse in lymph nodes (Kreiter et
al., 2010). A few patients who experienced recureennderwent regression with anti-
PD1 therapy, which interferes with T-cell suppreasby tumour cellfHamid et al.,

2013; Ott et al., 2017; Sahin et al., 2017). Tiyget of treatment does not directly
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interfere with DCs, rather potentiates T lymphosyig inhibiting the activation of PD-

1 by its ligand PD-L1, which would lead to deathGi»8+ T cells.

Nanoparticles as possible adjuvantsin immunother apy

Nanoparticle (NP)-based vaccines are also beingdiet for cancer
immunotherapy, taking advantage of materials witheast one dimension under the
micrometer (Park et al., 2013). Nanotechnology dasvn attention of scientists from
many fields in the last years, prompting to tecbgamal request for high performance.
Since nanomaterials have very different propert@spared with bulk ones they are
appealing for biomedical applications, which hakt®the new branch of nanomedicine
(Lynch and Dawson, 2008). Nanoparticles can be eyepl as carriers for other
chemical species, such as fluorescent or radio-@pagumagnetic molecules for
imaging (McDonald et al., 2017) and drugs for tpgréPark et al., 2013; Valentini et
al., 2013; Bobo et al., 2016). They offer the plodity of a localized delivery of these
substances, as they can be functionalized withifspaeceptors which allow the
selective binding to a target tissue or organ (Greisal., 2008).

Dendritic cells are the first cells to act in teequence of events leading to
immune response toward antigens, it is therefongonant to understand how these
cells interact with nanomaterials candidate to Beduas regulators of the immune
response. However, it must always be considerddhianteractions of NPs with their
biological environment depends by a complex intgrpbetween the controllable
properties of the particles, such as size, shapesarface chemistry, and the largely
uncontrollable properties of the surrounding mediiBuobo et al., 2016). Particle size

plays a key role in the clearance of these masefraim the body, with small particles

45



(<10 nm) being cleared via the kidneys and largetigdes (>10 nm) through the liver
and the mononuclear-phagocyte system (Choi eR@0D7; Sadauskas et al., 2007). For
biomedical applications, organic (Hu et al., 20Bdgrster et al., 2016 ) and inorganic
NPs are under evaluation. Silica and gold NPs ameng the most investigated
inorganic ones (Fogli et al., 2017). Both are cbi@dzed by well-established and easy-
to-follow synthetic routes, high biocompatibilityné tunable physicochemical
properties (Walkey et al., 2012). Nanoparticles banmodified to carry an antigenic
cargo, which can in turn be internalized togethethwthe NP and processed for

presentation to lymphocytes (Prasad et al., 20at¢i@-Vallejo et al., 2012).

Peroxisome proliferator activated receptors (PPAR) and dendritic cells

PPAR

A very large number of genes, cytokines, varioosnmones and lipids may
influence the function and immunophenotype of D&sytributing to lineage, subtype,
and functional specification. Among nuclear receptdhe regulation of these cells
depends on those for glucocorticoids, vitamin Dtinmc acid and peroxisome
proliferator activated receptors (PPARSs). The taltielong to a large group of related
transcription factors (48 members identified in lams) referred to as the nuclear
receptor superfamily, which can bind small lypojghiligands that induce their
transcriptional activities (Varga et al., 2011) AR play roles in an ever increasing list
of regulatory pathways, such as those regardingd, lifipoprotein and glucose
metabolism, inflammation, endothelial function, can atherosclerosis and bone

morphogenesis (Reka et al., 2011; Varga et al.1 201
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Three isotypes of PPAR have been identified: PRAR-(also known as) and
-y (Issemann and Green, 1990; Fajas et al., 199¢h &fathese three subtypes display
differential tissue distribution and mediate spediinctions such as early development,
cell proliferation, differentiation, apoptosis amgetabolic homeostasis (Misra et al.,
2002). The three types of PPARs exhibit also differligand affinity but share a
common feature: upon ligand binding they form arddimer with the retinoid X
receptor (RXR) and bind to canonical peroxisomelifgrator response elements
(PPRES) that are usually located upstream of acutgjulated PPAR target genes
(Nagasawa et al., 2009; Luconi et al., 2010).

PPAR is mainly expressed in cells with high catabaddites of fatty acids, such
as liver, muscle, heart and skin (Issemann andrGA8390; Braissant et al., 1996).

PPAR#/5 is ubiquitously expressed with a higher level iat,gepidermis,
placenta, skeletal muscles and adipose tissue @\flicit al., 2003) and plays a role in
embryonic development and adipocyte physiology i@emnt et al., 1996).

PPARy is highly expressed in adipose tissue and in piglibther tissues, such
as breast, colon, lung, ovary, prostate, thyroidnfbe and Tugwood, 1996), in the
vascular wall (Marx et al., 1999), in cells of tmemune system such as monocytes,
macrophages and DCs - which suggests its involveimeimmunity (Nencioni et al.,
2002; Asada et al., 2004) - and in hematopoietimstells (Greene et al., 1995). PPAR-
v has gained medical relevance through the discovedyugs, that are members of the
thiazolidinedione class as pioglitazone, rosigbtez and troglitazone (Hirakata et al.,
2004), which can be used in the clinics to imprmsailin sensitivity in type 2 diabetic
patients and are high-affinity ligands for PPARKIiewer et al., 1995). Due to its
importance in the treatment of type 2 diabetes ima@&omplications, PPAR-is the
most intensively studied PPAR (Varga and Nagy, 2008

For certain nuclear receptors, including PPARs,identity of their endogenous
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ligands remains largely elusive; preliminary evidensuggests that several lipids,
including fatty acids and their derivatives, eigusids and phospholipids activate target
gene expression either directly as PPAR ligandsndirectly as precursors for other
lipid that ligate PPARs (Forman et al., 1997; Klesvet al., 1997; Chakravarthy et al.,
2009; Haemmerle et al., 2011). Upon ligand bindthg, nuclear receptors can activate
or repress the transcription of a broad spectrugeoks (Mangelsdorf et al., 1995).

It seems that PPARbinds lipophylic ligands, including unsaturatettyfacids,
arachidonic acid metabolites 15-deok¥2,14-prostaglandin J2 (15d-PGJ2) and 15-
HETE (hydroxyeicosatetraenoic acid), and fatty a@dved components of oxidized
low-density lipoproteins (oxLDL), 9- and 13-HODE y(iroxyoctadecadienoic acid);
also, PPARy covalently binds a subsets of fatty acids and ean bind two ligand
molecules at a same time. This latter behavioutdceuplain why the ligand binding
pocket of PPARy is unusually large compared to that of relatedlearcreceptors.
Simultaneous binding of two ligands would also sarpphe hypothesis that PPARis
not a specific target for one particular fatty abitt samples the intracellular mixture of
various fatty acid molecules (Varga and Nagy 20@# et al., 2008). As a transcription
factor, PPARy directly regulates the expression of several ggragscipating in pre-
adipocyte differentiation, fatty acid uptake anpidi storage (Lehrke and Lazar, 2005;
Varga and Nagy 2008) and regulates glucose honmsest@ontonoz et al., 1994;
Spiegelman, 1997, 1998); moreover, it exerts afit&smmatory actions (Cunard et al.,
2002; Nencioni et al., 2002). PPARagonists were shown to abrogate the expression of
pro-inflammatory genes such as nitric oxide syrgh@dOS), matrix metalloproteinase
(MMP)-9 and scavenger receptor A in murine macrgesaRicote et al., 1998), and
TNF-0, IL-18 and IL-6 in human monocytes (Hinz et al., 2003)e Bnti-inflammatory
activity of PPARy is dependent on its ability to antagonize and lbltlte pro-

inflammatory transcription factors nuclear fackd-(NF-«B), adaptor-related protein
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complex 1 (AP-1) and signal transducer and activatteranscription (STAT) (Ricote et
al., 1998; Chinetti et al., 2000; Welch et al., 20Celinski et al., 2011). A consequence
is the block of the production of inflammatory dyittes by several cell types of the
immune system (Gosset et al., 2001; Nencioni eR@02)

Among cells of the immune system, PPARs expressed in humans by
monocytes, macrophages, mDCs and a subset of SiHMdp antigen-presenting cells
of the tonsils (Szatmari et al., 2004), and in theuse by macrophages and mDCs,
including LCs (Hammad et al., 2004). Both mouse dmunan DCs express an
undetectable or a very low amount of PPARGosset et al., 2001; Nencioni et al.,
2002; Szatmari et al., 2004). In contrast, the mMRNAPAR$ has been detected in
monocyte-derived human DCs and murine mDCs (Hamehatl, 2004; Szatmari et al.,

2004).

PPAR-y in dendritic cells

Dendritic cells are used as a model to investibate the trascriptional activities
of PPARy can lead to the modulation of immune functions aache information has
been obtained for DCs derived from peripheral bloadnocytes, using PPAR-
agonists (Szatmari et al., 2006; Varga and Nag@R®PARy agonists may be used as
tools to address the role of these receptors irdifferentiation, maturation, migration,
cytokine production and antigen uptake and presentdy the DCs (Ahmadian et al.,
2013). It has been seen that rosiglitazone, a PPA&Ronist, favours the full
differentiation of LCs from CD133+ haematopoieticeqursors of the cord blood
(Bonetti et .al, 2014).

The expression of PPARis induced immediately at the start of culturediag

to differentiation of these cells and is down-regetl soon afterwards, but not
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abolished, so that PPARIs expressed at high level only in a narrow tiraefe and at
lower levels thereafter; the highest level of egpren and ligand responsiveness occurs
in the first 24 hours of culture, but after 5 daydture with a PPAR-agonist a change
occurs in gene expression and consequently in pyj@oofeatures (Varga and Nagy
2008), as shown below.

Upon ligand binding PPAR-binds in turn to canonical PPREs upstream of
acutely regulated PPAR-target genes. PPAR-belongs to the group of nuclear
receptors that bind to their response elements wimey form heterodimers with their
obligate partner retinoid X receptor (RXR), a prsauious nuclear receptor. PPAR-
v/RXR heterodimer recruits a protein complex thahsists of co-activators or co-
repressors to direct transcriptional activatiomegression, respectively. The binding of
PPAR¥/RXR heterodimer to PPREs has been shown to ra@sute stimulation of
transcription; in the absence of ligands, PPARXR heterodimers bind to PPREs in a
conformation that favours the binding of co-repoessnolecules leading to the
inhibition of transcription. PPAR-activation by ligand binding can also lead to the
repression of gene expression, possibly througtarssirepression mechanism (Varga
and Nagy, 2008). Upon ligand binding, PPA&an also interfere with the activity of
distinct transcription factors, such as NB; through protein—protein interactions
(Pascual and Glass, 2006).

PPARy ligands are able to alter the maturation and imwgenicity of DCs
stimulated by specific receptors, such as TLR, blgihiting extracellular signal-
regulated kinase (ERK), NkB and mitosis-activated protein (MAP)-kinase patissva
(Appel et al., 2005; Wei-guo et al., 2010), andnpair the expression of co-timulatory
molecules (CD83, CD80, CD40) (Szatmari et al., 2006

Differentiation of DCs in the presence of a PPARgonist leads to reduced

expression of CD1a and CD80 compared to culturbowit that agonist; the treatment
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apparently does not affect the light microscopiaapect of the differentiated cells
(Nencioni et al., 2002; Szatmari et al., 2004, JOPARy agonists treatment of
differentiating DCs leads also to lower expressstdrlCCR7, hindered migration and
lower secretion of several cytokines, namely IUL610, IL-12, IL-15, IFN+y-inducible
protein (IP)-10 also known as chemokine (C-X-C digand (CXCL)10, MCP-2,
CCL5 also known asegulated upondivation, rormal T-cell expressed andesreted
(RANTES), EBI1 ligand chemokine (ELC) and TNE-These modifications indicate a
general negative effect of PPARan the production of inflammatory cytokines by DCs
and favours the differentiation of T cells into €hper 2 rather than T-helper 1
lymphocytes (Gosset et al., 2001; Nencioni et28Q2; Szatmari et al., 2006). On the
contrary, PPARy agonist-treated monocyte-derived DCs undergo gplagion of
CD86 and MHC-II and express more CD1d than untceatdls. CD1d expression in
monocytes is high and sustained throughout thergifitiation process of DCs. This
marker recognizes and presents lipid antigens\ari@nt NK cells, that are activated,
proliferate and release inflammatory cytokines|Nis-y, TNF-, IL-4, IL-5 and MIP1-

a (Szatmari et al., 2006; Varga and Nagy 2008). Differentiated in the presence of
PPAR+y agonists have shown up-regulation also of theptecdor apoptotic cells,.e.
CD36 (Tontonoz et al., 1998, Gosset et al., 20Gndioni et al., 2002; Szatmari et al.,
2007), enhanced phagocytic activity and inducedesgion of a multidrug trasporter
molecule, that confers protection against xenotsatfhgostini et al., 2006),

Upon stimulation with LPS, DCs differentiated inetpresence of a PPAR-
agonist do not express CD1la and express CD80 ar@B @Dlower levels than cells
generated without that agonist (Nencioni et alQ2)0The effects of PPAR-agonists
on differentiating DCs have been reported to becentration dependent (Nencioni et
al., 2002; Majai et al., 2007).

It is not yet clear whether these phenotypic ckangre due to direct

51



transcriptional effects on inflammatory gene expi@s or to secondary changes
induced in lipid metabolism (Szatmari et al., 200%3ada et al. (2004) suggested that
PPARy modulates the gene expression of CD36 througlctdirgeraction with the
proximal promoter of that gene via a specific remmelement. The PPARagonists
glitazones also stimulate endocytosis in immat@za(to et al., 2004; Szatmari et al.,
2006) and mature DCs (Luo et al., 2004) and phagsisyby immature DCs, but the
pro-inflammatory response and the capacity to &igd cell activation are not
enhanced, suggesting that the functions of DCsngodeery complex regulation upon
stimulation of PPARy (Majai et al., 2010). The addition of PPARagonists during the
generation of DCs in vitro has controversial effeah the generated cells. Nencioni et
al. (2002) and Appel et al. (2005) reported thas@€nerated in the presence of PPAR-
vy agonists had impaired T cell stimulating activilp. a mouse model of atopic
dermatitis, PPARr agonists led to decreased severity of the diseabde they
inhibited the maturation in vitro of DCs (Jung ét, 2011). Szatmari et al. (2004)
reported, upon PPAR-stimulation, a normal T cell-activating capacityl@Cs and an
increased stimulatory activity on invariant NK-Tllsein the presence of galactosyl-
ceramide; the latter effect was considered depdnateincreased expression of CD1d
and glycolipid presentation through this molecute.a later review, Szatmari et al.
(2006) considered that PPARagonist impaired the allostimulatory capacity a2
The stimulation of PPAR-may also interfere with the migration of DCs out o
peripheral tissues, indeed Nencioni et al. (20@pprted that the activation of PPAR-
in DCs inhibited the expression of CCR7, a recemtopolved in the localization to
lymphoid tissue and maturation of DCs (Li et aD12). Using a murine model of LC
migration induced by TNf; Angeli et al. (2003) found that the PPARagonist
rosiglitazone specifically impairs the departuretadse cells from the epidermis. Local

production of PPARr activators, for instance arachidonic acid derxedj in the
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peripheral sites during inflammatory reactions nthgrefore be important for the
regulation of immune responses. In human DCs thieation of PPARy also leads to
the generation of retinoic acid, a molecule thajutates DCs phenotype and may
concur to fine tuning the function of these cegdtmari et al., 2006). In particular, in
the absence of inflammatory signals retinoids irdapoptosis of DCs, while in the
presence of inflammatory cytokines they potentia@ activity by increasing NkB
binding to DNA, triggering the expression of MHCdhd costimulatory molecules at
the cell surface, promoting the transition to matldCs and leading to enhanced

antigen-specific T cell response (Geissman eR@03; Szatmari et al., 2006).
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Aim

Given the ability of dendritic cells to regulateetimmune system and their
essential role in inflammatory processes in respdagissue injury and in generating
antitumor immunity, these cells are considered iptesslinical targets. Also, these cells
- depending on intrinsic properties and the micvremment - may cause anergy or
stimulate active tolerance; this prompts to un@degthow these different functions are
regulated in order to control dendritic cell furctifor clinical purposes.

In order to better understand the steps and domtrechanisms of the
differentiation of dendritic cells, this researclildeesses the potentials for such
differentiation of different precursors presentadult blood and the possible role of
PPARy stimulation on that process, given the possibtligt dendritic cells, including
Langerhans cells, express those receptor.

Therefore the following steps were undertaken:

1) characterize CD14, CD34 and CD133 positive gl blood progenitors and
verify the possibility to use them as starting pagan to differentiate dendritic cells
and Langerhans cells;

2) assess the steps of this differentiation angptemotype of generated cells;

3) using cells generated from CD14+ monocyte pmagr assess the interactions of
dendritic cells with inorganic nanoparticles and the effects os timteraction on the
morphological, immunophenotypical and functionaipmrties of the cells;

4) establish the effect of PPARstimulation on these processes, taking advantathe o
antidiabetic drug rosiglitazone as a tool to a¢awhose receptors;

5) evaluate the expression of PPARwith and without the stimulation of rosiglitazone,

at different times of cell culture.
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Materials and M ethods

I solation and culture of CD14+ cellsfrom peripheral blood

Human CD14+ cells were isolated from buffy coattamed from healthy
donors and stored at +4°C for 24 h before use, dngsity gradient centrifugation on
Ficoll (Lymphoprep, Euroclone, Pero, Italy) for ibn at 800 xg. The buffy coat was
suspended in 2,5% dextran (Amersham PharmaciadBipo®wveden) in 0.9% NaCl and
stabilized at 37°C for 30 min. Upon dilution witlihgsphate buffered saline pH 7.4
mol/litre (PBS) the suspension was stratified ovieoll and centrifuged as indicated.
Upon washing in PBS, the CD14+ cells were seledigda magnetic field upon
labelling with colloidal superparamagnetic microfi®aconjugated with mouse anti-
human CD14 monoclonal antibody (Miltenyi Biotec,r§isch Gladbach, Germany),
following a previously published protocol (Miltengt al., 1990; Paccosi et al., 2014);
beads were added at the cell suspensiornu{2@ads per 10total cells) and were let
incubate at 4°C for 15 min. After wash with PBS t&#l suspension was injected into
the column for separation. After elution of unldéelcells, the column was extracted
from the magnet and CD14+ cells were recovered RBB.

The cells were seeded at mean concentration di xells/ml in RPMI 1640
with 10% heat-inactivated foetal bovine serum (FEBB)O U/ml penicillin and 0.1
ng/ml streptomycin (all from Sigma-Aldrich, St Lieuy Mo, USA), GM-CSF (10
ng/ml), 1L-4 (10 ng/ml), TNFe (10 ng/ml) and TGHB- (10 ng/ml) for 7 days, thus
obtaining immature DCs; final maturation was indlieath the same cytokines plus IL-

18 (10 ng/ml), IL-6 (1000 U/ml) and TGE-(20 ng/ml) for additional 24 h. All
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cytokines were purchased from PeproTech. For BGRe isoform 3 was used: the
three isoforms of TGB-signal through the same receptor and elicit sinblalogical
responses (Sporn and Roberts, 1992).

The isolated cells from each donor were split aedded with and without
rosiglitazone (Selleckchem, TX). The same was daee for the culture of the other
precursors indicated below. For all precursorshedgonor was used alone for one
experiment.

Rosiglitazone (umol/l, i.e. 0.36 ug/ml) was added since the start of culture;
culture without rosiglitazone was used as contidle drug was obtained from the
producer as a powder and was dissolved in dimsthlfbxide at a concentration of 100
mmol/l for storage. It was then diluted in 0.1% l@vserum albumin (BSA) down to

100 pmol/l before adding to the culture mediunmhatindicated final concentration.

| solation and culture of CD34+ cells

Human CD34+ cells from healthy donors were isaldtem freshly recovered
buffy coats. The mononuclear cells were isolated MEgoll density gradient
centrifugation and were washed in phosphate budfesdine, pH 7.4 (PBS) with 1%
FBS. Up to 18 cells were resuspended in a final volume of 30PR& and labelled
with superparamagnetic microbeads conjugated tesmaanti-human CD34 monoclonal
antibodies for 30 min at 4° C, according to thedper instructions (Microbeads
UltraPure, human, Miltenyi Biotec). The cell suspien was loaded onto a MACS
Column (Miltenyi) which was placed in the magndigtd MACS Separator (Miltenyi).
The magnetically labelled CD34+ cells are retaiveithin the column while the
unlabeled cells run through. After removing theucoh from the magnetic field, the

CD34+ cells were eluted and counted.
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Purified CD34+ cells (500,000 cells/ml) were sekde RPMI 1640 with 10%
FBS, 100 U/ml penicillin and 0.1 ng/ml streptomy@nd cultivated for 7 days with
SCF (20 ng/ml), TPO (10 ng/ml), FIt3-L (25 ng/mGM-CSF (10 ng/ml), IL-4 (10
ng/ml), TGF$ (10 ng/ml) (all from Peprotech). The culture waglier continued for 7
more days with GM-CSF, IL-4, TNE-and TGFB, at the same concentrations indicated
above for CD14+ cells. For last additional four slaye. from day 14 to day 18 of
culture, TGFB concentration was raised to 20 ng/ml and fL{10 ng/ml) and IL-6
(1000 U/ml) were added, while GM-CSF, IL-4 and TikR~vere maintained at the same
concentration indicated above (Tab. 1).
Table 1 - Cytokines used for culture of CD34+ and of CD133+ precursors.

Concentrationsare ng/ml.

0-7d 7-14d 14-18d

TPO 10

FLT-3 25

SCF 20

GM-CSF 10 10 10
IL-4 10 10 10
TNF-alpha 10 10 10
TGF-beta 10 10 20
IL-1 beta 10
IL-6 15

Rosiglitazone (umol/l, i.e. 0.36ug/ml) was added since the start of culture in

some experiments, as specified above.
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I solation and culture of CD133+ cellsfrom peripheral blood

Human CD133+ cells were isolated from fresh bufbats. The mononuclear
cells were isolated by Ficoll density gradient cémgation, the cells were washed in
PBS, and resuspended in a final volume of 200 |8 RB up to 5 x 10cells, following
the indications of the producer (Diamond CD133atioh kit, human, Miltenyi Biotec),
The cells were incubated with a cocktail of biaotmnjugated mouse monoclonal
antibodies against human CD2, CD3, CD11b, CD14,% D16, CD19, CD56, CD61
and CD253a, for 10 min at 4° C, washed in PBS asdspended in 400 pl PBS. Anti-
biotin microbeads were added for 15 min. at 4°hentthe cell suspension was loaded
onto a MACS Column placed in the magnetic field M2\Separator (all from Miltenyi)
so that the magnetically tagged cells were retaingtiin the column while the
unlabelled ones passed through. The unlabelledyeetf cells were washed and
resuspended in 200 pl PBS (up to 5 X pér sample), adding 50 pl of micro beads
conjugated with monoclonal CD133 antibodies form3id at 4° C. Upon subsequent
magnetic separation the CD133+ cells and subsecphgtindn of the retained cells, the
latter were placed in culture with the same cytekifior the same times indicated for

CD34+ cell culture.

I solation of lymphocytesfor mixed lymphocyte reaction

Allogeneic lymphocytes were recovered from buffyats - obtained from
healthy donors and stored at +4°C for 24 h befose u by density gradient
centrifugation on Ficoll, as above. The cells wesshed in PBS and seeded in RPMI
10% FBS for 45 min. Non-adherent cells were coldcnd were centrifuged at 160 x

g, for 10 min at 20°C, counted and used for mix@adhocyte reaction (MLR).
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Analysis of in vitro generated dendritic cells

At the end of culture the morphology, the immunapitype and lymphocyte-
stimulating activity of the generated cells weralgsed by immunofluorescence, flow
cytometry, electron microscopy and mixed lymphoacgtzction.

The same methods were used to evaluate the iiteraxd DCs (obtained from
CD14+ cells) with NPs.

Also, the expression of the PPARby the cells grown with and without
rosiglitazone (not treated with NPs) was evaluatedifferent times from the start of
culture (0, 7, 14 and 18 days) by quantitative-teaé polymerase chain reaction (QRT-

PCR).

I mmunofluor escence

Double immunofluorescence analyses were perforare@dytospins of mature
DCs, that were fixed with cold acetone for 3-5 raimoom temperature. After blocking
non-specific binding sites with 10 ng/mL BSA (Siglgrich) in PBS with the
addition of 0.5% triton X-100 (Sigma, Milan, Italypr 30 min at room temperature,
primary antibodies (anti-human) were applied oveghn at 4°C at the indicated
dilutions. The following antigens were tagged fil€tAM-1/ CD54 (Merck Millipore,
Darmstadt, Germany; monoclonal mouse IgG1, 1:580gerin/CD207 (Dendritics,
Lyon, France; mouse monoclonal 1gG1, 1:50), DC-SIGDR09 (Sigma-Aldrich;
rabbit polyclonal, 1:50). Secondary goat anti-moumed anti-rabbit polyclonal
antibodies conjugated with Alexa Fluor AF594 (rddofescence), all from Life
Technology (Thermo Fisher Scientific, Waltham, MAyere applied for 2 hours at
room temperature. Afterwards, fluorescein isothoo@te (FITC) conjugated anti-
human HLA-DR sntibody (Miltenyi Biotec, mouse motmwal IgG2&, 1:20) was
added over night at 4°C. The signal was amplifigthvanti-FITC goat polyclonal
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antibody conjugated with AF488 (green fluoresceftermo Fisher Scientific; 1:100).
Nuclei were labelled with Hoechst 33342 (g@/mL; Sigma). Omission of primary
antibodies or substitution with irrelevant ones evesed as negative controls.

The slides were mounted with Gel/Mount (FluorontpurDiagnostic
BioSystems, Pleasanton, CA), observed in an Axipskucroscope equipped for
epifluorescence (Zeiss, Oberkochen, Germany) aptuiead with an Axio Vision 4
system, consisting of a digital multichannel flulsmence module and dedicated software
(Zeiss), or observed in a DMR HC microscope equipf epifluorescence (Leica

Microsystems GmbH, Wetzlar, Germany).

Flow Cytometry

For some samples fixation and permeabilizationeweerformed to evaluate
intracytoplasmic langerin/CD207 expression, usihg tell permeabilization kit of
Nordic-Mubio (Susteren, Netherlands) accordinghte directions of the manufacturer.
The indicated amounts of the following monoclonafilzody solutions were added to
100 pl of cell suspension containing 10,000-60,08l05, as suggested by the producer:
5 pl HLA-DR-Horizon violet (HV450) or 7.5 pl HLA-DHFITC (BD Biosciences,
Franklin Lakes, NJ), 6.5 ul CDla-phycoerythrin (RED Biosciences), 6.5 ul CD11c--
allophycocyanin (APC) H7 or CD11lc-PE (BD Bioscience ul CD14-APC (BD
Biosciences), 5 ul CD33-phycoerythrin with cyanihge Cy7 (PeCy7), 5 ul CD34-
peridinin chlorophyll protein with the cyanine dy€y5.5 (PerCP-Cy 5.5) (BD
Biosciences), 7.5 pl CD45-FITC or 5 pul CD45-HV4®RD(Bioscience), 7.5 ul CD80-
FITC (Miltenyi Biotec), 6.5 pl CD83-PE, 6.5 ul CD&&E or 5 pl CD86-APC (BD
Bioscience), 10 ul langerin/CD207-APC (Miltenyi B2a). The cells were immuno-

labelled for 15 min at room temperature, protediedn the light. Dead cells were
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counted by flow cytometry upon labelling with 7-amiactinomicin D (BD
Biosciences). 7-aminoactinomycin D (AAD) was usedrécognize dead cells and
exclude them from analysis. Isotype-matched antésodlere used as negative controls.
Flow cytometry was performed by collecting morarth10,000 events on a
FACSCanto Il (Becton Dickinson, Sparks, MD) andadatere analysed with Infinicyt

1.7 (Citognos, Salamanca, Spain).

Electron microscopy

Cell pellets were fixed in 2% formaldehyde and 2.§%taraldehyde in 0.1
mol/L cacodylate buffer, pH 7.4, osmicated and eihdled in epoxy resin. Sections
were stained with gadolinium acetate (Electron bBcopy Sciences, Hatfield, PA,
Nakakoshi et al., 2011) and either lead citratdismuth subnitrate (Riva, 1974), and
observed in a Jeol JEM 1010 electron microscopekyd,o Japan) at 80 KkV.
Photomicrographs were taken with a digital camerag®iew IlIl (Soft Imaging
System, Muenster, Germany) connected with a persmmaputer (Dell, Round Rock,

TX) with dedicated software (AnalySIS, Soft Imagi@gftware, Muenster, Germany).

Mixed lymphocyte reaction

Lymphocytes were stained with the fluorescent dyarboxyfluorescein
succinimidyl ester (CFSE) following manufacturestiictions. 2x19 lymphocytes
were cultured 5 days in complete medium with £2Cs. Mature DCs generated at the
end of incubation period from different precursarsd immature, monocyte derived
DCs pre-incubated with NPs were subjected to thayais. Lymphocytes stimulated
with 5 pg/ml phytohaemoagglutinin (PHA, Biochrom,AMwere used as positive

controls. After 5 d lymphocytes were recovered atained with fluorescent mouse
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monoclonal antibodies following manufacturer’s rastions: anti-CD3-PerCP-Cy5.5,

anti-CD4-PE and anti-CD8-APC (BD Bioscience).

Gene expression
The expression of PPARwas evaluated by quantitative gRT-PCR using Cells-

to-CT 1-Step TagMan Kit (Thermo Fisher Scientifit)at allows to measure relative
gene expression by gRT-PCR analysis directly fratuced cells, without preliminary
RNA purification and amplification. The lysis teaflagy is designed for 10-100,000
cultured cells per sample, thus for each assay0880¢ells were washed in PBS,
counted and lysed for 5 min at room temperatureapgec DNA was simultaneously
removed with DNase. Lysis was terminated at roomp&rature by 2 min incubation
with Stop Solution. The lysate was mixed with Tagi®al-Step qRT-PCR Mix
(Thermo Fisher Scientific) and with TagMan® Genepiession Assays for PPAR-
and GAPDH housekeeping gene (Applied Biosystemd farmo Fisher Scientific), at
the volumes indicated by the producer. The reswise read in a Rotor-Gene Q
(Qiagen, Germany) with the following settings: kleyof reverse trascription at 50°C
for 5 min, 1 cycle of reverse trascription inactiga/initial denaturation at 95°C for 20
seconds, 40 cycles of amplification at 95°C forsEsonds and at 60°C for 1 minute.
For the acquisition we have used Rotor-Gene Qsso#ware. A lysate of human pre-

adipocytes was used as positive control for PRAR-

Synthesis of NPs

Gold and silica NPs (AuNPs and SNIPs respectively) were synthesized from a
collaborating research group at the Department loéndstry “Ugo Schiff” of the
University of Florence, directed by Prof. DeboratBdriefly, according to established
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protocols (Turkevich et al., 1951; Stéber et ab68; Frens, 1973;) Rhodamine B

isothiocyanate was added to produce fluoresceniNg?©.

Dendritic cell culturewith nanoparticles

Nanoparticles were added to cultures of immatu@s,Dobtained from CD14+
peripheral blood mononuclear cells as describedreabNPs were added for 48 h at
concentrations of 10 and 100 pg/mL, while the catregion of FBS was reduced to 1%
to minimize a possible influence of serum factors DC maturation. In some
experiments maturation-inducing cytokines, i.e. 1fi,- IL-6, TNF-, at the
concentrations indicated above, were added togethlierNPs. Cells were checked by
phase contrast microscopy throughout culture.

The DCs cultivated with NPs were analysed by fisoence microscopy, flow
cytometry and electron microscopy. In particulas, follow the incorporation of
fluorescent silica NPs, for each experiment ancearpental condition a drop of culture
medium containing about 100 unfixed cells was tiexned to a microscopic slide,
covered with a coverslip and observed and photdg@jas detailed above. The number
of unlabelled and that of labelled cells were cedrdnd the percentage of labelled cells
per slide was computed. Among labelled cells, thiensity of fluorescence was
measured with ImageJ for Windows (NIH, Bethesda,)M&ach labelled cell was
outlined by hand and the software was used to medlse surface area (in square pixel,
pixel size 0.0256 um2) and the mean labeling inter{gn arbitrary units, maximum
intensity = 255) of the cell. The two measures watdtiplied for each other to obtain
the total labeling per labelled cell.

The immunophenotype of DCs exposed to NPs wasiated by flow cytometry

for CD80, CD83 and CD86 (BD Biosciences) as indidabove. The results were read
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in a FACSCanto Il (BD Biosciences) and analysed HACs Diva software (BD
Biosciences).
The capacity of DCs challenged with NPs to stitaul&ymphocytes was

evaluated by MLR as indicated above.

Statistics
Quantitative data were expressed as mean = sthedar (SE) and analyzed as
appropriate by ANOVA and Student t-test for paidada. Values of p<0.05, p<0.01 and

p<0.001 were recorded separately and assumedraicsigt.
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Results

Cdll culture

Most cells obtained from CD14+ precursors showedeadritic morphology
after 7 days, with or without rosiglitazone (fig. ome DCs obtained from CD34+ and
CD133+ precursors acquired a dendritic morphologigvben 7 and 14 days, whether
with or without rosiglitazone (figs. 2, 3). Non-akitic cells had a round shape and
were smaller than dendritic ones. Vitality was radtected by the addition of
rosiglitazone to the culture medium.

The cell number at the start of culture was vadgialh was possible to isolate
more than 10 CD14+ cells, while one could isolate about 6x1®Bx1¢ CD34+ or
CD133+ cells.

The cell mortality at the end of culture was diffiet, depending on the cell type
of origin. The mortality of the cells obtained fra@dD14+ precursors was ~25%, that of

the cells obtained from CD34+ and from CD133+ prsots was ~40%.

I mmunofluor escence

At immunofluorescence, DCs generated from CD14-+aouogtes were positive
for HLA-DR and DC-SIGN; a faint positivity for lamegin/CD207 was observed in a
few cells (fig. 4).
At immunofluorescence almost all mature DCs from3@b and CD133+ precursors
expressed HLA-DR with intensity from moderate tagbt, both with and without

rosiglitazone (figs. 5 and 6, left panels). Parttioé cells obtained at the end of
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DCs obtained from CD14+ cells after 6 days culture

Fig. 1

Immature DCs without rosiglitazone (A) and immature DCs with rosiglitazone (B).

Several cells show a dendritic profile.
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DCs obtained from CD34+ cells after 14 days culture

Fig. 2

DCs differentiated from CD34+ cells without (A) and with addition of rosiglitazone
(B) to the culture medium.
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DCs obtained from CD133+ cells after 17 days culture

Fig. 3

Large DCs obtained without rosiglitazone (A) and with rosigitazone (B), among

medium and small size cells.
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the culture expressed CD54 (figs. 5 and 6, uppetdimi panels); the fluorescence
intensity of the analyzed cells ranged from lightnioderate, whether with or without
rosiglitazone, and was most intense in paranugeaition. All cells with a larger size
were langerin/CD207 positive (figs. 5 and 6, cdntnaddle panels), the fluorescence
appeared in part granular; the signal ranged fright ko bright and did not appear to
vary depending on rosiglitazone addition. Mostetkpressed DC-SIGN, with a light
to bright signal apparently not affected by roseglone (figs. 5 and 6, bottom middle

panels).

Matuare DCs obtained from CD14+ cells

e

Phase contrast DC-SIGN langerin

R+

Fig. 4

Immunophenotype of DCs differentiated from CD14+ precursors without (R-)
and with rosiglitazone (R+), as evaluated in immunofluorescence. Virtually all
cells expressed DC-SIGN while only a minority was labelled for langerin/CD207,
which co-existed with DC-SIGN expression. The results were not affected by

addition of rosiglitazone during generation of DCs.
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Fig. 5 - DCs obtained from CD34+ precursors
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Fig. 6 - DCs obtained from CD133+ precursors
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Flow cytometry

Dendritic cellsfrom CD14+ precursors

Dendritic cells obtained from CD14+ precursors evanalyzed in the immature
and mature state; in both conditions they were HMR+, whether with or without
rosiglitazone. The cells were homogeneous for ecpdrameters (both forward and side
scatter). About a half of the HLA-DR+ cells expms$sCD1a, in similar percentage
before and after induction of maturation and witlwghout rosiglitazone.

The percentage of DCs expressing CD207 was slidingher among immature
than mature cells both with and without rosiglitago After permeabilization the
percentage of DCs expressing CD207 increased baept unfixed, non-permeabilized

cells (fig. 7). The observed differences were mgrificant.

DCs obtained from CD14+ cells

O CD 207
100

80 B cy CD207
60
40 o CDla
20

B HLA-DR

0 ,
IMM DC R- IMM DC R+ MAT DC R- MAT DC R+
Fig. 7

Percentage of DCs differentiated from CD14+ cells that expressed the indicated
antigens, as evaluated by flow cytometry; yellow columns indicate CD207 positivity
of unfixed cells, blue columns indicate CD207 positivity upon fixation and
permeabilization. The expression of langerin/CD207 was limited to a low number of

cells. Mean + SE, N =4
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Dendritic cellsfrom CD34+ precursors

The cells obtained from CD34+ precursocsuld be divided into two
populations, one CD33+ CD45+ and the other CD334%D This latter population
was excluded from analysis, because the lack of3JW8vented to identify those cells
as DCs: they represented up to 30-40% cells agrtdeof culture, as estimated by flow
cytometry. Two distinct populations were observetbag CD33+ CD45+ cells, which
differed in size and cellular complexity. The lati® representative of both cell surface
roughness and cytoplasm compartmentalization. Téles avith greatest size and
complexity were CDla+ and CD207+. The antigen esgpom of DCs differentiated
from CD34+ precursors precursors is reported is.fg, 9 and in fig. 10, it varied
among donors for several antigens.

From any donor, all DCs obtained from CD34+ celese HLA-DR+. Between
50% and 70% of these cells were classified as k€dn the basis of scatter parameters
(high forward scatter and high sid scatter). Thegonity of the latter cells were CDla+
and almost a half were also CD207+. Rosiglitazedetd increase - but insignificantly -
the cells expressing langerin/CD207 on the cefesar (.e., labelled unfixed) and led to
increase the cells labelled for CD207 upon fixat@on permeabilization (fig. 10B). A
high percentage of LC-like cells expressed CD1bael but far from negligeable
percentages were found for the maturation markeB8X@and the co-stimulatory
molecule CD80 (fig. 10A, C). A part of DCs and dflike cells expressed CD209. No
significant differences were observatepending on the presence or absence of

rosiglitazone.
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DCs obtained from CD34+ precursors without rosiglitazone
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Fig. 8

Flow cytometry analysis of antigen expression by CD344 cells upon differentiation
in DCs, including LCs, without addition of rosiglitazone during culture. Dot plot of a

representative experiment. The markers evaluated are shown below in each dot plot.

All HLA-DR positive cells were considered for analysis. These cells are shown in
the right panel of the first line. In the following panels, green dots indicate cells
labelled for HLA-DR but not for the indicated second marker.
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DCs obtained from CD34+ precursors with rosiglitazone
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Fig. 9

Flow cytometry analysis of antigen expression by CD34+ cells upon differentiation
in DCs, including LCs, with rosiglitazone added to the culture medium. Dot plotof a

representative experiment. The markers evaluated are shown below in each dot plot.

All HLA-DR positive cells were considered for analysis. These cells are shown in
the right panel of the first line. In the following panels, green dots indicate cells
labelled for HLA-DR but not for the indicated second marker.
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DCs (all) obtained from CD34+ cells

1 3
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Langerhans cells obtained from CD34+ cells

HLA-IR R- HLA-DR R+ Cn1lcR- CIXllc R+ CDE}R- CNE R+ CIEI R- Cn33 R+

T

D CllaR- CaR+ CD27 R- CDM7R+ cy CD207R- oy CI207T R+ CIZOP R- CD2Z0% R+

Fig. 10

Flow cytometry analysis of DCs differentiated from CD344+ precursors. (A, B): Total
DCs. (C, D): Cells with scatter features of LCs. The tested antigens are indicated in
the X axis caption; yellow columns indicate CD207 positivity of unfixed cells, blue
columns indicate CD207 positivity upon fixation and permeabilization. The
percentage of langerin/CD207 positive cells was significantly higher among cells

grown with than without rosiglitazone (¥*p<0.05). Mean + SE, N = 4.
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Dendritic cellsfrom CD133+ precursors

Also the DCs obtained from CD133+ precursors cdddlivided into a CD33+
CD45+ and a CD33- CD45+ population and only thst fine (about 60-70% harvested
cells) was subjected to further analysis. They wadrdHLA-DR+; 53-94% cells were
LC-like, both with and without rosiglitazone, aspagciated by scatter parameters and
the expression of CDl1la and CD207 (figs. 11, 12 Ppharcentage of cells expressing
CD207+ was significantly higher among cells growithvthan without rosiglitazone;
this was true for both membrane and tot& (ncluding intracytoplasmic) labelling; the
amount of cells labelled upon permeabilization washigher than that of cells labelled
without fixation nor permeabilization. All LC-likeells expressed CD11c and the vast
majority expressed the maturation marker CD83 amel d¢o-stimulatory molecule
CD80; a considerable percentage of DCs and LCs expr&SeSIGN; no significant
differences were observddr these molecules dependingtbe presence or absence of
rosiglitazone (fig. 13).

The difference in the expression of CD80 betwesis ®btained from CD34+
and from CD133+ precursors was significant, thenéigexpression being by cells

obtained from CD133+ cells, with or without rosiglione.
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DCs obtained from CD133+ precursors without rosiglitazone
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Fig. 11

Flow cytometry analysis of antigen expression by CD133+ cells upon differentiation
in DCs, including LCs, without addition of rosiglitazone during culture. Dot plot of a

representative experiment. The markers evaluated are shown below in each dot plot.

All HLA-DR positive cells were considered for analysis. These cells are shown in
the right panel of the first line. In the following panels, green dots indicate cells
labelled for HLA-DR but not for the indicated second marker.
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DCs obtained from CD133+ precursors with rosiglitazone
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Fig. 12

Flow cytometry analysis of antigen expression by CD133+ cells upon differentiation
in DCs, including LCs, with rosiglitazone added to the culture medium. Dot plot of a

representative experiment. The markers evaluated are shown below in each dot plot.

All HLA-DR positive cells were considered for analysis. These cells are shown in
the right panel of the first line. In the following panels, green dots indicate cells
labelled for HLA-DR but not for the indicated second marker.
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Dendritic cells obtained from CD133+ cells
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Flow cytometry analysis of DCs differentiated from CD133+ precursors. (A, B):
Total DCs. (C, D): Cells with scatter features of LCs. Captions colours as in fig. 9.
The percentage of langerin/CD207 positive cells was significantly higher among
cells grown with than without rosiglitazone (*p<0.05). Also, the percentage of
CD80+ cells was significantly higher (p<0.01) than in cells generated from CD34+
precursors (with or without rosiglitazone). Mean = SE, N =4 except for DC-SIGN.
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Gene expression

PPARy gene expression differed greatly depending on dand precursor cell
type, while no significant differences were fouretvibeen cells grown with or without
rosiglitazone.

Newly isolated CD14+ cells expressed a low numiercopies of PPAR-
MRNA. The expression increased during culture, @&itmaximum after maturatiare.

9 days culture (fig. 14A).

Freshly isolated CD34+ precursors showed a mugkr@xpression of PPAR-
gene than CD14+ cells and the expression remameddr all the culture time (fig.
14B).

Also freshly isolated CD133+ precursors showemdw humber of PPAR-
MRNA copies, but higher than that observed for WoBl4+ and CD34+ cells. This
number increased with culture, variably among expentsi.e. donors; the response to
rosiglitazone varied greatly with donors, the mRMAreased in the first 14 d of culture
in three experiments and did not increase in twaearents (fig. 14C). In all but one
experimentsj.e. with four donors, the expression of PPARARNA upon 7 d culture

was higher than that of newly isolated CD14+ cells.
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Real-time PCR analysis of PPAR-y mRNA
DCs from CD14+ cells
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Fig. 14

The graphs show the the number of the PPAR-y mRNA copies in DCs generated
from different precursors and analyzed at different times of culture (indicated by the
numbers on the X axis captions), without and with rosiglitazone (R- and R+
respectively). The graduation on the Y axis differ among the graphs, depending on
the intensity of expression of PPAR-y mRNA. (A) Mean + SE, N = 2. (B) Results of
a single experiment. (C) Mean + SE, N = 5.
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Electron microscopy

Upon culture of CD14+ precursors, i.e. monocyiesnature dendritic cells
were characterized by large size, dendritic shapeleus with shallow indentations,
loose chromatin with small peripheral clumps, maniochondria, well developed
rough and smooth endoplasmic reticulum, variablgmoted Golgi apparatus and a few
lysosomes. Upon maturation, dense chromatin réstrito a thin, uniform peripheral
rim, and the cytoplasm came to contain many lys@soappearing as electron dense,
round bodies and thin curved cisternae with electiense content, sometimes with
cylindrical shape (figs. 15 to 18).

Upon culture of CD34+ and of CD133+ precursorsluding a final maturation
step, the harvested cells included large, dendegits; medium size, mildly dendritic
cells; and small, roundish cells. The largest cetisparticular, had and oval nucleus
with multiple, usually hollow, occasionally deepdentations, and a uniformly
dispersed chromatin; they contained many mitochandvell developed rough and
smooth endoplasmic reticulum, extended Golgi apparaand lysosomes. The
intermediate sized cells also had an oval nucleits, deep indentations, and many,
small, uniformly distributed clumps of chromatinsimes an irregular peripheral rim of
condensed chromatin. They contained several mitodiie, little rough and abundant
smooth endoplasmic reticulum, a small Golgi apperaeand a few lysosomes. The
smallest cells had a round, lightly scalloped nusjewith huge clumps of dense
chromatin both attached to the nuclear envelope faeel in the nucleoplasm; the
cytoplasm was poor in organelles, but for many fileesomes (figs. 19 to 24).

Addition of rosiglitazone to culture led to moddiions of the nucleus and
cytoplasm of large dendritic cells, in that the densed peripheral chromatin appeared
as a thin uniform rim instead of small clumps ahe tytoplsm was enriched in many
lysosomes appearing as electron dense, round badies thin, curved cisternae with
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electron dense content, sometimes with cylindred@pe. Some cells also contained
wide lysosomes with inhomogeneous content sometiinetuding recognizable
remnants of organelles, hence expressing auto- eterdphagocytosis. These
modifications were seen also in immature dendragdls generated from CD14+
precursors.

Straight, short structures with parallel membramaesl a fain, unstructured
central density, as wide as Birbeck granules, wemdgnized occasionally in large

dendritic cells in all culture conditions (figs.@624A).

Immature DCs obtained from CD14+ precursors
without rosiglitazone

Fig. 15

Large cell with dendritic shape and indented nucleus, loose chromatin except for
a peripheral rim, many mitochondria, well developed rough and smooth

endoplasmic reticulum. Bar =2 pm.
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Immature DCs obtained from CD14+ precursors with rosiglitazone
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Fig. 16

Large cells with
dendritic shape
and nucleus with
smooth profile.

Bar =2 pm.

Detail of a
dendritic cell; the
electron dense
structures are part
of the lysosomal
compartment; the
asterisk marks a
multivesicular

body. Bar =2 pum.

Short rod-like
structure with
parallel membranes
and unstructured
central density,
similar to a Birbeck
granule. Bar = 200

niITi.



Mature DCs obtained from CD14+ precursors wit
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Fig. 17

Large cell with
dendritic shape
and loosely
indented nucleus;
the electron dense
structures are part
of the lysosomal
compartment. Bar

=2um.

Detail of a
dendritic cell,
with rough and
smooth
endoplasmic
reticulum and
round electron
dense bodies.

Bar=1 pm.

Curved cisternae
with parallel
membranes
electron dense
content. Bar =

200 nm.



Mature DCs obtained from CD14+ precursors with rosiglitazone
Fig. 18

Overview of
dendritic cells.
Bar =5 pm.

' Detail of a
' dendritic cell. Bar

=2 um.

. Detail of a
dendritic cell
especially rich in
lysosomes. Bar =
1 um.
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DCs obtained from CD34+ precursors without rosiglitazone

S5-I

Fig. 19

(A) Dendritic cells of different size. Bar = 5 pm. (B) Detail of paranuclear
cytoplasm of a dendritic cell, with Golgi apparatus and many lysosomes.

Bar =1 pp.
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Cells obtained from CD34+ precursors without rosiglitazone

Fig. 20

(A) Small,, poorly dendritic cell with clumped chromatin and few electron dense
lysosomes. Bar = 1 um. (B) Small cell with clumped chromatin and few

organelles. Bar =2 um.
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Fig. 21

(A) Dendritic cell. The white spaces in the cytoplasm are cholesterol clefts,

sometimes found in cells in culture. Bar = 2 um. The boxed area is enlarged in
(B). (B) Detail of the cytoplasm with lysosomes, multivesicular bodies

(asterisk), smooth endoplasmic reticulum and Golgi apparatus (arrow). Bar = 1
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DCs obtained from CD133+ precursors without rosiglitazone

Fig. 22

(A) Large dendritic cell rich in organelles and with a huge lysosome (hashtag).
Bar = 2 pm. The boxed area in enlarged in (B). (B) Detail of the cytoplasm with

lysosomes and Golgi apparatus (arrows). Bar = 1 pm.

91



DCs obtained from CD133+ precursors with rosiglitazone
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Fig. 23
(A) A large dendritic cell (center), an intermediate size dendritic cell (top left)
and some small cells (only in part included in the photomicrograph). Bar = 5

pm.(B) Detail of a dendritic cell with rough and smooth endoplasmic reticulum, a

curved cisterna (arrow) and multivesicular bodies (asterisks). Bar = 500 nm.
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DCs obtained from CD133+ precursors with rosiglitazo

(A) Short rod-like structure with parallel membranes, unstructured central

density and terminal dilation, similar to a Birbeck granule. Bar = 200 nm.

(B) Detail of a curved cisterna. Bar = 200 nm.
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Mixed lymphocyte reaction

The proliferation of CD4+ lymphocytes after 5 d-adture with DCs was
significantly higher from that of lymphocytes aloriéhe proliferation was significantly
higher if the DCs had been treated without rosgline during differentiation and
maturation than if they had been grown with rosiglone. The measure of proliferation
by dilution of CFSE allows to separate the respoo$edifferent subtypes of
lymphocytes. This led to recognize that the pradifee response of CD8+ lymphocytes
to DCs was much lower than that of CD4+ lymphocyteappeared less marked when
DCs had been differentiated in the presence ofliteszone but the difference was not
significant, possibly because of the low numbers pobliferating cells in either

condition (figs. 25, 26).
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MLR. T lymphocyte proliferation in response to DCs generated from CD133+
precursors without (R-) or with rosiglitazone (R+). The peak on the right in all
graphs indicates the population of CFSE loaded lymphocytes at the beginning
of co-culture. The peak on the left (where present) indicate the lymphocytes
that have proliferated after 5 d of co-culture with DCs and therefore have
undergone a dilution of the label. The proliferation of CD4+ lymphocytes
increased significantly after 5 days with and without rosiglitazone, compared
to lymphocytes alone (p<(0,001), and the proliferation of CD4+ lymphocytes
stimulated by DCs grown without rosiglitazone was even higher {p<0,001)
than the proliferation induced by DCs grown with rosiglitazone. The
proliferation of CD8+ lymphocytes was virtually negligible. Percentages of
proliferating lymphocytes are reported for each experimental condition.
Similar results were obtained with the Tymphocytes of a different donor, see
fig. 26.
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MLR. T lymphocyte proliferation in response to DCs generated from CD133+
precursors without (R-) or with rosiglitazone (R+). In respect to fig. 23, the DC
population was the same while the responding lymphocytes were from a
different donor. The results give the same indications in both cases: CD4+ cells
responded with significant proliferation (p<0,001), CD8&+ cells proliferated to a
negligible extent, and the proliferation was higher with DCs not treated with
rosiglitazone during differentiation. Percentages of proliferating lymphocytes

are reported for each experimental conditions.
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Interaction of nanoparticleswith dendritic cells generated from CD14+ monocytes

About one third immature DCs (29-38%) had intee®al 10 pg/ml fluorescent
silica NPs after 4 e 24 h of incubation, the petaga of immature DCs internalizing
fluorescent NPs raised to 94-98% upon incubatiah W0 pg/ml fluorescent NPs. At
each time point, the difference between NP conagatrs was significant, while those
between time points for each concentration weresiguiificant (figs. 27A, 28).

Also the mean fluorescent intensity per labelletl was significantly higher
upon incubation with 100 pg/ml than with 10 pg/mP$y this intensity increased
significantly between 4 and 24 h incubation withpdgml NPs, while it remained stable
(at high values) upon incubation with 100 pg/my¢fi278B, 28).

Electron microscopy showed that addition of goldsitica nanoparticles led to
their endocytosis and to the appearance of NPsnwitlembrane-bound compartments,
made of both small endocytic vesicles and largercgires with features of endosomes

and lysosomes (figs. 29, 30).
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Fig. 27

Immunofluorescence analysis of DCs upon exposure to fluorescent silica NPs. The
concentration of NP and the time of exposure are specified in the bottom legend of
each graph. (A) Percentage of DCs containing fluorescent SiO,NPs. At each time
point, the difference between NP concentrations was significant (¥*p<0.05), while that
between time points for each concentration was not significant. Mean £ SE, N =2 (10
pug/mL NPs) or 4 (100 ng/mL) independent experiments. (B) Fluorescence intensity of
DCs, arbitrary units. The mean * SE were calculated assuming each cell as a sample
unit; N = 15~35 depending on experiment. The difference between NF concentrations
was significant (*¥p<0.01) at 4 h, while the difference between 4 and 24 h was

significant (**p<0.01) for 10 pg/ml NPs (indicated with #).
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Immature DCs incubated with fluorescent silica

Fig. 28

Immature DCs incubated with fluorescent silica NFs for 24 h.

Phase contrast microscopy (A, C) and fluorescence microscopy (B, D) of the
same microscopic fields. (A, B): (C, D). DCs incubated with 10 pg/ml
fluorescent silica NPs. The number of intracellular fluorescent bodies, i.e.
lysosomes, and the intensity of fluorescence were directly correlated with the

concentration of NPs. Bar = 10 um.
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DCs generated from CD144 precursors and incubated with SiO,NPs for 48 h.
Endocytosed NPs appeared in small vesicles and in larger vacuoles mainly in the
Golgi area, representing late endosomes and lysosomes. (A) Overview. Bar = 2
um. (B) Detail of the boxed area in (A). The arrows indicate SiO,NPs. Bar = 1

pm.
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Fig. 30

DCs generated from CDI14+ precursors and incubated with AuNPs for48.
Endocytosed NPs were located in small endocytic vesicles and in late
endosomes and lysosomes. (A) Overview; the boxed area is magnified in the
inset and shows an irregularly shaped lysosome containing AuNPs. Bar 1 = um,
inset bar = 400 nm (B) Detail. Bar=1 pm.

The immunophenotype of immature DCs incubated BitB,NPs and AuNPs
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(20 pg/ml and 100 pg/ml) was compared with thatrdfeated immature DCs (negative
control) and of DCs stimulated with maturation-ioohg cytokines (positive control).
The results showed that NPs did not influence nasitm markers expression of DCs,
except for CD86 which was significantly increasadydollowing 100 pg/ml AuNPs
(23 + 8% and 66 + 8% for DCs without NPs and DCshwiOO pg/ml AuNPs,
respectively) (fig. 31).

Dendritic cells treated with SPs or AuNPs did not stimulate lymphocyte
proliferation significantly, at variance with DCsatarated with inflammatory cytokines

(fig. 32).
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MLR. T lymphocyte proliferation in response to DCs generated from CDI144
precursors and treated with NPs: Imm: lymphocytes in co-culture with immature
DCs; MAT: lymphocytes in co-culture with DCs matured with inflammatory
cytokines; AuNPs: lymphocytes in co-culture with immature DCs pre-incubated
AuNPs; SiO,NPs: lymphocytes in co-culture with DCs pre-incubated with SiO,NPs;
PHA: lymphocytes stimulated with 5 pg/ml phytohaemoagglutinin, without DCs
(positive control). Mean + SE, N = 4; *P<0,05 and ***P<(,001 vs Imm.
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Discussion

The results of this study have shown that it isginle to generate DCs from
different precursors obtained from adult human 8lothe generated progeny included
cells with features of a specific DC types. LCs; the percentage of this last cell type
varied depending of the precursors. The generaglisl were able to stimulate mixed
lymphocyte reaction, hence they were functionalfficent. The PPARy agonist
rosiglitazone influenced the morphology and immuretype of DCs, apparently
leading to more mature features, but appearediiacesthe capacity of DCs to stimulate
MLR when DCs were generated from a specific praryrsamely CD133+ cells which
are believed to be the most immature among theedesells. CD133+ precursors
expressed mRNA for PPAR-at appreciable level, indeed they were the precsrs
better endowed with this mMRNA among those studere.h

Large DCs with mature features at electron miavpggi.e. rich in organelles
and especially lysosomes, contained inclusionsmbbeg Birbeck granules but with a
rudimentary central density. Moreover, they corgditflat, curved cisternae that were
delimited by parallel membranes, had a central itlelaser most of there extension,
and were slightly dilated and with uniform electrdense content in some areas. The
images resemble those of extended Birbeck gramlilgted by anti-CD1a treatment of
human epidermal LCs (Hanau et al., 1988).

At variance with what is usually observed in vitbe cells with LC features,
namely a typical scatter pattern at flow cytometilye expression of CDla and
langerin/CD207 at immunophenotypical analysis, eytdplasmic inclusions similar to
Birbeck granules as above described, also expré3Se8IGN/CD209 which instead is
typical of connective tissue, non-Langerhans DCes(M et al., 1993; Palucka and
Banchereau, 2012; Klechevsky and Banchereau, 201#3. was true whichever the
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starting precursor and suggest that the culturelitons cannot reproduce completely
those occurringn vivo.

Most if not all cells identifiable as LCs, or atakt LCs-like, expressed
langerin/CD207 at the cell surface as well as & ¢ltoplasm, since the number of
those cells was not appreciably increased by egthpabilization, as estimated by flow
cytometry. Immunocytochemistry confirmed the preserof a labelled granular
compartment within langerin/CD207 expressing cedls, expected (Romani et al.,
2003). In DCs generated from CD34+ precursors éngiresence of rosiglitazone, the
number of cells expressing langerin/CD207 was higheon labelling of fixed,
permeabilized cells than unfixed cells, which swgehigher intracellular than
membrane localization of this adhesive moleculsuch cells, possibly correlated to its
cycling through different compartments, and anu@fice of PPAR~-stimulation on that
cycling.

The small number of cells with LC-like featurearing from CD14+ precursors
is in substantial agreement with literature repthet LCs are not, or only in limited
measure generated from CD14+ monocytes (Geissntaain €998). Also in line with
previous reports (Szatmari et al., 2004; Varga Biady 2008) is the appearance of
PPARy mRNA in cells generated from CD14+ precursors,anotensely if the culture
was treated with rosiglitazone which hints to agiae positive feedback. Connective
tissue cells (and also keratinocytes) can indeedese molecules acting as PPAR-
stimulants in vivo (Kozak et al., 2002; Nakahigashial., 2012; Frolov et al., 2013;
Itaka et al., 2015; Mashima and Okuyama, 2015; Reamel Rokach, 2015; Han et al.,
2017; Moore and Pidgeon, 2017) and so regulaté diffierentiation and function of
DCs.

Treatment of CD133+ cells with rosiglitazone dgrirculture led to the

generation of many cells, only some which with de@s$ of LCs. In previous study from
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this laboratory on CD133+ cells from cord bloothaid been found that a small number
of well differentiated LCs were generated while esticell types degenerated into
detritus (Bonetti et al., 2014). Therefore theuhssupon culture of CD133+ precursors
from adult blood were in part at variance with thabtained in same laboratory starting
from CD133+ precursors of cord blood. It is notgbke exclude that this depends on
technical reasons because in the meantime fromquevesearch the cytokines have
been bought new, hence they were from differerd bntd in some cases different
producers, and also rosiglitazone had to be oldamesv, from a different producer.
However, it is reasonable to conceive that theethffitiation potential and response to
PPAR«y agonists differ between foetus and adult.

The effect of rosiglitazone on the differentiatiohDCs appeared contradictory:
it stimulated the morphological and immunophencapdifferentiation and reduced the
MLR stimulating ability of the generated DCs. Thesgibility that this depended on
piggyback transfer of rosiglitazone to lymphocyteg DCs is highly improbable
because DCs were extensively washed before tramgfeinto co-culture wells for
MLR. In this study, the effect of rosiglitazone ohg DC differentiation was evaluated
for cells derived from CD133+ precursors. It hadeatfly been demonstrated by
Nencioni (2002) and Appel (2005) that DCs generdtech CD14+ precursors in the
presence of PPAR-agonists had impaired T cell stimulating activily.may be
correlated with this effect of PPARstimulation the fact that in a mouse model of
atopic dermatitis PPAR-agonists led to decreased severity of the diseaseto
selective inhibition of the maturation in vitro 8ICs derived from untreated animals
(Jung et al., 2011).

The study of the differentiation and functionaltguaial of different DCs
precursors was extended to check the interactionDGE derived from CD14+

precursors with inorganic NPs. These DCs were chteeause they are quicker to
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differentiate, require lower amounts of cytokinesd acan be generated from more
numerous precursors, given the frequency of CDXElls i peripheral blood. Gold and
silica NPs entered cells by endocytosis, accumdilate vacuolar (endo-lysosomal)
compartments in the cytoplasm and did not appeanfioence DC maturation except
for a minor effect of AUNPs (these results wereeobjof a publication: Fogli et al.,
2017). The results indicate that NPs are well &ttt by DCs and can represent a
simple, cost-effective, easy to synthesize andctife method to deliver active
molecules (including antigens and drugs) to DCsview of cancer and immune-
mediated diseases therapy. However the final desfilNPs, which are not digested by
cell enzymes, requires further studies.

During this study a reason of trouble was the highiability of the results
among experiments. For each experiments a singlerdeas used and each donor
contributed to only one experiment. On account heff ttalian law on privacy and
personal data protection no information was avé&lain the donors (not even sex or
age), the only information being that they werelthgasubjects acceptable as blood
donors for transfusion. This drawback is intringicstudies with human cells and it
could not be avoided in this research either.

The use of CFSE for evaluating the proliferatidntiee lymphocytes in MLR
allowed to recognize a different effect of DCs gated in vitro on CD4+ and CD8+
lymphocytes, when DCs were generated from CD133ecyssors: these cells
stimulated CD4+ lymphocytes, but were virtuallyfieetive on CD8+ lymphocytes, at
variance with what was found for DCs generated f@iDi4+ cells, as shown in fig. 32:
mature DCs not exposed to NPs and used as coatrdlH experiments stimulated the
proliferation of both CD4+ and CD8+ lymphocytesn& the cells generated from

CD133+ precursors were more similar to LCs thanséhgenerated from CD14+
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precursors, the finding may indicate a differenpazaty of different types of DCs to
interact productively with different subsets ofymiphocytes.

Dendritic cells play a important role in the imneursystem, in fact they
recognize, bind and process antigens and presemt tth T cells to initiate an immune
response; they cells also can cause anergy amgtragtive tolerance. Despite the fact
that DCs have been studied over years, many pmgtrding their differentiation and
function remain obscure. This study has shown ttatDCs can be generated in vitro
from different precursors, that the choice of preots influences the phenotype and
functional ability of the generated DCs, and thegt features of generated cells do not
mach exactly those of cells seen in vivo especilally.

These findings may be relevant to the questiontidreto induce, enhance or
alternatively lower an immune response, it wouldbedter to differentiate dendritic
cells from haematopoietic precursars vitro and inject them into a patient upon
appropriate treatment, or find ways to influence BCs of a patienin vivo, as also
proposed in the clinics (Gerlini et al., 2012b).eThatter strategy would obviate the
imperfect control of the differentiation of D@svitro and the risk of raising cells prone
to induce responses inappropriate to the single wdsch they would be supposed to

cure.
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