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ABBREVIATIONS
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CD: Cluster Differentiation
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MAC: Membran Attack Complex

MDS: Myelodysplastic Syndromes

MHC: Major Histocompatibility Complex

NK: Natural Killer

NOD: Nucleotide Oligomerization Domain-Like Receptor
NOX: NADPH Oxidase

PB: Peripheral Blood

PBMCs: Peripheral Blood Mononuclear Cells
PMN: Polymorphonuclear Leukocytes

PNH: Paroxysmal Nocturnal Hemoglobinuria
PRR: Pattern Recognition Receptor

RAG: Recombinant Activator Gene

ROS: Reactive Oxygen Species

SOD: SuperOxide Dismutase

TCR: T Cell Receptor

TGF-: Transforming Growth Factor-

Tu: T Helper

TLRs:Toll Like Receptors

TNF-: Tumor Necrosis Factor-

Treg: Regulatory T cells
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ABSTRACT

The main topic of this thesis was to evaluate tbkeviance of immune-
tolerance dysregulation in the pathogenesis of sbasmnatopoietic disorders
and for the occurrence of immune pathological carapibns in chronic

infection models.

In Paroxysmal Nocturnal Haemoglobinuria mqgdele described the
occurrence of Treg reduction and NKTi increaseritreated PNH patients as
well as the ability of the Complement blocking molomal antibody
Eculizumab to selectively restore B and NKTi peeml concentration
without significant interference on NK and Treg rhers.

In MyeloDysplastic Syndromes modé¢he study focused on HLA-E and
HLA-I molecules, key elements for NK and CytotoXicell recognition. We
consistently found that a subgroup of Low and InRisk MDS patients,
categorised according with their altered immundilaro(low Treg level and
high CD54 expression on CD8 T cell effectors in B&howed significant
decrease of HLA-I expression on peripheral PMN.sTdlservation indicate
the occurrence of CD8-dependent selection in BMaddiction, the presence
of polyclonal NK expansion bearing an activatingejetor able to recognise
HLA-E in BM has been observed to associate withstflection of dysplastic
precursors lacking HLA-E expression.

In_chronic infection model as represented by natural infection by
Leishmania Infantum in dogs we described a significant increase of @hd
Tyl cells accompanied by reduction of Tregs. The ipogg that such
condition might be relevant for the occurrence aftoanmune platelet
deficiency, frequently observed in Leishmania itdeélc dogs has been
hypothesised. In this model, pharmacological treamtmassociated with
administration of a diet supplemented with nutréicais selected for their
potential immune modulating properties and richegsential fatty acids was
observed to induce restoration of Treg and a pesive decrease ofyI CD4+
T cells. The possibility that such immune-modulgteffects could affect the
occurrence of immune-mediated platelet deficiensy durrently under
investigation.

In SOD1 model we suggested that SOD-1 is part of the network of
molecules involved in antigen-dependent T cell oase. Indeed, we described
that antigen-dependent activation of human T Ilynegtes significantly
increased extracellular SOD-1 levels in lymphoaytétures. This effect was
accompanied by the synthesis of SOD-1-specific mRNA by the induction
of microvesicle SOD-1 secretion. Moreover, confaoadroscopy showed that
antigen-dependent activation was able to modify SODntracellular
localization in T cells, allowing association oétBnzyme with the intracellular
network of signalling molecules involved in TCR-éepent signal
transduction processes. The possibility that suddevation might indicate the
involvement of peroxide/superoxide balance in fimeing of TCR triggering,
needs further investigation.




INTRODUCTION

The Immune System

The immune system is constituted by cells, tissares organs and has the
fundamental role to protect and defend the orgarfienm the disease: this
occurrence is usually defined as “immunity” and,miore complex point of
view, such condition is not only related to theetheie against infections, but
also as ability to preserve the homeostasis anlhh@aseveral non infectious
disease, like tumours. Therefore, the immunity ddaé defined as the process
leading to the preservation of the integrity of iadividual from all those
substances potentially dangerous for the organibeantigens. The antigen
may originate from the same organism (self) or ftbm external environment
(non-self).
In order to consent the immunity status, the immsystem exerts two
principal functions in the different species: thamoral and the cellular
responses. The humoral function is mediated by bé®lsubstances (i.e.
complement proteins, antibodies, natural compoustty, while the cellular
response is based on the direct activity of imneelks (i.e. macrophage, poly-
morpho-nucleated cells, B and T lymphocytes, Natkider cells, etc). Both
responses have different characteristics and codmtiple between living
species.
In this regard, the immune system can be classifitxdsubsystems or phases:
the innate and acquired (or adaptive) responses.
The innate immunity is present in vertebrates andadn-vertebrates and is a
non-specific immmune system that represents thedefence-line in the species
and is based on cells and some mechanisms, medigtediuble substances,
that defend the plants and animals from infectioftse cells of the innate
response recognize and respond to pathogens by wsmeral generic
mechanisms, whose do not confer a long-lastingeptive immunity to the
host. The recognition of the infectious agents ediated by several receptors
encoded by genes that do not undergo any rearrargemgenerate variants.
Adaptive immunity is present only in vertebratesl @ a host defence related
to several specific that specifically recognize éinéigens.
These receptors are encoded by genes that undsgangement to generate
great diversity, and are expressed by the B andymphocytes. This
rearrangement process is not driven by the infastiagent, but happens by
genetic programming.

Previously thought to be crude and nonspecificatenmmunity is now know
to involve a range of receptor families that reagegndiverse microbial
products. Importantly, these receptors program gexmession changes in
target cells. The products of these genes drivearmhation and are also
required for adaptive immunity. These protein idgwcytokines that promote
activation of B and T cells. Other innate immuneteins have direct
antimicrobial effects or act as opsonins, coatiragtéria and promoting



phagocytosis. Innate immunity has therefore gooenfbeing viewed as a
process lacking sophistication, to a key elementbfath inflammation and
adaptive immunity (Paul 2012).

The major principles of the immune response are:

o Elimination of many microbial agents through thennepecific
protective mechanisms of the innate immune system.

0 Ability of the innate immune system to inform thalls of the adaptive
counterpart about the appropriateness to makepamss and the type
of response to make.

o Capability of the cells of the adaptive immune egstto display
exquisitely specific recognition of foreign antigerand mobilize
potent mechanisms for elimination of microbes bepsuch antigens.

o Memory of its previous responses.

o Tolerance of self-antigens.

Innate Immune System

Powerful nonspecific defences prevent or limit atiens by most
potentially pathogenic microorganisms. The epitimali provides both a
physical barrier to the entry of microbes and possdu a variety of
antimicrobial factors. Agents that penetrate théthepum are met with
macrophages and related cells possessing "micrebiaor” that recognize
key molecules characteristic of many microbial dagenrhese "pattern
recognition receptors” include several familiesnablecules, of which the
most studied are the oll-Like Receptors (TLRs) and the udleotide
Oligomerization _dmain-like receptors (NOD). Each TLR recognizes a
distinct substance (or set of substances) assdargth microbial agents; for
example, TLR4 recognizes lipopolysaccharides, TLRi®uble-stranded
ribonucleic acid, and TLR9, unmethylated CpG-canitj DNA. The
interaction of a TLR with its ligand induces a serof intracellular signaling
events, mainly represented by activation of thekBFsystem. Macrophage
activation with enhancement of phagocytic activiwd induction of
antimicrobial system aid in the destruction of gahogen. The induction of
an inflammatory response as a result of the aabivatf the innate immune
system recruits other cell type, including neutiitgptio the site (Paul 2012).
The main components of this response are:

o physical and chemical barriers, such as epithelizgcosal membranes

and antimicrobial substances they secrete.

o blood proteins such as the complement system, stomgiof plasma
proteins capable of promoting the killing of micesband induce a
inflammatory response .
phagocytic cells such as neutrophils and macropghage
o natural killer (NK) cells, a subpopulation that egoizes infected

and/or damaged cells and kills them releasing petfa protein that

creates a pore-channel in the target cells, ankzgnae, which induce
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apoptosis. NK cells also activate the microbiaivéigt of macrophages
by secreting interferop (IFN-y).
Innate immunity, mainly due to the activity of NKynhphocytes, also
contribute to maintenance of tissue integrity. kule according to the
"missing self" hypothesis, NK are able to recogrize genetically altered or
damaged cells evaluating the expression of key cuatds, related to the
health status, such as the MHC Class |.

NK Lymphocytes
NK are a subpopulation of lymphocytes which repnese5-10% of
circulating lymphocytes: are characterized by thiitg to exercise cytotoxic
functions against virus infected or transformedscel
NK cells are larger than B and T lymphocytes ane ehnaracterized by
intracytoplasmic azurophilic granules: for this gea are also called "large
granular lymphocytes” (LGL). Phenotypically theysttutively express:
o CD16: low-affinity receptor for the Fc segmeonit IgG1l and 1gG3
antibodies.
0 CD56 and CD2: adhesion molecules.
o CD7: signal transduction molecule, also presenhagmatopoietic
stem cells and thymocytes.
There is no antigen that characterizes only NKs¢eallch as the TCR for T
lymphocytes or the BCR for the B lymphocytes, iatfahe CD56 antigen is
also expressed by a number of cells like neuromsctas and by a subset of T
lymphocytes double positive for CD3 and CD56.
NK activity is governed by two main receptors faesl
Activating receptors
o Ly49 (homodimers), relatively ancient, belongingtihe C-type lectin
family receptors; represent the receptor for ctads(polymorphic)
MHC | molecules.
0 NCR (natural cytotoxicity receptors), upon stimidaf mediate NK
killing and IFN+ release.
0 CD94: NKG2 (heterodimers), a C-type lectin familgceptor, is
conserved in both rodents and primates and idestifionclassical
(also nonpolymorphic) MHC | molecules such as HLAExpression
of HLA-E at the cell surface is dependent on thespnce of nonamer
peptide epitope derived from the signal sequenceladsical MHC
class | molecules, which is generated by the se@iettion of signal
peptide peptidase and the proteasome. Though atdiles is a way to
survey the levels of classical (polymorphic) HLA lexules.
o CD16 (FglllA) playing a role in antibody-dependent cell-nieeéd
cytotoxicity;
Inhibitory receptors
o Killer-cell immunoglobulin-like receptors (KIRS) lmg to a
multigene family of Ig-like extracellular domainceptors; they are
present in nonhuman primates and are the main tasefor both




classical MHC | (HLA-A, HLA-B, HLA-C) and nonclassal HLA-G
in primates. Some KIRs are specific for certain Hadbtypes. Most
KIRs are inhibitory and dominant. Normal cells eegg MHC class |,
so are recognised by KIR receptors and NK-dependdimg is
inhibited.

0 ILT or LIR (leukocyte inhibitory receptors); arecently discovered as
members of the Ig receptor family.

o Ly49 (homodimers) have both activating and inhityitesoforms.
They are highly polymorphic on the population; Lg48e receptor for
classical (polymorphic) MHC | molecules.

NK effectors represent the guardians of tissuegnitie This condition is

mainly associated with the expression, on theroelinbrane, of high levels of
MHC class | antigens, especially of non classicaH®1 molecules, as
represented by HLA-E. MHC molecules, are mainlyoimed in antigen

presentation to T lymphocytes and have been alsaceted with the control
of transplant compatibility.

NK cells are able to recognize virus infected cellsat normally are

opsonized with antibodies. The Fc portion of thebanlies (IgG1 and IgG3)

that bind to antigens can be recognised byRida(CD16) receptors
expressed on NK cells, resulting in NK activatiaelease of cytolytic
granules and consequent cell apoptosis. This megharcalled _Atibody
Dependent _€ll-mediated _@otoxicity (ADCC), is the major Killing
mechanism of some monoclonal antibodies, currentlgd for therapeutic
purpose.

In addition to the cytotoxic activity, the NK celmre critical elements to
establish a pro-inflammatory environment; indedayt produce IFN- that
activates macrophages and directs the response a#ll§ towards a J1
profile (Paul 2012).

Adaptive Immune System

The adaptive immune system, is mainly devoted &uilgte infectious
environment. It also creates immunological memdtgraan initial response
to a specific pathogen; memory response is usuallyd and efficient; it
controls the pathogen before the establishment ofiracal disease. This
process of acquired immunity is the basis of vaatoom. Adaptive system
includes both humoral immunity components (medidtgdntibody produced
by B lymphocytes) and cell-mediated immunity comgais (dependent on
the T lymphocytes).
Acquired immunity is triggered in vertebrates wherpathogen evades the
innate immune system and generates a thresholddeaatigen. At this stage
there is the recruitment, expansion and differéotia of high specific
lymphocyte clones that modulate their effector \aisti sterilizing the
infectious outbreak.
The major functions of the acquired immune systeciude:

o Recognition of specific "non-self" antigens.




o Generation of responses that are tailored to madkingiminate
specific pathogens or pathogen-infected cells.
o Development of immunological memory, in which pajbos are
"remembered" through memory B and T cells.

Adaptive immunity is characterized by two functiboategories, humoral and
cell mediated response. B lymphocytes recogn@ive antigens; in this way
are recruited, proliferate and differentiate intatildody-producing plasma
cells.
T lymphocytes are not able to recognigtive antigens; they recognize only
peptides derived from antigen processing nfigen Resenting €lls (APC)
such as macrophages, B lymphocytes, dendritic,aals of Langerhans, and
vascular endothelial cells. These peptides, expasedPC in association
with MHC molecules, are recognized specifically tme T Cells Receptor
(TCR). To activatenaive T lymphocytes, are needed, in addition to the
antigen recognition by TCR (I signal), also a seoésignals sent by APC (Il
signal) only after binding of the pathogen with &RT Costimulatory
molecules CD80/CD86 expressed by APC are recogriigedD28 molecule
expressed by T lymphocytes. This interaction detes the activation of
cytotoxic (CTL) or helper T lymphocytes (.
MHC molecules are integral membrane proteins higidlymorphic, whose
NH2-term extracellular region form a pocket in whis located the antigenic
peptide. These molecules are divided into two elsisthe MHC class | and
MHC class Il, which differ in structure and functi@nd are recognized by
different subpopulations of T cells. Indeed, théotyxic lymphocytes (CD9
recognize peptides expressed in association withCMiass | molecules;
derived by processing of endogenous antigens, saghviral proteins,
synthesized within the same cell or derived fronttéda and protozoa
penetrated into the cell cytoplasm. Instead, theend cells (CDZ) recognize,
in association with MHC class I, exogenous antiggdmat are internalized by
pinocytosis or endocytosis, processed and finatlyosed as peptides on the
APC. Different types of effector responses can déegated by CD4helper T
cells: T41, T42 and |17 are the most common. TheyIT response is
characterized by the production of Interferon-gan{ifal-y) which optimizes
the bactericidal macrophages capability, inducespttoduction of opsonizing
(coating) and complement-fixing antibodies, favotive establishment of an
optimal CTL response. TheyZ response is characterized by the release of
Interleukin 4, IL-5, IL-10, IL-13 which results ithe activation of B cells to
make neutralizing non-cytolytic antibodies, leaditoy "humoral immunity"
(Paul 2012).

Major Histocompatibility Complex (MHC)

The major histocompatibility complex (MHC) is a seft cell surface
molecules encoded by a large gene family whichrotsrecognition ability
of adaptive compartment in all vertebrates. Theomijnction of MHC s to
bind peptide fragments derived from pathogens asplal/ them on the cell
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surface for recognition by the appropriate T-dellhumans, the MHC is also
called the Wiman_Lleukocyte Atigen (HLA).

The MHC gene family is present in the short armcbfomosome 6 and
extends for 3500 kb thus occupying a large segmwieDNA. The frequencies
of recombination are around 4%. The MHC genes @tdyhpolymorphic and
have co-dominant expression: each individual exgge$®oth alleles inherited
from parents, allowing you to express the highesmimer of MHC
polymorphisms available. Many different alleles s¢xiin the different
individuals inside a population.

The polymorphic regions in each allele are locatethe region for peptide
contact. Of all the peptides that could be dispiapg MHC, only a subset
will bind strongly enough to any given HLA alleks by carrying two alleles
for each gene, a much larger set of peptides camdsented.

On the other hand, inside a population, the presehenany different alleles
ensures there will always be an individual wittpaafic MHC molecule able
to load the correct peptide to recognize a speaiiicrobe. The evolution of
the MHC polymorphism ensures that a population mat succumb to a new
pathogen or mutation, because at least some indilgdwill be able to
develop an adequate immune response to win overp#tbBogen. The
variations in the MHC molecules (responsible fag gfolymorphism) are the
result of the inheritance of different MHC moleaulnd they are not induced
by recombination, as it is the case for the antigeeptors.

MHC genes are divided into three subgroups: clastass Il, and class lll.
The latter encoding for molecules other than thekeh expose the peptide.
The region of Class | contains the loci that endodédLA Class | molecules
classic (HLA-A, HLA-B, HLA-C) and non-classical (H\-E, HLA-F, HLA-
G, HLA-H, MIC-A), characterized by limited polymdnsm. The HLA class
[l region is in turn divided into 3 loci HLA-DP, HA-DQ, HLA-DR encoding
the o andp chains of each molecule of Class Il. This regiontains genes
encoding TAP (Transporter Associated with Antigandessing), the ATP-
dependent transporter of peptides, important fer dbrrect biosynthesis of
MHC class | molecules.

The two classes of molecules are expressed ditfgréiom the cells of the

organism:
o MHC Class | on almost all nucleated cells
o MHC Class Il on antigen-presenting cells, dendritaells,

macrophages and B cells; on thymic epithelial cedls activated
human T lymphocytes.

The MHC molecules expression is finely modulatedirduy the immune
response. Several cytokines, such as #NFN-B and IFNy, induce the
MHC | increase. The IFN-is able to increase the MHC Class Il expression
on macrophages and to induce of MHC class Il oh pepulations that
normally do not express them. Cytokines increaspression of MHC
molecules by gene transcription.

11



Antigen processing is an immunological processvailg antigen presentation
to T lymphocytes. This process involves two didtipathways for processing
of endocellular and extracellular antigens. Both GiKlass | and Il are
required to bind peptides to be stably expressed aell surface. MHC |
antigen presentation typically involves the endagesnpathway of antigen
processing, and MHC Il antigen presentation invelthee exogenous pathway
of antigen processing.

Usually, old or defective endocellular proteins drae ubiquitinated and
marked for proteasome degradation and binding &<l molecules; in virus
infected cells, viral proteins gain such pathwdgwaing the immune system to
recognize and kill the infected cells. Briefly, pgasome breaks the proteins
into peptides around nine amino acids long (sustdok fitting within the
peptide binding cleft of MHC class | molecules)afsporter associated with
antigen processing (TAP) transports the peptidas time lumen of the rough
endoplasmic reticulum (ER). Here, a series of ctape proteins, including
calnexin, calreticulin, ERp57 and Binding immundglbn protein (BiP)
facilitates the proper folding of MHC class | ang &ssociation with32
microglobulin. The partially folded MHC class | negule then interacts with
TAP via tapasin (the complete complex also contaaleeticulin and Erp57).
Once the peptide is transported into the ER lunbdnnds to the cleft of the
MHC Class | molecule, stabilizing the MHC and aliow it to be transported
to the cell surface by the Golgi pathway.

The exogenous pathway is utilized by specializetigan presenting cells
(APC) to present peptides derived from proteins tinva cell has endocytosed.
The peptides are presented on MHC class Il molscuRroteins are
endocytosed and degraded by acid-dependent prstiEasedosomes.

The nascent MHC class Il protein in the rough ERehgeptide-binding cleft
blocked by li (the invariant chain) to preventrivbrh binding cellular peptides
or peptides from the endogenous pathway. The iaradhain also facilitates
MHC class Il export from the ER in a vesicle. Thises with a late endosome
containing the endocytosed, degraded proteins. i@ iant chain is then
broken down in stages, leaving only a small fragnoatied CLIP which still
blocks the peptide binding cleft. An MHC classike structure, HLA-DM,
removes CLIP and replaces it with a peptide froem éhdosome. The stable
MHC class-Il is then expressed on the cell sur{f&aal 2012).

Immune Tolerance

The innate immune cells have a Pattern recognitemeptors (PRRS),
broadcast inherited with chromosomes, able to Beddg recognize
molecules expressed by pathogens (PAMPSs). Adapélle express a clonal
receptor (TCR and BCR), generated by processesené gearrangement,
extremely variable, but substantially incapabledwéctly discriminate "self"
from "non-self*. Therefore, in order to maintainethiself tolerance", the
immune system have a series of mechanisms to e@imior inactivate self-
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reactive clones. These processes occur both dlyinghocyte development
and in periphery (Alpdogan and van den Brink, 2012)

T cell development and (central tolerance)

Lymphoid precursors from the BM migrate to the tlwgnand then undergo
differentiation under the control of multiple factancluding Interleukin-7 (IL-
7) and Notch-1. Thymocytes develop TBRanda- locus rearrangements and
then start to express CD4 and CD8. This processrigolled by Rcombinant
Activator Gene (RAG) expression. After generation of a congplECR all
thymocytes, in order to avoid the occurrence offoattional (unable to bind
MHC presented peptides) or dangerous self reactivees, undergo positive
and negative selection. Thus, the fate of eachlTpecursor depends upon the
ability of its newly rearranged TCR to properlyardct with MHC molecules.
Most MHC molecules display self-peptides and pwesigelection involves the
recognition of the MHC-self peptide complex. Mohan 95% of thymocytes
do not have any specificity to an MHC ligand and Oy neglect. Only the
small proportion of cells able to bind an MHC ligawith mild avidity will
complete its maturation process.

Intra-thymic T cell tolerance occurs via deletidraato-reactive T cell clones.
If the TCR has high affinity to self-antigens (s®IHC and peptide complex),
this leads to the deletion of thymocytes by apdptaghymocytes that express
a low affinity TCR survive and continue to the nexaturation step. In the
last decade a new transcriptional regulator wasoslieyed in the thymus,

named Autoimmune Regulator (AIRE). AIRE is primgriexpressed in

medullary thymic epithelial cells. It promotes swlferance by inducing

transcription of a wide array of tissue-specifitcigens (TSAS) in the thymus
and plays a critical role in negative selection.thie absence of functional
AIRE, medullary TECs express a severely restricaay of self-antigens

which results in severe autoimmune disease (Alpaagad van den Brink,

2012).

Peripheral Immune Tolerance

Negative selection in the thymus effectively dedetieymocytes that have
high affinity TCR to self-peptide-MHC complexes. ripaeral immune
tolerance mechanisms are critical for controllingatume T cells with
low/moderate affinity TCRs to self MHC/peptide cdeyes. Indeed, small
amounts of T lymphocytes escape selection in tlyentis; these can be
eliminated in the periphery by deletion, induceeérgy and/or suppression by
other immunologically active cells (regulatory e&luppressor cells)
(Alpdogan and van den Brink, 2012).

Peripheral Deletion

Varying levels of antigenic stimulation of maturec@lls in the periphery
can result in T cell clonal deletion. Moreover, dmamount of antigenic
stimulation can induce T cell tolerance by partalvn-regulation of T cell

13



receptors (TCR) on self-reactive CD8ells (Alpdogan and van den Brink,
2012).

T cell Anergy and Costimulatory Signals

T cell activation requires two signals: i) TCR sgni) costimulatory
signal. T cells are not able to mount an immungaorse without a second
costimulatory signal. CD28 is the main co-stimutgatceceptor and has two
ligands, B7.1 (CD80) and B7.2 (CD86), that are egped on APCs (Figure
1A). CD28 signals are critical for T cell activatioproliferation and survival
after T cell interaction with APCs. CD28 activatigasults in increased
expression of cyclins and cyclin dependent kingsdk), downregulation of
cdk inhibitor cdk27kipl and upregulation of glucoseetabolism through
phosphoinositol 3-kinase (PI3K) and Akt activatiddD28 controls T cell
survival by enhancing BCLXL expression in T cellghich prevents T cell
death from apoptotic signals such as Fas activatioriL-2 withdrawal.
Activation of T cells in the absence of CD28 resutan anergic state .

IFNs

/_To \@ﬁ

A
B7 f \
B f\

TGFp Anergy
P
IL10
—
Granzymes \Apoptosis

Figure 1. Main mechanisms of T regulatory cell function. Tregppress effector T cell
function through cell contact (Figure 1A) and intoby cytokine and granzyme secretion
(Figure 1B). T Eff; effector T cells, IDO; indoleame 2,3-dioxygenase, Trp; Tryptophan, Kyn;
kynurenines, IFNs; interferons

Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4) and Inhibition of CD28
Costimulatory Signal

CTLA-4, a member of the immunoglobulin superfamitgs a similar
structure to CD28. Both molecules bind to CD80 #1186 on antigen-
presenting cells. CTLA-4 inhibits CD28 dependertell activation, cell cycle
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progression and IL-2 production of T cells. Int¢irggdy, CTLA-4 inhibition

is more pronounced after initiation of T cell aation and anti-CTLA-4
antibody activity is optimized with continuous CD2&jnaling, suggesting
that upregulation of CTLA-4 is CD28 dependent. CTdAas a significantly
higher binding affinity for the B7 molecules thdrat of CD28 and acts as a
competitive antagonist of CD28. This inhibitory @iion of CTLA-4 is
mediated by its cytoplasmic tail (Alpdogan and dan Brink, 2012).

Programmed Death-1 (PD-1)/PD-1 Ligands

PD-1 (CD279) is a member of the CD28 family thatedgpressed on
activated T, B, and myeloid cells. PD-1 ligands {PDand PD-L2) are
expressed on T cells, B cells, antigen-presenteailg,cendothelial cells, and
tumor tissues. PD-L1 (CD274, B7-H1), a transmemdragiycoprotein
belonging to the immunoglobulin (Ig) superfamilyapd an integral role in the
regulation of immune tolerance and homeostasis.1FD-L1 interactions
lead to inhibitory signals, and ligation of PD-1cacs during autoimmunity,
allergy, allograft rejection, antitumor immunitynéh chronic virus infection.
PD-1 is expressed on T cells after activation agltvers co-inhibitory signals
via an immunoreceptor tyrosine-based switch matthe cytoplasmic domain.
The ability of PD-1 to block T cell activation rages receptor ligation,
suggesting that co-localization of PD-1 with CD3d&m CD28 may be
necessary for inhibition of T cell activation. PBsignals interfere with CD28
mediated activation of phosphatidylinositol-3-kieg®I3K) and subsequently
inhibit interleukin-2 production resulting in anagic state in T lymphocytes.

CD40/CD40L Pathway

CD40 and its ligand CD154 (CD40L) are members eftthmor necrosis
factor (TNF)/TNF-receptor family. CD40 is constitigly expressed on APCs
such as B cells, macrophages, dendritic cells,thyahic epithelium, but can
also be found on endothelial cells and fibroblast$154 (CD40L) is
expressed on activated T cells and NK cells. Siggahrough CD40/CD154
is critical for activation of B and dendritic cell€D40 ligation leads to
secretion of IL-1, TNFy, and IL-12, and to endothelial cell secretion of
monocyte chemotactic factors. Signaling downstre&ithe CD40 molecules
is mediated by TRAFs and leads to the activatiohNBtB, which results in
the upregulation of MHC molecules and co-stimubkataolecules in B cells.
CD154 is rapidly induced on CD4nd some CDS8T cells following T cell
activation after stimulation with cognate antigen.

Suppression of immune responses: Regulatory Cells

The suppressive functions of T cells on the immsgstem has been
known since the 1970s, but a clear definition ofefulatory cells was not
achieved until the mid 90s. Regulatory T cells @)rplay a major role in the
development of tolerance by suppression of immuesponses. Other
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immunologically active cells can also suppress imenvesponses including
NK-T cells, double negative (CD@D8), CD8'CD28 cells, and veto cells.

Requlatory T Cells

Regulatory T cells were first defined as CB®D25 double positive cells
with suppressive functions on immunological resgons rodents.
Approximately 5-10 % of peripheral CD4ells express IL-2 receptors on
their surface. The depletion of CBZID25 cells results in development of
autoimmune disease.
Normally, the thymus produces immunoregulatory QT@25" T cells that
are anergic to TCR stimulation and are able to segspproliferation of other
T cells. They might have intermediate affinity tdHka/peptide resulting in an
escape from negative selection in the thymus.
Naturally occurring Treg specifically express anseription factor (Foxp3),
which is the main inducer, regulator, and survieator in Treg development
and function. Only CD4CD25' single positive thymocytes exhibit expression
of Foxp3 in the thymus. Naive T cells in the peephcan also acquire Foxp3
expression and suppressive function in conditiareh sas chronic antigenic
stimulation in the presence of transforming grovatior (TGF)p1l. TGF1
signaling is required for the maintenance of immauappressive activity and
expansion of regulatory T cells. Interestingly T@F-deficient mice have a
reduced number of peripheral Treg while preserviogmal thymic Treg
development. A defect in TGF-beta-mediated siggalm Treg is associated
with a decrease in Foxp3 expression and suppressivity. Other types of T
regulatory cells can be induced in the peripherthenpresence of interleukin-
10 (IL-10), called Trl cells. Trl cells secrete 10-and TGH1 and their
suppressive activities are independent of Foxp3esgon. Both naturally
occurring Treg cells and Trl cells are hyporespansd stimulation of their
TCR but can slowly proliferate in presence of ILRecently, CD8 Foxp3
Treg have been shown to have a suppressive fundtioautoimmune
disorders and after allergen immunotherapy as ageih GVHD.

Function of requlatory T cells
CD4'CD25' T cells suppress the proliferation of CDes well as CD8T

cells, which requires direct cell contact with Tr&yrvival and function of
Treg is dependent on presence of IL-2; IL-2 defitianice develop
lymphoproliferation and severe autoimmune dise&seression of IL-2R
(CD25) on their surface and signaling through ILi2Required for optimal T
regulatory function. Treg are anergic after stintiola and therefore, IL-2
secretion from conventional T cells is critical filevelopment of suppressive
activity of Treg. The crosstalk between T cell efée and T regulatory cells is
shown in Figure 1B. On the other hand COB25 Treg can secrete IL-10 in
vivo and autoimmunity can be suppressed by reguylatells through IL-10
secretion. Treg interaction with CD80/CD86 througke CTLA-4 molecule
may lead to suppression of effector T cells. Inteom of CTLA-4 expressing
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Treg with APCs induces the activation of indoleaeni)3-dioxygenase (IDO),
which results in both a local deprivation of trypt@n and the production of
inhibitory molecules known as kynurenines. CTLAxpeessing CDACD25'
regulatory cells show a stronger suppressive aytithan their CTLA-4
counterparts. Moreover, blocking CTLA-4 on Treg cafrogate the
suppression of T effectors. CD28-deficient CD2Z5D4" T cells can also
suppress activation of normal T cells, indicatingttCD28 is not required as a
costimulatory molecule for activation of the redalg T cells. Treg may also
act as cytotoxic T cells that expresses granzymaftér activation and are
able to kill activated CD4 and CD8 T cells by a perforin dependent
mechanism (Alpdogan and van den Brink, 2012).

NKT cells

These are T cells that recognize highly hydrophaitgens associated
with CD1d, a non polymorphic molecule belongindthe conserved family of
MHC class I-like CD1 genes. NKT cells secrete Heylels of IL-4 and IFNy
and their prompt cytokine secretion has been stgdess a key element in
pursuing specific T cell cytokine profile (Alpdogand van den Brink, 2012).
In mice and humans, NKT cells can express a résthitCR repertoire with
an invariant TCR alpha and beta chain, V apha 1d ¥nalpha 24,
respectively. Recent reports suggest that NKT geilght promote immune
tolerance through an interaction with Treg, by @asing expression of
negative costimulatory molecules (like PD-1) on diravhich is mostly
dependent on enhanced IL-4 secretion by NKT cdlkeir involvement in
citotoxic mechanisms has been also suggested (4gpdand van den Brink,
2012).

Immune system is involved in tissue homeostasisragbrin order to manage
damage recognition and tolerance maintenance, pfeulthechanisms have
been observed to regulate immune activation prese$erturbation of such
complex network might be associated with autoimmueactions and/or
damage of tissue homeostasis maintenance.

Bone Marrow failure syndromes

Syndromes of Bone marrow failure are a heterogengoup of disorders
characterized by alterations of the haematopost¢im cells. These alterations
deeply compromise the physiological haematopoiesis.
These syndromes may have a primary ethiopatho-geties is dependent on
genetic alterations intrinsic to haematopoietiarstll and due to inherited
germ-line mutations. However, majority of the bomarrow failure, are
acquired. In this context, the occurrence of darmajehe bone marrow stem
cell, progressively alters its ability to generatphysiological haematopoiesis
(Figure 2). These disorders are characterized éyrtappropriate production
of peripheral blood cells. The stem cell defect Idowaffect single
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haematopoietic cell lineage or involve more lineaggenerating a pan-
cytopenia.

Several experimental evidences indicates that ineamediated processes
may be relevant in fostering the bone marrow failun particular, the abty
to escape immune-mediated attacks could be a deiegnfactor in the
selection of pathologic haematopoietic precursassfrequently observed in
bone marrow failure conditions. (Maciejewski et a007; Luzzatto et al.
1997; Barrett 2004); syndromes of the bone marroadure most
representative are: aplastic anemia (AA) due toespdead bone marrow
failure; Paroxysmal Nocturnal Hemoglobinuria (PN&H)d Myelodysplastic
Syndromes (MDS) characterized instead by the emeegand dominance of
mutated or dysplastic haematopoietic clones.

Normal Marrow

Figure 2. Healthy BM (A) hosts a number of precursors muafmdicated by circular
elements green, red, blue) that normally are netl ils the processes physiological polyclonal
haematopoietic. The immune-mediated damage at mm®@cu healthy brings out the
pathological haematopoiesis (mutated) able to trélses attack immune . In the three cases
mentioned (B-D) emerge precursors characterizeditbgrent genetic defects (red, green or
blue) , based on the ability of specific resistatacauto-immune damage occurred .

Paroxysmal Nocturnal Hemoglobinuria (PNH)

Paroxysmal Nocturnal Haemoglobinuria (PNH) is a plax acquired
haematological disorder characterised by the emesgef a haematopoietic
precursor bearing somatic mutations of the phogylanhositol glycan-A
(PIG-A) gene (Rotoli and Luzzatto 1989; Luzzattal &essler 1996; Bessler
et al. 1994; Takeda et al. 1993; Kinoshita et 895).

This gene codifies for the glycosil-phosphatidibsitol (GPI) structure and the
cells carrying these PIG-A mutations lack the egpi@n of proteins needing
this molecule for their membrane anchoring (Miyataal. 1993; Rosse and
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Ware 1995). Defective clonal haematopoiesis dewelapugh several lineages,
along with a residual normal haematopoiesis thuwatting for the mixed
(GPI" and GP)) phenotype commonly present in the peripheral dlobPNH
patients (Rotoli and Luzzatto 1989; Bessler e1884; Rosse 1993; Hillmen et
al. 1995).

PNH is characterized by clinical manifestationshsas severe haemolytic
anemia, thrombophilia and cytopenia, with increasmadsceptibility to
infections (Rotoli and Luzzatto 1989; Rosse and &VH995; Rosse 1992 ;
Ortolan et al. 2006). The disease is associated sarious complications
usually represented by thrombosis involving hepaticdominal and brain
vessels. Mortality is highly frequent (Luzzatto aBdssler 1996; Luzzatto
2006).

The lack of the GPI-linked molecules CD55 (DAF) a@id59 (MIRL),
involved in the protection of red cells from thetidyattack of activated
complement fractions (Wilcox et al. 1991), causehi@nic haemolysis with
capricious exacerbations. Platelet surface actimatty small amounts of
complement and urokinase plasminogen activatomptec€uPAR) deficiency
(Gralnick et al. 1995; Hall et al. 2002) might exdplthrombophylia. However,
the origin of the underlying bone marrow failurestdl unknown (Rotoli and
Luzzatto 1989; Luzzatto et al. 1997; Karadimitrisaé 2000; Risitano et al.
2002).

GPI-defective clones have been identified in hegaltidividuals (Rosti et al.
1997; Araten 1999; Karadimitris et al. 2000) and-&iKO chimeric mice are
unable to mimic a PNH syndrome (Risitano et al.2@reenberg et al. 2002).
These observations strongly suggest that an isbl&K>5-A mutation is
insufficient to account for the clonal dominancelof GPI-defective clone and
for the development of PNH. The possibility thaimso extrinsic selective
pressure could favour the preferential expansiah®iGPI-defective clone has
been hypothesised (Luzzatto et al. 1997; Karadisngtral. 2000; Guidetti et al.
2004). In this context, the absence of GPI-linkedtgins might provide the
GPI-defective clone with a survival advantage ibaekground that impairs
normal haematopoieis. A relationship between PN Aplastic Anaemia
(AA), whose autoimmune origin is generally accepthds been reported,
(Rotoli 1998; Luzzatto 2000) while other and outadauggest the critical
involvement of immune—mediated mechanisms for tbeat dominance of the
GPI-defective compartment (Terrazzano et al. 2005),

PNH onset may be characterized by fatigue, pallod @ccasional

emission of dark urine in the morning, while thramsis, infections and bone
marrow failure are the clinical features of advahdesease.
Therapy is based on blood transfusion to corneetaa. Anticoagulant drugs
are frequently used to control the thrombophiligghty hypoplastic disease is
treated with immuno-suppressive approach and bareom transplantation.
Clinical management of PNH has been completely lutvmized by the
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introduction of drugs to suppress the activity bé tcomplement (Hillmen

2006).

The complement system is an essential element én disfense against
infectious agents. It is constituted by severatuating proteins and cell
membrane ligands, each other interacting and lgatbnthe microrganism

lysis and to the optimization of the inflammatompgesses. The bactericidal
function of complement is expressed by the fornmatd a peculiar "pore-

channel”, namelynembrane attack complex or MAC, at the surface of cell
membrane of the target: it generates the colloidai® collapsing of the

target cell , and, therefore, the cell destruc{i®icklin D et al. 2010).

Complement activation is &ascade sequentially activating the various
complementary components that circulate in an imadorm. There are three
distinct pathways of complement activation: thassical pathway, which is
stimulated by the binding of antibodies to the pgtn surface;, théectin
pathway and thelternative pathway. Pathways converge in the formation of
an enzyme, th€3 convertase, which cleaves the complement component C3
into C3b and C3a. Several proteins on normal heks$ ehibit complement
activation and this event minimizes the harmfukeffthat the complement
could have against self (cells, tissues and orgafis¢ CD55 and CD59
proteins are involved in regulating complementwation. They are linked to
cell membraneia a GPI anchor. Therefore, CD55 and CD59 are def=ati
the cells derived from haematopoietic stem cellfryiag a mutation
inactivating the PIG-A gene.

The two pathways;lassical andalternative, convey to the formation of two
different complexes, C4b-C2b and C3b-Bb, but withidentical function: to
cleave C3 into two fragments, C3a and C3b, andrtd to C3b constituting
the C5 convertase. C5 convertase cleave the C5 into two fragments, Cha
which remains in solution by carrying out importafinctions pro-
inflammatory and C5b that binds to the cell membrafhe remaining
components of the complement cascade (C6, C7, (&, devoid of
enzymatics activity, bind to the cell membraneiséhe lipid layer of the cell
wall. The last component of the cascade, the COhmaability to polymerize
at the point where it is inserted by forming ponmeshe cell membrane of
about 100A°. Through the pores produced by themehzation of C9, the
water and the ions have free access to the indidieeocell by determining
first the colloid-osmotic collapsing and then lysiie molecule GPI-linked
CD59 or MIRL is able to regulate the formation oA

Traditionally, the complement system has been dened as a first line of
defense against microorganisms, able to contaiilgagrowth, in order to
give time adaptive immunity to act appropriateliertizing the infectious
outbreak. The current acquisitions highlighted tihat complement is able to
orchestrate the immune response as a whole, ertpnth activities far
beyond the simple elimination of the pathogen. éujethe complement
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system participates to several process as, th@esméintibody complexes
elimination , angiogenic processes regulation ,ithematopoietic precursors
mobilization, the lipid metabolism modulation aslwas the modulation of
the adaptive response both humoral and cell-metliate

A new therapeutic approach for patients with PNMolnes the use of the
humanized monoclonal antibody Eculizumab, produnedecombinant DNA
technology. Eculizumab is an anti-C5 and therebdoeks the cleavage of C5
into C5a and C5b, preventing the formation of #meninal complex C5-9 on
GPT cells devoid of CD55 and CD59, insensitive to coenpént-dependent
lysis.

Considering its large size is neither eliminatedrdayal filtration or urine, but
it breaks down into small peptides and amino abidysosomal enzymes.

In the evaluation of the effectiveness, severalicdl studies have shown that
this therapy reduces or eliminates the need forsftsion and determines a
significant improvement in quality of life in PNHapents (Risitano et al.
2010).

Given the extremely broad role that the complenpdangs in the regulation of
physiological status, a study of the effects of heerapeutic block of
complement is of great importance.

Complement functions are not limited to amplificati of inflammatory
process, it also acts in the apoptotic cells reavanhibiting fibrinolysis, in
regulating B and T lymphocytes interactions andedentiation (Ricklin et al.
2010).

In this context, we examined the effect of Eculialmtreatment on innate and
adaptive immune effectors in a cohort of 34 PNHeoas also investigating

whether complement inhibition might interfere witte selection/expansion of
the GPI-defective haematopoiesis. (Alfinito et2il12)

Myelodysplastic syndromes (MDS)

Myelodysplastic Syndromes (MDS) are clonal haemaigr disorders
characterised by ineffective haematopoiesis accammga by
expansion/dominance of dysplastic haematopoietioned and frequent
development of Acute Myeloid Leukaemia (Heaney &uide 1999). They are
a heterogeneous group of diseases mainly chasedefdy an active but
ineffective, often clonal haematopoiesis. Periphbl@od cytopenias combined
with dysplastic changes in a hyper-cellular boneravarepresent the hallmarks
of MDS (Corey et al. 2007). In this regard, theseaivery significant clinical
variability in MDS.

The presence of normal polyclonal precursors ablen&turatein vitro is
accompanied by the emergence of the dysplasticlagiopu. Aetiology of MDS
is still unclear. Genetic changes have been sugdeki cause stem cell
alteration with perturbation of the multistep prsses involved in the control of
cell proliferation, differentiation and apoptosmsluction.
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Moreover the growth advantage of the dysplasticterof clonal
haematopoiesis, could be hypothesised to be alpendent on damaging
mechanisms preferentially affecting the normal ¢erpart in the bone marrow
microenvironment.

Stem cell defects, cellular and cytokine-mediatébnsal lesions and
immune-mediated mechanisms have been suggeste@ tovblved in the
pathogenesis of MDS and in their clinical evolutidtultiple parameters like
chromosomal changes, bone marrow blast cells nurabérthe presence of
multiple cytopenias appear to be useful in predictithe survival and
transformation rate in MDS patients.

The possible relevance of immune-dependent meahanigor the
selection/shaping of the dysplastic stem precuisorMDS needs to be
addressed.

A number of data have been suggesting that immepesttient mechanisms
are relevant for the selection, expansion and dante of dysplastic clone/s, at
least in a subgroup of MDS patients (Stern et 8072 Sloand et al. 2008;
Ruggiero et al. 2009). Aberrantly activated, likelyto-reactive, oligoclonal T
cell populations have been suggested to supprégsi@mal haematopoiesis by
direct damage of stem progenitors as well as bgaséhg cytokines (IFN;
TNF-a) and other factors inducing extensive apoptotgpoase in stem cells
and progenitors. Thus, it is possible to hypotleegtsat, in such group of
patients, a defect in tolerance control could bevent in the selection of
pathological clones and in fostering their leukaepriogression.

Several trials of immune-suppressive therapy haaenlperformed in the
last ten years, based on the evidence concernamgnttolvement of immune-
mediated events in MDS pathogenesis. Majority adnthemployed anti-T
lymphocyte sera (ATG) with or without CyclosporiAe Response rate varied
widely (0-66%), rarely exceeding 30%. Younger dgey Risk group of IPSS
classification and presence of the HLA-DR15 allelere proposed as useful
criteria to predict clinical response to immunefagssion in MDS (Sloand et al.
2008). Identification of the mechanisms underlying immune-mediated MDS
pathogenesis is expected to be of critical relegancpropose new biological
targets for innovative immune modulating approachédDS.

Characteristics, Classification criteria and Therapeutic approach in MDS
In order to classify MDS patients the French AmamidBritish Group
(FAB) has suggested criteria that takes accoutheflifferent morphological
features found in the periphery and the BM. Thisugr proposed the division
into five subgroups of the disease: refractory amewith ring sideroblasts
(RARS); refractory anemia with excess blasts (RAER0% marrow blasts);
refractory anemia with excess blasts in transfoon#RAEB-t; 21-30%
marrow blasts); chronic myelomonocytic leukemia (@LN).
The grading of MDS is defined by the WHO classtiiza 2008 that includes
five groups nosographical also characterized by ifferdnt prognosis:
refractory cytopenia with unilineage dysplasia (RQUrefractory anemia
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with ring sideroblasts (RARS); refractory cytopemveith multilineage
dysplasia (RCMD) with or without ring sideroblastefractory anemia with
excess blasts (RAEB 1-2; 5-20% marrow blasts); odgdlastic syndromes-
unclassified (MDS-U); MDS associated with isolatkl(5q).

A proper assessment of the probability of leukeeviclution can be obtained
by calculating the IPSS which is a "prognostic stdrased on three variables
(number of marrow blasts, cytogenetic abnormalitiesnber of cytopenias);
this assessment allows splitting the MDS in fosgk rcategories (low, int-1,
int-2, high) (Malcovati et al. 2007; Garcia-Mane2612). Recently a more
detailed classification of recurrent cytogenetio@inalities in MDS has led
to the redefinition of "prognostic score” (RIPS&)yrently it recognizes five
categories of risk (very low, low, intermediateglni very high) in which are
also better defined the "cut off" for the evaluataf cytopenias.

The therapy is based on the index of risk and densitwo groups of
patients: those with low risk (low and Intl) anddk at high risk (Int2 and
high). In the first group the therapeutic aim is torrection of cytopenias: the
increase of the cell number is achieved throughugee of erythropoietin and
when you lose the effect of the cytokine by regul@nsfusion therapy;
currently the use of growth factors for granulosytnd platelets is not yet
allowed, thus it is recommended a careful prophglagainst infectious for
neutropenia and appropriate supportive treatmenmt tfimombocytopenia.
Patients with 5g-syndrome represent a separatgagtdecause they show
good response to lenalidomide, an immune-modulaaggnt. Immuno-
suppressive therapy with anti-lymphocyte serum @ndfyclosporine is
reserved for those cases where it is most obviceisotcurrence of a
autoimmune noxa (young patients with MDS hypoptastHLA-DR15
positive). In patients in the high risk group theerapeutic goal is the
elimination or containment of the dysplastic clorierapies are: the
allogeneic bone marrow transplantation (only inigras under the age of
sixty years, with family donor), methylating ageatsd cell growth inhibitors
(Fenaux et al. 2009).

Pathogenic _mechanisms in PNH and MDS: the immune-m&ted
hypothesis

Different data suggest that common pathogenic nmesimes can underlie
hematopoietic disorders characterized by emergemo@ dominance of
defective or dysplastic clones, as PNH and MDS.
In this regard, the pathogenic role of an immunelated attack directed
against autologous hematopoietic stem cells andbone marrow
mesenchymal elements has been suggested. Thisk,attasulting in
destruction of physiological polyclonal haematop@ge could exercise a
significant selective pressure for the emergenceresistant clones, also
fostering their leukaemia progression. The reseteam | joined in order to
develop my PhD project has been investigating $siyglothesis.
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Main results obtained by our research Team: the Hemtopoiesis disorder
model

Regarding the PNH model, data obtained by our g{d@prazzano et al.
2005) have shown that clonal expansion of GPI-defecprecursors is
accompanied by an altered GPI+ T lymphocyte copatérindeed, the GPI+
T lymphocytes show clear signs of hyperactivityhagignificant functional
persistence of CD154 after TCR triggering. Suclatitude, already observed
in autoimmune diseases, as Systemic Lupus Erytlomust(Koshy et al.
1996) suggests that dysregulation of immune-mediiatechanisms, able to
control the self-reactive response, is relevanttierexpansion and dominance
of the GPI- defective clones in PNH (Terrazzanal e2005).

These observations were further confirmed by thelystof HLA gene
expression, widely considered as an important fdotosusceptibility to auto-
immune diseases (Spurkland and Sollid 2006). Thpotmesis is that certain
HLA alleles are able to preferentially bind pepsd¥erived from autologous
proteins, allowing their T cell recognition. In shicontext, our studies
(Lombardi et al. 2008) have shown, in PNH patieatsignificant increase in
the frequency of alleles of class | A*0201 (p<0,0B¥1402 (p<0.001) and
Cw*0802 (p<0.005), the alleles of class Il DRB1*15(p<0.01) and
DRB1*01 (p<0.05) and an increase of more than foues of the frequency
of the Class | haplotype B*1402, Cw*0802 (p<0.0Q0&nd fifteen times of
the ancestral Mediterranean haplotype A*33, B*140&2*0802, DRB1*0102,
DQB1*0501 (p<0.005). These data suggest the presenic multiple
associations that engage both T helper cells (&gswt with class Il alleles
DRB1*1501 and DRB1*01), as well as cytotoxic T ceitesentation
(association with alleles of class | A*33, B*14@y*0802).

NK cells are critical components of innate immuresponse. The
possibility that NK cells might directly participain PNH pathogenesis has
been proposed, but it is still controversial. Irtle was suggested that the
inability by GPI cells to express (GPI-linked) stress-related mdéscmight
protect the PNH progenitors from NK effectors raatign, raising the
question of the mechanisms underlying the intenddpece of T and NK-
mediated selection of GPI-defective clone(s) (Ltzzaet al. 1997;
Karadimitris et al. 2000; Gargiulo et al. 2007; fBezano et al. 2005; Poggi et
al. 2005).

NK activity is dependent on dynamic balance betweehvating and
inhibiting signals. A key component of such regoitgitnetwork is represented
by KIR. KIR genes are highly polymorphic, with intlual genes exhibiting
allelic variability and individual haplotypes diffag in gene content.
Combination of KIR and HLA genes has been assatmaith autoimmunity,
viral infections, reproductive failure and cancer.

A number of data indicate that NK cells can drigeape and regulate
adaptive immune compartment. In a study (Coseatiai. 2012) done by our
group has been investigated the frequency of KiRegeand of their known
human leukocyte antigen (HLA) ligands in 53 PNHidta patients (almost
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the half of all the Italian PNH patient populatiohe results showed an
increased frequency of genotypes characterized2bgctivating KIR and by

the presence of an inhibitory/activating gene rafcs. In addition, a better
match between KIR-3DL1 and its ligand HLA-Bw4 haseh found. These
genotypes may be associated with a lower NK-depen@eognition of self

molecules related to stress. This is conceivablth \ihhe hypothesis that
increased availability of specific molecular taggetot eliminated by NK cells,
for T cell effectors could be involved in the pagleoesis of PNH.

In MDS model, the study also focused on the hymthéhat immune-
mediated mechanisms may be pathogenetically rei¢ggathe expansion and
dominance of dysplastic clones being MDS. For thigpose, were recruited
50 MDS patients, classified according to WHO an8SReriteria in Low Risk
(N = 27, Int-1 Risk (N = 16, Int-2-High Risk (N 3,7and 12 healthy donors.
The study allowed us to:

A. To identify a single clinical case, in which dyguéation of the NK
response was related to the selection and progres$ia myeloid dysplastic
clone characterized by a severe deficiency in #pFession of the molecule
HLA-E, a critical element in regulating the cytotodNK response (Ruggiero
et al. 2009) In this patient, NK effectors, whickpeessed high levels of the
receptor CD94/NKG2C (an activating receptor recoigig HLA-E) were able
to lyse PMNSs, but not autologous monocytes (bofeawe for HLA-E) due
to highe expression of HLA Class | molecules onpthstic monocytes.

B. To identify subgroups of MDS patients, in stagevLRisk and Int-1 Risk,
in which a peculiar immune profile was correlateithvthe intensity of bone
marrow impairment of polyclonal physiological emgld compartment
(Alfinito et al. 2010). Indeed, the analysis of tpatient cohort allowed the
identification of a subgroup of MDS patients chaeazed by low Treg levels
and high CD54 expression on the COBpopulation in Bone Marrw (BM). In
these patients the pathogeneic relevance of immediated mechanisms
might be inferred. In the later stages of the disg#he leukemic progression
was observed to result in an increase of Treg oel&M, likely able to inhibit
anti-tumor cytotoxic response. In this context, theasurement of the levels
of Treg in BM could represent, in groups Low Risiddnt-1 Risk patients, a
useful addition to the pathogenetic classificatibthe patients. Moreover, the
possibility that the criteria described by us camtdbute to the selection of
sub-groups of patients likely susceptible to immuradulating therapies
represents an intriguing experimental hypothesis.

Infectious Disease Model:Leishmania _infantum natural infection and
immune profile of infected host

Canine Leishmaniosis (CL) is a zoonotic diseasemilly fatal to humans
and very common in dogs that are the main reseofdimfection for humans.
CL is caused by the protozoan paraslieishmania infantum in the
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Mediterranean area (Baneth et al. 2008) and isllystnansmitted by blood-
feeding phlebotomine. Several immune responseschmdal manifestations
have been described in CL (Ciaramella et al. 198¥V}his regard, clinical
appearance and evolution of leishmaniosis appedretthe consequence of
complex interactions between the parasite and bibih genetic and
immunological backgrounds of host animals (Bandtlale 2008; Maia and
Campino, 2011).

Several studies pointed out that lymphocyte lenedick dogs is decreased
but returns to normal values after treatment (Moreh al., 1999; Guarga et
al.,2002; Guerra et al., 2009); an increased numb€D4T cells in dogs with
low parasitism (Reis et al., 2006) has been al$erred. Furthermore, the
number of CDA T cells in peripheral blood was observed to bdlamn dogs
with leishmaniasis and in healthy dogs while th&es no correlation between
the clinical status or response to therapy and ‘CDéell counts (Miranda et al.
2007). The results obtained highlight the complegitthe immune response to
L. infantum infection.

Control of the immune response in human and muerghmaniasis has
been observed to largely depend on the productianterleukin-10 (IL-10),
which can come from several different cell typesy& and Scott, 2011n
human visceral leishmaniasis (VL) reports on thegfiency and function of
Tregs are not conclusive. Recently, Maurya et 2010) reported that active
CL is not associated with increased frequenciepevipheral Foxp3 Treg or
accumulation at the site of infection. In veterinaredicine, Tregs have been
observed to significantly increase in dog tumourdeis (Biller et al., 2007;
Houriuchi et al., 2009; O’Neill et al., 2009; Risteeet al., 2010). Few studies
addressed the level of regulatory cytokines intgdile10 (IL-10) and the
transforming growth factor beta (TG-(Strauss-Ayali et al., 2007; Boggiatto
et al.,, 2010) in CL. The study of Treg involvemémtthe regulation of dog
immune-response against Leishmania needs furthestigation. Indeed, IL-
10 producing regulatory T cell subsets have beetrteed to be relevant in
the early phase of visceral leishmaniasis in mommelel of L. infantum
infection (Rodrigues et al., 2009), while a redoistin lymphnode Treg was
described to significantly correlate with immuneotection consequent to
Leishmune vaccination (de Lima et al., 2010).

Different treatment protocols and prognoses hawentmiggested for the
clinical stages of CL (Solano-Gallego et al., 200Bhe combination of N-
methylglucamine antimoniate (75—-100 mg/kg/SID oi780mg/kg/BID) for 4—
8 weeks, S.C. with allopurinol (10 mg/kg/BID) isnsidered as the most
effective therapy and constitutes the first lin@tpcol against the disease.
Therapy with allopurinol alone should be continded6 months (Miro et al.,
2009) or for one year, as currently recommendeth(®eGallego et al., 2009;
Torres et al., 2011; Paradies et al., 2012). Tkeaation of Miltefosine with
allopurinol and Amphotericin B represents the secand the third lines in CL
therapy (Solano-Gallego et al., 2009). Clinicalpmsse varies from poor to
good, depending on the animal’'s overall initialndal status and on its
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individual response to therapy. Dogs with renauffisiency could manifest a
lower recovery rate in comparison to the animakheut kidney impairment or
with mild proteinuria. Therapy with anti-leishmasi® drugs often leads to
clinical recover (Noli and Auxilia, 2005), althougieated dogs may continue
to harbour the parasite (Ribeiro et al., 2008; M@alvez, Fraile, Descalzo, &
Molina, 2011). Majority of sick dogs obtain clinicamelioration within the
first month of therapy (Pennisi et al., 2005). T¢imical parameters to be
monitored during treatment depend on the individatahormalities (Solano-
Gallego et al., 2009).

The critical relevance of host immune response linoGtcome has been
largely demonstrated (Baneth, Koutinas, Solanoggall Bourdeau, & Ferrer,
2008; Reis et al., 2009; Solano-Gallego et al.,9208exandre-Pires et al.,
2010; Coura-Vital et al, 2011). The involvement Bifegs is of critical
relevance in the presence of infectious agentsllysassociated with chronic
diseases, as in CLOccurrence of Treg modulation represents an useful
mechanism to optimise immune response against nfeetion, since Treg
regulate the recruitment and activation of immuffiectors (Sakaguchi, 2005).
During CL, Treg activity could hamper inflammatamgsponses required for
infection clearance. This occurrence exacerbatesrik that the unbridled
parasite growth could lead to a severe disease.eleny Treg recruitment is
necessary to prevent the onset of severe immunéateddmechanisms in
infected tissues, particularly for the presencawtbimmune processes highly
frequent in CL (Kharazmi et al. 1982; Ferrer, 1992rrazzano et al., 2006;
Solano-Gallego et al., 2009; Cortese et al., 2000D2911).

It is worth noting that the unbalanced diet and naaition represent
primary causes of immune suppression and has beemwrdstrated to be a
major risk factor for the development of viscemishmaniosis in human and
animal models (Anstead et al., 2001; Malafaia, 2008rrillo et al., 2014;
Mengesha et al., 2014). Energetic/metabolic stétas been described to
regulate immune response and immune tolerancerrahwand animal models
(Matarese et al. 2005; Gerriets & Rathmell, 20R2ixthermore, the pathways
that control immune cell function and metabolisne atimately linked and
this relationship might intriguingly provide newategies to modulate immune
functions in several infectious diseases.

In this regard, the role of some biological prinegp(mainly derived from
plants), referred as “nutraceuticals”, in modulgtithe immune system
homeostasis (Andlauer & Furst, 2002) needs to besingatedin this context,
Cucumis melo, Aloe vera, Punica granatum, Piper nigrum, Camellia sinensis,
Ascophyllum nodosum, Grifola frondosa, Glycine max, Echinacea purpurea,
Poligonum spp, Carica papaya and Curcuma longa have been described to
mediate several immune-modulating effects (Mujumedaal. 1990; Barak et al.
2002; Inoue et al. 2002; Kodama et al. 2002; Ba2@d3; Lee et al. 2008; Butt
and Sultan, 2009; Dhasarathan et al. 2010; Lid.204.0; Buttle et al. 2011,
Kim et al. 2011; Sakarkar and Deshmukh 2011; Haddexl. 2012; Kim et al.
2013; Senthikumara et al. 2013). Anti-oxidant prtipe have been described
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for Cucumis melo, Carica papaya and Curcuma longa, astaxanthin from
Haematococcus pluvialis as well as for poly-unsaturated fatty acids detive
from fish oil. Piper nigrum, polyphenols fromCamellia sinensis, pB-glucans
from Grifola frondosa and Glicine max extract have been associated with the
modulation of inflammatory pathways (Devasagayamd &wuinins 2002;
Vouldoukis et al. 2004a,b; Galli and Calder, 20@Hrros et al. 2012).
Punicalagin, the most important active substanaetagoed in the fruit of
Punica granatum, exerts an immune suppressant activity (Lee e2@08).
Poligonum cuspidatum extract, source of Resveratrol, in humans induaed
significant reduction in the generation of reactbwygen species and can
suppress plasma concentrations of pro inflammdemtors like TNFe, IL-6,
and C-reactive protein (Ghanim et al. 2010).

In order to investigate the immune regulatory neksoinvolved in CL
control, we focused the immune profile of dogs raty infected bylL.
infantum. In particular, lymphocyte T cell subsets, perihdreg levels and
the presence of pro-inflammatory T cells have lessessed, in a cohort of 45
Leishmania infected dogs (LD), compared with 30/ag& matched healthy
animals, by using immune fluorescence and flow rogtry detection. In this
study, Leishmaniotic dogs have been categorisedrdicg to their clinical-
pathological status and their serological anti ggeteishmania antibody titer.

Subsequently, we focused on the potential immundehating activities
of specific nutraceutical pet food containing anflammatory and anti-
oxidant nutrients, described above. In this studgs analyzed the immune
profile of a cohort of 40 Leishmania infected dag=sated with conventional
therapy associated with standard diet (20 animadsa diet enriched with
essential fatty acids and nutraceuticals with deedr immuno-
stimulatory/antioxidants characteristics, mainlyided from medicinal plants
(20 animals). A cohort of 20 healthy animals age/seatched with the
infected dogs has been also included in the studyantrol population.
(manuscript submitted for publication).

T Ilymphocyte activation and Super Oxide Dismutase JOD)1
involvement: ROS and adaptive immune response regation

T lymphocytes play a critical role in the orchestma of both the immune
response and immune tolerance. Their activati@andasmplex phenomenon in
which intracellular signals mediated by the TCRagement are integrated by
accessory signals able to finely tune antigen-deentriggering. In this
context, TCR-mediated signalling is a critical evvim proper channelling the
immune response and to obtain pathogen controlsatidolerance (Fraser |
D and Germain R N 2009). Several studies have stggehat the production
of small amounts of Reactive Oxygen Species (RO®yacterizes many
receptor systems of human cells. In this contexdRidependent T cells
activation has been associated with the produdfdROS. This phenomenon
involves several enzymatic sources as the mitoataincespiratory chain
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(Sena et al. 2013), lipooxygenases, NADPH oxida®XRand DUOX1 (Los
et al. 1995; Jackson et al. 2004).

TCR stimulation generates both ,® and superoxide anion and
antioxidant enzymes specific for .8, enhance and/or prolong TCR-
dependent ERK activation (Jackson et al. 2004; Deva&t al. 2002). ROS are
highly reactive chemical species with a very shitet for example HO, (1
minute half-life). They are constituted by an atasth an unpaired electron
which makes the extremely reactive radical, as ldapaf binding to other
radicals or subtract an electron to other neighmgpmolecules. ROS include
superoxide oxygen (£, hydrogen peroxide (#D.), hydroxyl radical and
peroxides. Generally ROS production in mammalidfs ¢ associated with
the presence of metabolic products or apoptoticadsy In some cells of the
innate immunity ROS produced by NADPH oxidase (NQOafe used in the
defense against pathogens.

Recent studies have shown that the ROS generatiabieivant for a series
of physiological systems, interactions receptoafig such as TGB-
(Thannickal et al. 2000), insulin (Mahadev et @02), angiotensin (Ushio-
Fukai et al. 1998) and EGF (Bae et al. 1997). RO@@&étion has proved
essential to optimize the signal transduction pagsiby acting as a second
messenger regulating several crucial cellular nrese®, as protein kinase
activation, gene expression and cell proliferaapaptosis rate (Burdon 1996).

Ros are able to cause cellular damage of variousejan fact, may act on
the fatty acids, on proteins and nucleic acids.d@xwe damage is controlled
by a series of enzymatic mechanisssavenger capable of interfering with
the mechanisms of the cascade of reactions adfivgt¢he radicals:

0 superoxide dismutasewhich converts superoxide anion into hydrogen
peroxide and molecular oxygen

o0 catalasewhich converts the hydrogen peroxide into watet arolecular
oxygen

o glutathione peroxidase which eliminates peroxides at the expense of
glutathione.

Superoxide dismutase molecules belongs to a langdyf of isoenzymes
oxido-reductases. The type of metal which binds S@dntifies the different
enzymatic forms. The form is constituted by theyeme cytosolic SOD bound
to copper (Cu) and zinc (Zn) and is known as SC8QD-1 is a homodimer
of molecular weight 32,500 Da, in which the subtsinare linked via
hydrophobic interactions and electrostatic while tvo cofactors are linked
to de side chains. The Mn SOD (SOD-2) is localia¢dthe level of the
mitochondrial matrix; tetrameric Cu,Zn SOD (SOD-3% localized
extracellularly.

ROS production has been observed to be involvethenphysiological
regulation of antigen-dependent signal transductiéh light of this, the
availability of SOD-1, that is able to modulate asalic superoxide and
peroxide level could behave as a possible adjugtinerspecific targeting of
proliferation and/or apoptosis in immune effectors.
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SOD-1 may be relased in vitro by fibroblasts, hepges (Mondola et al.
1996), human neuroblastoma cells (Mondola et a@81%nd Sertoli cells
(Mruk et al. 1998). The extracellular release othsenzyme is related to
specific stress conditions (Ookawara et al. 1988/Golgi involvement in
SOD-1 secretion has been described (Turner etQfl5;2Urushitani et al.
2006; 2008), while it is unclear how this cytosgotein con be targeted into
the ER/Golgi network.

Studies conducted by our research group showedSB&tl plays a key
role in mediating the response to oxidative stregwimary lymphoid organs
such as the thymus, where were detected signifitewels of SOD-1
especially in medullary area, critical for the st@ilen of T lymphocyte
repertoire (Cimini et al. 2002). In the study of020was also detected the
ability of human epithelial thymic cells of releagi the SOD1 by a
mechanism of active secretion, in response to stiless represented by the
deprivation of nutrients. Further, the group hasuged on the possibility that
SOD-1 may be involved in paracrine control of oxia stress in other
human biological systems particularly susceptiblexidative damage, such
as neurons. In the work of 2003, it has been ckeniaed SOD-1 role in the
neuronal secretion mechanism, using the human hkwstoma cell line SK-
N-BE. The data obtained have revealed that the $0B-secreted by a
microvesicular pathway sensitive to pharmacologitatk from Brefeldin-A,
2-deoxy-D-glucose and sodium azide. Thus, the SO&edéretion could
represent a significant phenomenon for the neurorahtenance, probably
able to influence the excitability of cells extrdgneensitive to perturbations
(Mondola et al. 2003).

In order to highlight a possible paracrine roleS8D-1, (Mondola et al.
2004) the ability of the enzyme to directly intege with human
neuroblastoma cell line SK-N-BE has been analyBatha indicate that SOD-
1 may interact specifically with the membrane of-SKBE cells, mobilizing
intracellular calcium and protein kinase C (PKCheTSOD-1 activity seems
to depend to phospholipase C (PLC) pathway, sineeffects are sensitive to
block by U73122, a specific inhibitor of PLC. Somegperimental data
indicate that SOD-1 is not constitutively expressedact, in the cell line SK-
N-BE derived from neuroblastoma, it is possiblelbserve the increase of the
intracellular SOD-1, after exposure to oxidativess.

Taken in all, these results suggest the involven®@niSOD-1 in the
regulation of complex biological events. The podisyithat the enzyme might
be involved in multiple regulatory pathways invelgi adaptive immune
response and its functional effectiveness needsetmvestigated in different
physiological and pathological models.

30



AIMS

The aim of this work is to investigate whether immatiolerance
dysregulation might be involved in the pathogenesis haematopoiesis
disorders and in the immune-pathological effectssequent to chronic natural
infections. The mechanisms underlying such involeetrand the possibility to
specifically modulate such effects by targeting um@-metabolic pathways
and ROS production has been also addressed.

The first model allowed us to identify some immumediated mechanisms
underlying emergence, expansion and dominance othojomical
haematopoietic precursors in PNH and MDS patients.

In this model we are proposing that specific atterss of immune profile
in BM could identify a subgroup of MDS patients which an immune-
mediated pathogenesis of the disease might beradfeindeed, low Treg
levels and high expression of CD54 on CD8 effectorsBM has been
consistently associated with the selection of dysit precursors expressing
low level of MHC Class | molecules, the key recaigm element for cytotoxic
T cells.

In addiction, in selected patients the expansiohigfeffectors expressing
high levels of NKG2C receptors has been associattil the selection of
dysplastic precursor lacking HLA-E expression.

The above described studies indicate the key rbléreg population for
immune tolerance control in MDS model as well tlisgble involvement of
polyclonal NK expansion in some specific conditions

A number of studies has been suggesting that mTRMalian Rrget ¢
Rapamicine), a key sensor of nutrient availability ithe extra-cellular
microenvironment, plays a major role in orchestgtiimmune cell
differentiation and haematopoietic Proliferationi€xecence transition. A
specific involvement of mTOR-dependent mechanismghe expansion of
Treg population has been also largely demonstrgtattaglia et al. 2012;
Procaccini et al. 2010). The possibility to speaifiy target such pathways by
metabolic (diet) and/or pharmacological approadhes been also addressed
taking advantage from a chronic infection modelregpnted byt eishmania
Infantum natural infection in dogs, usually complicatedthg occurrence of
autoimmune platelet deficiency.

The immune response regulation includes the alifityntegrate signals.
This integration is physiologically exerted by theailability of accessory
molecules capable of finely tune the plasticity Toflymphocytes response.
Superoxide dismutase (SOD) belongs to a familysoemnzymes involved in
the scavenging of oxygen radicals to hydrogen pdeot,0,) and molecular
oxygen. TCR stimulation has been observed to gemeedanced production of
H.O, and superoxide anion. In this context, the possiblolvement of
cytosolic SOD-1 in intracellular signalling networgulating TCR-dependent
immune response in both physiological and patholgettings (Terrazzano,
Rubino et al. 2014) might be hypothesized. Theipdgg that SOD1 targeting
might allow specific modulation of T cell responseds further investigation.
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MATERIALS AND METHODS

Paroxysmal Nocturnal Haemoglobinuria (PNH)

Patients

The study was conducted in 34 Italian PNH patieBisgnosis was made
according to International PNH Interest Group Cuigt€Parker et al. 2005). All
patients showed primary haemolytic PNH with a lar@d®I-defective
granulocyte population (CD66b— and/or CD59- graoyles >50%). No
patients showing bone marrow failure with emergeatd’NH clones (i.e.
Aplastic Anaemia/PNH syndrome or Hypoplastic PNHrevenrolled in the
study (Brodsky 2008). Notably, some of the patientye on Eculizumab
treatment for more than 48 months. Biological sa&amplvere collected by
venipuncture according to standard procedures aed within the 3 h from
the collection. Informed consent was obtained ircoatance with the
Declaration of Helsinki, as approved within the dstuprotocol by the
Institutional Review Board at the Federico Il Unsigy of Naples. Patients
were studied at diagnosis, before any treatmenaffiem were retested after
at least six months of Eculizumab therapy; 14 pédievere tested at least three
times before and after Eculizumab treatment. NdnBNH patients received
Immune-suppressive therapies or other treatmertenpally interfering with
immune responses.

Immunofluorescence and flow cytometry

Blood samples from patients and controls were aealy by

immunofluorescence and flow cytometry by using a tiaser equipped
FACScalibur apparatus and the CellQuest analysifwae (Becton

Dickinson). FITC, PE, Cychrome and APC labelled mAtgainst CD3, CD4,
CD25, FoxP3, CD45, CD8, CD16, CD56, NKTi, CD19, @DZD45 and

isotype-matched controls were purchased from Bebiokinson PharMingen,
San Jose, CA. All phenotypes referred to flow cybm analysis of the
lymphocyte population gated by using FSC and SS@npeters, as well as
CD45 labelling. We choose to evaluate T, B, NK, Nliid Treg populations.

Statistical analysis

Statistical evaluation of data, by using softwar8tat 3.0 (GraphPad Software
Inc., San Diego, CA, USA), has been performed byamseof the Mann-
Whitney test. Comparisons in the paired sample® werluated by means of
the Wilcoxon matched-pairs signed-rank test. Twaegip values of less than
0.05 were considered to indicate statistical sigaifce and were not adjusted
for multiple testing.

MyeloDysplastic Syndromes (MDS)

Patients and controls

We examined whole BM and peripheral blood (PB) spens of 30 MDS
patients belonging to Low Risk and Int-1 Risk greuBM and PB sample
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collection, haematological investigation, cytogérset were performed
according to the WHO recommendations and IPSS q€areenberg Fet al.
1997; Malcovati L et al. 2005). 17 patients belahge Low Risk Group (4
refractory anaemia, RA, 8 refractory cytopenia witliltilineage dysplasia,
RCMD, 2 refractory neutropenia, RN, 3 refractorgothbocytopenia, RT), and
13 to Intermediate-1 (Int-1) Risk Group (2 RA, 8RB, 3 RN). BM and PB
samples from MDS patients were obtained during imeutdiagnostic
procedures. Informed consent was obtained from gatitidual patient. Local
Ethical Committee approved the study. None of #gepts has been receiving
medical treatments that could have an impact oir th@mune condition.
Patients were devoid of immune-mediated diseasdsaante or chronic viral
infections to avoid any interference on immuneratnry mechanisms. A
group of 26 healthy blood donors were recruitedhim study as controls. All
the MDS patients were clustered in two sub-groggsording to their BM
Treg levels and CD54 expression on BM CTL, as dlesdr(Alfinito F et al.
2010). Briefly, 14 MDS patients showing a Treg pettage in BM> 2% of the
lymphocyte population or a ratio <10 between theamiatensity fluorescence
(MIF) for CD54 on BM CD8 T cells and the control MValue, obtained after
staining of the same cell population with the ipatycontrol mAb, were
considered with normal immune profile (NIP). At iarce, 16 MDS patients
showing a Treg percentage in BM<2% of the lymphecgbopulation or a
ratic>10 between the mean intensity fluorescence (MIFCi054 on BM CD8
T cells and the control MIF value obtained aftemirshg of the same cell
population with the isotype control mAb, were calesed with altered immune
profile (AIP).

mADb, immunofluorescence, and flow cytometry

FITC, PE, Cychrome and APC labelled mAb against OQ0B4, CD8, CD56,
CD19, CD10, CD25, CD45, CD54 and isotype-matcheatrots were
purchased from BD PharMingen (San Jose, CA). Biltoelled HLA-E mAb
clone MEM-E/07, FITC labelled MHC-I mAb clone W6/3hd PE labelled
avidin, were purchased from Sigma—Aldrich, Milataly. To analyse Foxp3
expression, intracellular staining was performed dni-human Foxp3 kit
(eBioscience San Diego, USA), following the mantdaer’'s instructions.
Treg subset was identified as the high CD25 exprgs<D4+CD3+
population appearing as a tail, with a slightly leproducible lower CD4
expression, distinct from the major CD4 populatommtaining both the CD25
low and negative cells (Alfinito F. et al., 2010hese cells were observed to
express Foxp3 at a percentage >98%, as descriliiaittAF. et al., 2010). All
phenotypes referred to flow cytometry analysishe tymphocyte population
gated by using forward scatter (FSC) and Side &céBSC) parameters, as
well as CDA45 labelling. Flow cytometry and datalgsia were performed by a
two laser equipped FACScalibur apparatus and CebQsoftware (Becton
Dickinson).
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Statistical analysis

BM and PB values were compared in the paired samipjemeans of the
Wilcox on matched-pairs signed-rank test. Compasdmetween MDS patients
and controls were performed by Mann—Whitney teke Gorrected p value dp
was calculated by applying Bonferroni adjustmentiailtiple comparisons.

Case report
An 85-year-old man presented with thrombocytopewtagse first record was

referred to few months before. Hb was 12.9 g/dL,\M&Zfl, white blood cell

count 4.4 X 1&L with 0.15 X 10/L neutrophils, 0.096 X L monocytes,

and 0.166 X 1YL lymphocytes. PMN appeared hypogranular and mygtesc

highly dysmorphic. Platelet count was 80 X°10 BM aspirate was
characterized by good cellularity with erythroiddagranulocytic dysplasia,
numerous micromegakaryocyte and 5% of blast cdlatient received
diagnosis of refractory cytopenia with multilineaggsplasia according to
WHO classification (Mufti GJ et al. 2004). Microogis was due to beta
thalassemia, and no organomegaly was present.nPai®wed a normal
karyotype (46,XY). Patient has been not receivingdiwal treatment, which
may impact his immune response. Informed consest otdained from the
patient and the controls.

mAD, immune fluorescence and flow cytometry

Anti-CD3, -CD8, -CD4, -CD54, -CD25, -CD56, -CD14CDB45, -CD33,-
CD127, -p140 (Q66 clone) and isotypematched labetedtrols mAbs
(Becton-Dickinson, Los Angeles, CA, USA), anti-HUAW®6/32 clone) mAb
(SIGMA, Milan, Italy), anti-HLA-E mAb (MEM-E/O8 cloe) (Immunological
Sciences, Rome, ltaly); anti-CD158el/e2 (p58.1/2244 (2B4), -CD335
(NKp46), -CD337 (NKp30), anti-NKG2A (Z199), -Vb14Vb12, -Vb7.2, -
Vb20, -Vb18, -Vb7.1, -Vb22, -Vb13.2, -Vbl, -Vb1A/b5.3, -Vb5.1 -Vb23, -
Vb4, -Vb2, -Vb13.1, -Vb5.2, -Vb8, -Vb9, -Vbll, -Vb3vbl3.6, -Vb21.3F, -
Vb1l6 mAbs (Beckman-Coulter, Paris, France), and G2K (134591 clone)
mAb (R&D System, Minneapolis, MN, USA). Flow cytotnewas performed
by FACSCalibur and CellQuest analysis software {@ecDickinson), as
described (Ruggiero G et al. 2009; Alfinito F et2010; Terrazzano G et al.
2013). Three sex- and age-matched healthy donaes weed as controls.

Statistical analysis
Statistical analysis for p calculation was perfodniyy using Student’s t-test.
Results were considered significant with a p valg205.

L. infantum.chronic natural infection in dog model

First study

Animals

Forty-five dogs naturally infected by infantum (20 males and 25 females, 5-9
years old) from the Campania region (South Ital@revenrolled with the
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owner’s consent. Ten dogs were pure breed, while&® mongrels. Also, 30
healthy dogs (12 males, 18 females, 5-7 yearswatt)no clinical signs of CL,
which were also being negative for serological ap@ological and molecular
examinations, were considered as healthy contolmr

This work has been reviewed by Ethical Animal Canel Use Committee of
the University of Naples Federico Il and receivesititutional approval (Prot.
2011/0043885).

Clinical parameters and diagnostic procedure

For all dogs, the history (none of dogs receivespecific treatment for CL)
and the clinical examination were performed. Leighma infected dogs were
classified according to (Solano-Gallego et al. 200%e LD cohort has been
categorised in two groups: LD-A dogs (n =23), pnéisg neither clinical signs
on physical examination nor clinical-pathologicdlnarmalities by routine
laboratory tests (CBC, biochemical profile and alysis) but with a confirmed
L. infantum infection and LD-S dogs (n=22) with clinical lemshniasis,
presenting clinical signs and/or clinical-pathotadi abnormalities and a
confirmed L. infantum infection. Diagnosis of CL shéeen confirmed by
detection of amastigotes in stained cytological asef aspirates from lymph
nodes or bone marrow, serologically by a posithdirect fluorescent antibody
test (IFAT >1:80) and by a polymerase chain reaction (PCR).mats
presenting IFAT titerg1:80 and positive molecular diagnosis were incluided
the study as infected animals.

The relevance of humoral immune response on subigpfresistance
mechanism during ongoing canine visceral leishnssihas been recognized
throughout ex vivo and in vitro investigations (@liG et al. 2006; Reis AB et
al. 2006). Thus, in order to analyse the immunédilpron Leishmania infected
animals showing different degree of specific immwauogivation, Leishmania
infected dogs were further sub-classified as LowTRiter animals (LD-L)
when showing a IFAT titer 1:80-1:160 or High IFATt& animals (LD-H)
when showing a IFAT titer >1:160.

Animals presenting neither clinical signs on phgkiexamination nor
clinical-pathological abnormalities by routine |abtory tests, and with IFAT
negative £1:40) and negative PCR, were considered non-irdestel included
as healthy control group. Occurrence of other imdes diseases was always
excluded in all dogs. No Ehrlichia canis nor Anapia phagocytophilum
morulae, Babesia canis trophozoites and microfikarivere observed in
peripheral blood smears. These infections were alsduded using IFAT
and/or PCR. Finally, Dirofilaria immitis infectiomas ruled out using the Snap
Canine Combo Heartworm Antigen Antibody Test (IDEXX

Blood sample collection

Ten millilitres of peripheral blood was collectedrm the jugular vein into
tubes containing ethylene diamine tetraacetic §EidTA). A complete cell
blood count was performed in each sample withim30 from the collection
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by using a semi-automatic cell counter (Genius BAG Radom Group,
Florence, Italy). All samples were maintained amotemperature up to 5-6 h
prior to processing. In addition, serum aliquotsevebtained from all the dogs
enrolled for the study of their biochemical profded serological examination.
Serological diagnosis Detection of anti-LeishmangG antibodies was
performed by an in-house IFAT assay usingnfantum promastigotes (WHO
reference strain MHOM/TN/1980/IPT-1) as antigen &itbwing the protocol
recommended by the Office International des Epieso{Gradoni L and
Gramiccia M, 2008). Samples were classified as tpesif promastigote
cytoplasmatic or membrane fluorescence was obseat@dserum dilution of
1:80 or higher.

Molecular diagnosis

To perform a nested-PCR assay for Leishmania splA @as obtained from
bone marrow. In 4 animals, due to lack of bone avarspecimens, lymph
nodes aspirates and peripheral blood were usedNassource for nested-PCR
assay.

Monoclonal antibodies, immunofluorescence and ftgtometry

Peripheral blood from each dog was employed as evibbdbod sample to
evaluate the number of CD3+CD4+, CD3+CD8+ and CDHaxp3+ T cells

by immune-fluorescence technique and flow cytomeimalysis. Fluorescein
isothiocyanate (FITC), Phycoerythrin (PE), Cy-cheoand Allophycocyanin
(APC) labelled monoclonal antibodies (mAb) agaidsy CD3, CD4, CD8,

and isotype-matched controls were purchased fromt&elLtd, London, UK.

Intracellular detection of Foxp3 was performed gsancross-reactive, directly
conjugated murine Foxp3 antibody (Clone FIJK-169pg&fence, San Diego,
CA) and the permeabilisation buffer provided by thetection Kit (Foxp3

Staining Set, eBioscience), as described (Billed. Bt al., 2007). Foxp3
staining was carried out on Peripheral Blood Mombear Cells (PBMC)

purified by Ficoll (Sigma—Aldrich, St. Louis, MO) edsity gradient

centrifugation, as described (Biller BJ et al. 200Z2D8+ and CD4+ T cell

subsets were always identified by a combinatiorasfine specific anti-CD3
together with anti-CD4 or anti-CD8 mAbs. A typicphenotype analysis
strategy is shown in Figure 8.

To analyze the production of IFNand IL-4, purified PBMC were cultured
overnight (ON) in presence of Phorbol 12-MyristatAcetate (PMA) and
lonomycin, all purchased from Sigma—Aldrich. Thppeoach has been widely
described as useful in the study of establishedkaye profile in human and
animal models (Terrazzano G et al. 2005; Papadonglas EIl et al. 2009;
Olsen | and Sollid LM, 2013). Intracellular staigiwith the mAbs recognising
dog IFN«, IL-4 or isotype-matched controls (Serotec) wasfggmed by a
fixing/permeabilization kit (Caltag, Burlingame, A following the
manufacturer’'s instructions. To avoid extracelluleytokine export, the
cultures were incubated in the presence of 5 pofBrefeldin-A (Sigma—
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Aldrich), as described (Terrazzano G et al. 200&pa@ogiannakis El et al.
2009).

All phenotypes referred to flow cytometry analysis the lymphocyte
population gated by using Forward Scatter (FSC) Sk Scatter (SSC)
parameters, as well as CD45 labelling. Flow cyteynahd data analysis were
performed by using a two laser equipped FACScaldpparatus and the Cell
Quest analysis software (Becton Dickinson, Mountdew, CA).

Statistical analysis
Statistical analysis was performed by Mann-Whittest (GraphPad Prism,
San Diego, CA, USA). Results were considered dicanit at p < 0.05.

Second study
The diets.

Two groups of dogs (see next paragraph) were féld twio industrial dry pet
foods Both diets were based on the same receipt and eoshplfulfil the
recommendations for protein, carbohydrate and Matoider to obtain a
complete food for a daily ration in ddgs reported in Nutritional Guidelines
for complete and complementary pet food for cat$ @mgs by The European
Pet Food Industry Federation). In particular, thve foods reported similar
analytical composition in nutrients (24% of crudetpin, 12% of crude oils
and fats, 3.7%, of crude fibre 5% of crude ash, &#noisture) and, as a
consequence, similar Metabolised Energy (ME) o¥ 3.Mcal/kg corresponding
to 14.6 MJ/kg. Both foods are commercial and in foem of kibbles
industrially produced with extrusion techniqu&he potential immune-
modulating diet was composed by two mixed compaéibbles, included in
the ideal percentage of 93-94% in weight, and go&bsed tablets at the 6-7%
in weight of complete foodEuropean patent n.EP 2526781). Overall nutrient
profile of the product was obtained by the sum @fsd nutrient profile of the
kibbles, for feeding purpose, and a second nutgeatile of the tablets for
both nutrient and therapeutic purposes. Tablet® wemposed by 60-80% of
protein hydrolisated (fish and vegetable ones)4@% of minerals used as
glidants and were added by therapeutical substa#cEophyllum nodosum,
Cucumis melo, Carica papaya, Aloe vera, Astaxanttom Haematococcus
pluvialis, Curcuma longa, Camellia sinensis, Purgcanatum, Piper nigrum,
Poligonum spp, Echinacea purpurea, Grifola frond@gcine max, Omega 3
and Omega 6 un-saturated fatty acids from fish @itee dry pet food used as
control diet did not contain the above-mentioneiivacsubstances.

The standard and the nutraceutical supplemente@rdi@dministration
were carefully adjusted to provide similar caloaigimal food intake and to
satisfy the nutritional requirement of adult dogisthis regard, the food was
administered twice a day according to the speuo#tpiirements for the nutrient
amount.To guarantee the maintenance energy requiremerd, dosage was
established using a daily dietary table based eretfuation 130 kcal ME/kg of
Body Weigh?-">as recommended by the National Research CouncihGivee
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on Animal Nutrition, USA. The coefficient used refed to a moderate activity.
The two commercial products used in this trial ctetgly respect the

nutritional guidelines established by Europeanfetd Industry Federation to
provide all nutrients necessary for a canine diet.

Animals and study design

Forty dogs naturally infected bly. infantum (20 males and 20 females, 5-9
years old) from the Campania region (South Italhich is a CL endemic area,
were enrolled with the owner consent. Ten dogs were breed (4 German
Shepherds, 4 Rottweilers and 2 Labrador Retrievedsije 30 were mongrels
(15 females and 15 males, between 20 and 35 kgeighty. The study was
performed on household dogsnder the biweekly supervision of the
veterinaries fromthe Department of Veterinary Medicine and Animal
ProductionsAnimals were allocated to two groups. Group 1 wasosed of
20 dogs treated with meglumine antimoniate (50 mpg8ubcutaneous, twice
daily, for 1 month), allopurinol (10 mg/kg, oralyite daily, for 6 months) and
fed with standard diet. Group 2 included 20 dogbjemied to the same
therapeutic treatment combined with the adminisinadf a diet with potential
immune-modulating activity (see previous paragragtnimals were equally
distributed for breed, sex, weight and clinicahsign the two groups.

Immune profile evaluation was performed at diagnddi0) and after three
(T3), six (T6) and twelve (T12) months of trialafl the animals. As controls,
20 healthy dogs (12 males, 18 females, 5-7 yealsvatére enrolled. The full
blood count, total proteins, albumin/globulin ratirea and creatinine value
determinations and immune profile analysis werduatad at TO, T3, T6 and
T12. In addition, at TO and T12, both indirect flescence antibody test
(IFAT) and sternal bone marrow aspirate for Leishimd@®NA detection by n-
PCR were performed.

Clinical evaluation of dogs

History and clinical examination were performed hwithe accuracy of
guideline criteria for CL diagnosis and classifectording to Solano-Gallego
et al. (2009). No dog received a specific treatni@nCL before the enrolment.
Dogs were monitored for clinical signs correlatedther illnesses potentially
occurring during the trial. Clinical recovery wagtiated at T3, T6 and T12
and was based on the reduction/disappearance ro¢atlisigns listed in the
inclusion criteria. At the beginning of the study0j and during the follow-up
(T3, T6 and T12), the dogs were evaluated for tiveight by five-point body
condition score (BCS). Enrolled dogs were of medhody weight of 272 kg
while the BCS, which assesses the nutritional sfattnged from 2.75 to 2.90.

Monoclonal antibodies, immunofluorescence and fig¥ometry
See above in the same session referred to thetiudy.

Statistical analysis
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Statistical analysis was performed by One-way Asialyof Variance
(ANOVA) Tukey-Kramer Test for Multiple Comparisonssing GraphPad
Prism Software (GraphPad Prism Inc, San Diego, O8A). Results were
considered significant at p<0.05.

T lymphocyte activation and SOD1 involvement

Cells

Peripheral blood mononuclear cells (PBMCs) werdated from 10 healthy
donors, after informed consent, by centrifugatibperipheral blood on Ficoll-
Paque cushion (GE Healthcare, Uppsala, Swedenjegtad cells have been
isolated from PBMC by using a negative isolation(kivitrogen Corporation,
Carlsbad, CA, USA) and following the manufacturar&ructions. PBMC or T
cells (1x16/ml) were cultured in 96 well flat-bottomed plat@Salcon) in
RPMI 1640 medium with 2% FCS (Invitrogen, Carlsb&h, USA). TCR
triggering was performed by anti-CD3 mAb (Bectonckinson, Mountain
View, CA, USA) at 5 ng/ml or by using anti-CD3/a@D28 beads
(Invitrogen), at 0.3 bead/cell. This activation agtégy has been largely
demonstrated to mimic antigen-dependent T celbé&iong. To analyze TCR-
dependent SOD-1 T cell export, distinct experimemtse performed in the
presence of Brefeldin-A, (BFA) at hg/ml or of 1 mM methylamine, all
purchased from Sigma-Aldrich (Milan, Italy), as déised (Mondola P et al.
2003). Cell viability was evaluated by using Propmiodide (PI) (Sigma-
Aldrich) labeling and flow cytometry detection (Mdwia P et al. 2003) as well
as by analyzing lactate dehydrogenase (LDH) agtivitculture supernatants
by using the Roche Molecular Biochemical LDH kit divhheim, Germany).
Written informed consent (model n. 5526 of Azie@pedaliera Universitaria
“FEDERICO 1I") was obtained from each donor at ttime of venous
peripheral blood donation. All the experiments dbgeusing blood donations
were performed and analyzed anonymously, withouy dographical
reference to donors.

ELISA

The quantitative detection of human SOD-1 in medafraultured PBMC was
carried out using the Bender Med System kit (BeMded System Diagnostic,
Vienna, Austria), as described (Mondola P et aD3)0Results were always
normalized for total protein content of the testinple. SOD-1 ELISA
detection has been always performed on culture reaf@ts immediately
frozen at —-80 °C. Protein concentrations were datexd according to the
method of Lowry et al. 1951 using BSA, as standard.

RNA preparation, semi-quantitative RT-PCR and DNAgencing.

Analysis of SOD-1 specific RNA has been performesidescribed (Russo M
et al. 2011). Briefly, total RNA was extracted witigh Pure RNA isolation
kit (Roche ltalia, Milano, Italia), according toethmanufacturer's instructions.
Traces of contaminated DNA were removed with DNAsdreatment.

39



Quantification was achieved in a single reactiorubing the housekeepirfig
actin gene as internal standard. To rule out geadNA contamination we
performed a negative control that contained RNAead of cDNA. The signal
intensities of PCR products were separated on & hgarose gel and were
visualized by ethidium bromide staining. The pradusignal intensitieswere
determined by computerized densitometric analysiaguFotoplot software.
The expression of SOD-1 was normalized3tactin mRNA levels. To check
the specificity of the amplified products, DNA bandere eluted from the gel
and purified; sequence analysis was determinedchbyBig Dye Terminator
Cycle Sequencing method (ABI-PRISM Sequencer 31Rifr&lmer).

Microvesicle isolation and western blotting for SQQletection

To purify the membrane microvesicle-containing fi@t, supernatants were
collected immediately after culture and treateddascribed (Thery C et al.
2006). Briefly, they were sequentially centrifugatd 500 g for 15 min to
remove cellular debris and again at 10,000 g forn2@. The obtained
supernatant was collected and further centrifugedi08,000 g for 2 h. The
resulting pelletwas then collected and consideredepresent the enriched
membrane vesicle fraction. Western blotting analydi the pufied material
was performed as previously described (Mondola &8.62003). Comparative
analysis of SOD-1 was performed by usingugQof total

proteins.

Immundluorescence anitbw cytometry analysis

Intracellular SOD-1 contentwas evaluated anti-SORAD and FITC labeled
anti-mouse IgG secondary antiserum (Sigma-Aldricisfaining of
permeabilized cells and immuhaorescence technique. A commercial
fixing/permeabilization kit, purchased from Bectonckimson was always
employed, following the manufacturer's instructiofsr the analysis of SOD-1
content in distinct cell subsets and to evaluateel activation after TCR
triggering, co-staining with FITC, PerCP or APCd#bd anti-CD3, anti-CD45
and anti-CD69 mAb was performed. Labeled antibodies isotype-matched
controls were purchased from Becton Dickinson. [T staining and activation
were performed by anti-CD3 mAb recognizing diffear€@D3 epitopes. Cell
death was always less than 5% as evaluated by u&ingigma-Aldrich)
staining. Immunfluorescence,flow cytometry and data analysis were
performed by using a two laser equipped BeeRinkinson FACSCalibuflow
cytometer and the Cell Quest analysis software.

Fluorescence microscopy

PBMC or purfied T cells (0.5 x 19 were adhered to polylysine coated glass
slides for 1618 h at 37 °C. When indicated, the above populatiorere
stimulated with anti-CD3 mAb CLB-CD3/4E at 1:100ciéss dilution or
antiCD3/anti-CD28 beads (at 0.3 bead/cell) and 1 NAMC (Karlsson H et al.
2011). Cells were incubated at 37 °C and immediafeled with 3%
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paraformaldehyde solution. Fixed cells were incetatith FITC labelled anti-
CD3 and anti-human Cu,Zn SOD-1 rabbit antibody {&&ruz Biotechnology,
CA, USA) for 45 min in a humified chamber, washed three times with PBS
and incubated with Alexa Fluor 594- conjugated gaati-rabbit secondary
antibody (Molecular Probes,

Life Technologies) for additional 45 min at 37 1Cthe same conditions. After
3 washes with PBS the glass slides were mountety wsi50% solution of
glycerol in PBS and examined with a Zeiss LSM 5a6facal microscope with

a 63x oil immersion objective (N.A. 1,4) at roonmigerature. Pictures were
taken from selectefields of control and treated samples.

Cell to cell aggregate evaluation

To evaluate cell aggregation, PBMCs were cultured6 wellsflat bottomed

microtiter plates (Falcon) in the presence of Madiwanti-CD3 and 1 mM
NAC (Sigma-Aldrich), as indicated. This NAC concation was

demonstrated in preliminary experiments to compjdiéock ROS formation,

as described (Orci L et al. 1991). Contrast phaggoscopy analysis was
performed with a Leitz DIAVERT microscope with axL@bjective at room
temperature. Pictures were taken from selefitdds by using a digital Nikon
Coolpix Camera. NAC treatment was unable to $icgmtly affect T cell

viability and proliferation, as evaluated by Plistag after 1 to 5 h of culture
and 3H thymidine incorporation after 72 h of cutuQuanfication has been
performed by counting the number of cell aggregdidentified by the

presence of at least 8 clustered cells) in the adlure of 1 x 105 PBMC
plated on thélat bottomed microtiter wells.

Statistical analysis

Statistical evaluation of data, by InStat 3.0 safev(GraphPad Software Inc.,
San Diego, California, USA), has been performednisans of the Mann
Whitney test or Paired t test, as indicated. Tvaegip values of less than 0.05
were considered to indicate statistical sigance.
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RESULTS

Immune tolerance in bone marrow failure syndromes

Paroxysmal Nocturnal Haemoglobinuria (PNH)

PNH was our first research model to study the impaonmune tolerance-
dysregulation in bone marrow failure syndromes.
In particular, we analysed the effects of the Exuhab treatments on innate
and adaptive immune effectors in a cohort of 34 Rdtlents (Alfinito et al.
2012).
To investigate whether complement inhibition migimterfere with the
selection/expansion of the GPI-defective haematsgi®i comparative analysis
of immuno-phenotypic profile was performed amongHPNatients before
(PNH BT) and during (PNH OT) Eculizumab treatméntFigure 3, a decrease
in levels of B cells, NK cells and Treg accompaniegl an increase in
lymphocytes NKTi was observed in PNH patients BTpared to controls.
Eculizumab therapy was able to selectively res®rand NKTi peripheral
concentration without significant interference ok Ainhd Treg numbers.
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Figure 3. Analysis of B, NK, NKTi and Treg lymphocytes ilNF patients before and on
Eculizumab treatment. As indicated, panels A-D refemparative analysis of B, NK, NKTi
and Treg lymphocytes in PNH patients before (BTY am (OT) at least six months of
Eculizumab treatment. The analysis has been peefiny considering the values obtained in
the same patients before and after Eculizumab plgefor the patients, each value represents a
mean obtained in at least three independent evahsabefore and after treatment. Statistical
analysis has been performed by Wilcoxon matchedsg#gned-rank test.

42



MyeloDysplastic Syndromes (MDS)

In a subset of MDS patients (Low/Int-1 risk) withwl levels of Treg and high
expression of CD54 on cytotoxic T lymphocytes (CDBCTL) in BM, in
which the involvement of immune-mediated mechanigmghe pathogenesis
of the espansion of the dysplastic precursor migghinferred, were analyzed
the expression of HLA-I and HLA-E, as key elemefus the regulation of
CDS8' T cells and NK effectors (Terrazzano et al. 2013).

Therefore, we evaluated the HLA-E expression on n@apoietic
compartment (GC) versus PMN in peripheral blood)(lPBaired samples. As
shown in Panel A of the Figure 4, HLA-E levels oeripheral PMN are
significantly higher than GC in BM, while no sigieidint differences have been
observed between peripheral PMN from patients asaltiiny controls (not
shown).

In the light of this result, we hypothesize that thigher HLA-E
characterises mature PMN effectors in the periptdoad. Such higher HLA-
E expression could be the result of a specificeguiation of the molecule on
circulating PMN or it could be dependent on a mesi@ial selection of a BM
precursor showing higher HLA-E expression. To itigage on this issue, we
also analysed the staining profile of HLA-E on GIBM. As showed in panel
B of the Figure 4, two distinct populations withfdrent HLA-E expression
levels are present in the GC of BM.

Since HLA-E molecules are believed to preferentiadigulate NK-dependent
cytotoxicity, these data suggest the role for NKsde the selection of PMN in
all MDS patients regardless the occurrence of tamead immune profile.
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Figure 4. HLA-E expression on PB and BM cells. (A) Mean ofnimmofluorescence (MIF)
graph for HLA-E on BM GC and on PB PMN in Low, Ibt-AIP and NIP patients. A p value <
0.05 has been considered significant and (B) stampirofiles for HLA-E on BM GC as
compared with peripheral PMN in one representakii®@S patient: BM GC profile (dotted
line), PB PMN (bold plain line) and isotype cont(plain line).

A significant decrease of HLA-I on peripheral PMihen compared to
BM PMN, was observed in Low as well as in Int-1 REBIDS patients
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(pc<0.01 and p<0.05, respectively) (Panel A of the Figure 5)thié patients
were analysed according to their BM immune profdP= with altered
immune profile and NAIP= without altered immune fde), only the patients
with an altered immune profile showed a significal@crease of HLA-I
expression (§0.001) on peripheral PMN. It is worth noting tlzatendency
to present lower HLA-I levels was observed also nvhee AIP MDS sub-
group was compared to the healthy donors (panélMfgore 5).

Intriguingly, lower MHC-I expression in peripher®MN seems to be
strongly correlated with the occurrence of an eleBM immune profile in
MDS patients.

To ascertain if the presence of PMN with lower HL&xpression in PB is
dependent on down-modulation mechanisms occumirtiga periphery or it is
the result of immune-selection pressure favouriiMy Becursors carrying the
lower HLA-I levels, we evaluated the cell distrilmut of GC in the BM and of
PMN in PB. In this regards, two distinct populasowith different HLA-I
levels can be identified in GC of BM: the peripHd?®N seem to belong to
the GC subset bearing the lower HLA-I expressiagyife 5, panel C). This
feature significantly characterised the AIP subgrfigure 5, panel A). Such
observations point to the role of CD8-dependent imeamediated selection
mechanisms occurring in BM. Indeed, PMN cells visttver HLA-1 could be
unable to present unknown self-antigens and, isoreaf this mechanism, to
become “targets” for autoreactive CD8 T lymphocytageed, the PMN cell
maturation of effectors bearing lower HLA —| exmiesn seems to be
favoured in AIP subgroup, likely showing a derangeckll response.
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Figure 5. HLA-I on PB and BM cells. (A) MIF graph for HLA-I»@ression on BM GC and
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(B) HLA-I levels on PB PMN of patients and contralad (C) staining profile for HLA-I in
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one representative AIP patient: BM GC (dotted life38 PMN (bold plain line) and isotype
control (plain line).

To investigate on the occurrence of immune-mediatdéction in BM of
MDS patients, we compared the percentage of HLAgative PMN cells in
PB between healthy controls and MDS patients. Alii@ant increase of
HLA-I negative PMN has been observed in Int-1 pasef compared with the
Low Risk Group (p<0.05) and the healthy donors.£p.005) (Figure 3).
When MDS patients were grouped according with tB&r immune profile,
the AIP group showed significant higher percentaigeLA-I defective PMN
cells in comparisons with the NIP counterparg<(p05) or healthy donors
(Pc<0.05).

Such evidence, together with the observation obwel expression of
MHC-I on PMN in PB than on GC in BM of AIP patierSigure 6), suggests
the involvement of immune-mediated, HLA-I dependermchanisms in the
selection of PMN cells in AIP subgroup of MDS pat& characterised by low
Treg and increased CD54 expression on CTL.
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Figure 6. HLA-I negative PMN in PB of MDS patients. Percerdarf HLA-I negative PMN in
PB of Low, Int-1, IP and NIP groups of MDS patieatswell as in healthy donors. A p value
<0.05 has been considered significant.

Percent of HLA-l negative
peripheral PMN

In the 2013 an intriguing case of MDS patient caigyCD14(+) CD56(+)
monocytes in bone marrow (BM), in the presence odledective human
leukocyte antigen (HLA)-E expression on periphdaalod (PB) cells and of
natural killer (NK) cell expansion in PB and BM, svBy us characterized. The
defective HLA-E expression and the NK expansion ewvproposed to be
relevant for the pathogenesis of myelodysplasighimse patients showing
CD14 CD56 monocytes in BM (Terrazzano et al. 2013)

In particular MDS patient showed a dysplastic mgtasis, characterized by
the following features:
1. a significant expansion of CD14nonocytes co-expressing the CD56
in BM (more than 30% of monocytes) than in perigh€% of PB
monocytes);
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2. a Treg percentage and CD54 expression on bot@H# and CD8 T
Lymphocytes, similar between BM and PB, and to thgatlonors; the
Natural Killer expansion (more than 35% of lymphgell in BM and
PB compartment) carried several NK receptors (CD3B®337,
CD244, CD158el/e2, CD158/p70, CD94/NKG2A, CD94/NKi}2
suggesting that NK cells are polyclonal,

3. a TCR repertoire of T lymphocytes that appearddagpolyclonal in
BM and PB, without TCR-W¥ skewing (TCR polyclonal repertoire) of
one or more T clones.

Therefore, the patient showed dysplastic monocyt(@ata not shown) and
an extensive defect of HLA-E expression in both nienocytes and PMN in
PB.

The two PB populations evidenced only a very loairshg for HLA-E
(Figure 7A).

In contrast, the monocytes and PMN are positive HLA-E in BM
(Figure 7B). Intriguingly, the BM monocytes appé&aexpress HLA-E as large
distribution (see pick 2 in Figure 7B) and at higlevel if compared to PMN
(Figure 7B).

In this regard, monocytes are divided into two safyations (Figure 7C):
one expresses at lower intensity the HLA-E and XL£CD56, while the
second one shows higher level of the molecule su@Di14CD56 .

In addition, the expression of HLA-I on lymphocytesonocytes, and PMN
was similar between BM and PB (Figure 7D). The eetage of CD1%
monocytes co-expressing the CD56 was expanded inrBMe than 30% of
monocytes) than in periphery (<2% of PB monocyfdaja not shown).

Natural killer expansion (more than 35% of lymphogll in BM and PB
compartment) carried several NK receptors (CD333)387, CD244,
CD158el/e2, CD158/p70, CD94/NKG2A, CD94/NKG2C), gesging that NK
cells are polyclonal (data not shown).

The BM and PB NK cells were highly positive for twib.A-E receptors; in
particular, the CD3ICD56" cells expressing CD94/NKG2A were the 37% and
CD94/NKG2C the 43% (data not shown). Treg percentagpd CD54
expression on both the CD4nd CD8 T Lymphocytes were similar to BM
and PB, and the percentages were comparable tthyeddnors (data not
shown). Finally, the TCR repertoire of T lymphos/t@ppeared to be
polyclonal in BM and PB, without TCR{}/skewing of one or more T clones.
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Figure 5. Flow cytometry analysis. Panel A: surface expssif human leukocyte antigen

(HLA)-E on polymorphonuclear cells (PMN) (1) and Mytes (2) in peripheral blood (PB);

Panel B: surface expression of HLA-E on PMN (1) dwhocytes (2) in bone marrow (BM);

Panel C: surface expression of HLA-E on CD14+ CDOA$-and CD14+CD56+ (2) Monocytes

in bone marrow; Panel D: surface expression of Hlok- PMN from BM (1) and PB (2) and

on Monocytes from BM (3) and PB (4). The staining isotype mAb control is reported in all

the panels (CTR). PB and BM PMN and monocyte pdjmria were gated by FSC and SSC
parameters and by CD45, CD14, CD33, CD56 labelling.
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Immune tolerance in chronic infectious diseases

The aim of the study has been to investigate thaume profile of dogs
naturally infected by.. infantum. To address the immune regulatory networks
involved in Canine Leishmaniosis, lymphocyte T &lbsets, peripheral Treg
levels and the presence of pro-inflammatory T cledlse been assessed, in a
cohort of 45Leishmania infected dogs (LD), compared with 30 sex/age
matched healthy animals, by using immune fluoreseeand flow cytometry
detection. Leishmaniotic dogs have been categorigecbrding to their
clinical-pathological status and their serologicgdecific antikeishmania
antibody titer.
Figure 8 shows the analysis strategy of immune gitype performed to
identify the helper (CD4CD3"), the cytotoxic (CD8 CD3") T lymphocytes,
as well as the level of theTreg sub-population.
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Figure 8. Flow cytometry analysis strategy for phenotypealigts. Panel A and B refer typical
staining profiles for CD4+ T and CD8+ T cells ob&dl in a healthy control and a Leishmania
infected animal, respectively; C—E Panels show ahalysis strategy employed to identify
CD4+Foxp3+ Treg subset in PBMC sample obtained feocontrol dog. As shown, T cell
region (defined by CD3 staining as R1) has beenl@yed to identify the CD4+ T cell subset
(R2); in this region the presence of Foxp3 tramsizn factor allowed the identification of the
CD4+Foxp3+ Treg subset. D—H Panels show a typiealysis for CD4+Foxp3+ Treg subset
in a Leishmania infected dog.

As shown in Figure 9A, Leishmania infected dogs )Yldde characterised by
significant increase (p<0.0001) of the percentageytotoxic T cell effectors
(CD8'CD3") compared with healthy controls (67.47 + 1.85 s 44.2 + 2.5
in healthy controls). This observation has beenficoed by the significant
decrease of the percentage (31.94 £ 2.05 in LD5/86b+ 2.36 in controls;
p<0.0001) of CDACD3’ T cell subset (Figure 9C). No significant diffeces
have been observed considering the occurrenceHigla versus Low IFAT
titer (LD-H vs LD-L) as well as by the presenceaobymptomatic versus an
asymptomatic disease (LD-S vs LD-A). Panels B andf the Figure 9 show
the comparison of the cell count obtained in thiéeint animal groups. As
shown, the significant increase in CIo®3" T cells (1224 + 135 in LD vs
366.9 = 17 in controls; p<0.0001) is confirmed Ihthe disease subgroups in
comparison with healthy control animals (Figure 9B)e data on CO£D3"

T cells showed a significant decrease (564.5 + &b 6D vs 731 = 26.19 in
controls; p<0.05) of this cell subset in comparisath controls in all the LD
animals, except the LD-A sub-group (Figure 9D) ihieth no significant
differences have been observed with controls (7(894n LD-A vs 731 +
26.19 in healthy animals). Notably, a slight non#figant increase in the
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Figure 9. Significant increase of CD8+ T lymphocyte sulbderacterises Leishmania infected
dogs. Panel A and B refer percentage and count/l(1Gf CD8+CD3+ lymphocytes in
peripheral blood of healthy animals (CTR; whiteuroh); Leishmania infected dogs (LD; grey
column); infected animals with an IFAT titer > 10L6LD-H; right striped column); infected
animals with an IFAT titer 1:80-1:160 (LD-L leftrgted column); infected animals showing
symptomatic disease (LD-S; pointed column); infda@eimals showing asymptomatic disease
(LD-A cross lined column); Panel C and D refer patage and count (106/L) of CD4+CD3+
lymphocytes in peripheral blood of the dogs catisgaor as previously indicated. Statistical
analysis has been performed by using Mann-Whitesy.  values are indicated only for
significant comparisons.

Figure 10 shows that a significant difference (85204 in LD vs 1.83 + 0.15
in controls; p<0.0001) in the COYEDS' ratio characterises our cohort of
Leishmania infected animals. This observation hesnbconfirmed in all the
sub-groups of Leishmania infected animals, regasdté the IFAT titer or the
occurrence of a symptomatic versus asymptomateades
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Figure 10. CD4+/CD8+ ratio is significantly reduced in Leishnia infected dogs. Referred
values have been observed in peripheral blood aftthe animals (CTR; white column);
Leishmania infected dogs (LD; grey column); infecémimals with an IFAT titer >1:160 (LD-
H; right striped column); infected animals with BAT titer 1:80-1:160 (LD-L left striped
column); infected animals showing symptomatic disedl.D-S; pointed column); infected
animals showing asymptomatic disease (LD-A crassdicolumn); Statistical analysis has
been performed by using Mann— Whitney test. P wlae indicated only for significant
comparisons.

Figure 11 refers to the comparative analysis ofgTievel in the peripheral
blood of the pathological cohort and control grods shown, significant
reduction of the percentage of Treg (Fig. 11A)he peripheral blood of the
Leishmania infected cohort has been observed (6.8%2 in LD vs 7.17 +
0.63 in controls; p<0.05). As shown, the reduceelyTpercentage significantly
correlates with the occurrence of a high IFAT ti¢4r35 + 0.95 in LD-H vs
7.17 £ 0.63 in controls; p<0.01). Notably, when Treg count was analysed in
the pathological cohort versus controls (Fig. 118g difference appeared
more consistent, regardless of the pathologicagsup considered (12.74 +
1.59 in LD vs 27.79 = 1.94 in controls; p<0.0008;28 + 2.3 in LD-H; p <
0.001; 11.80 + 1.2 in LD-L; p<0.0001; 12.78 + 2ihd_D-S; p<0.0005; 12.77
+ 1.18 in LD-A; p<0.0001). Unlike CD4Treg that are largely defined by the
expression of Foxp3, Foxp3 expression in CBIBnes was not correlated with
their suppressive activity (Hu et al., 2012, 2018)this study, we checked for
Foxp3 expression CD&effectors, but very faint expression was obserived
both controls and Leishmania infected dogs (datahown).
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Figure 11. Significant reduction of percentage and Treg cobatve been observed in
Leishmania infected dogs. Panel A and B refer peage and count (2Q) of
CD4+CD3+Foxp3+ (Treg) cells in healthy animals (CT#ite column); Leishmania infected
dogs (LD; grey column); infected animals with arATFtiter > 1:160 (LD-H; right striped
column); infected animals with an IFAT titer 1:80480 (LD-L left striped column); infected
animals showing symptomatic disease (LD-S; pointetbmn); infected animals showing
asymptomatic disease (LD-A cross-lined column)tiSiaal analysis has been performed by
using Mann—-Whitney test. P values are indicateg &ml significant comparisons.

The cytokine profile has been largely describedetess/ant for Leishmania
spreading control (Chamizo et al., 2005; Carilla &horeno, 2009; Boggiatto
et al.,, 2010). In order to assess whether the inmhogrcal profile by us
described (high COED3" T lymphocytes and reduced Treg cells), might be
related with the induction of a specific cytokinefile in T lymphocytes, we
analysed the IFN-and IL-4 production in T lymphocytes of LD animals
compared with healthy controls by immunofluoreseeaad flow cytometry
detection. The analysis has been performed afteDldnculture of PBMC,
isolated from the peripheral blood of the animalgh Medium or PMA plus
lonomycin. This experimental approach is expectedllow the analysis ex
vivo of the cytokine profile acquired by the T selh vivo (Terrazzano et al.,
2005; Olsen and Sollid, 2013). As shown in Figuzethe percentage ofyI T
cells (specifically producing IFN-and negative for IL-4) in LD animals is
significantly increased as compared with contr@pis0(05) regardless of the
grouping criteria used. No significant differencetieeen the controls and the
infected cohort was observed in the basal productib IFN-y, detected in
Medium cultures.
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Figure 12. Significant increase of IFN+IL-4-CD3+ T lymphocytes characterises Leishmania
infected dogs. Referred values have been observagukiipheral blood of healthy animals
(CTR; white column); Leishmania infected dogs (ldPey column); infected animals with an
IFAT titer > 1:160 (LD-H; right striped column); fiected animals with an IFAT titer 1:80—
1:160 (LD-L; left striped column); infected animathiowing symptomatic disease (LD-S;
pointed column); infected animals showing asymptierdisease (LD-A cross-lined column);
Statistical analysis has been performed by usingri#/hitney test. P values are indicated
only for significant comparisons.

The same model of natural chronic infectious diee&l, was used to
study whether administration of a specific pet fo@lipplemented with
nutrients selected for their putative immune-motingaproperties and rich in
essential fatty acids, could modulate immunologigaifile of CL infected
dogs. Thus, Lymphocytes T cell subset, peripherad) Tevels and the presence
of pro-inflammatory T cells were evaluated at diegjes and along a one year
follow up in Leishmania infected dogs, submittedstandard anti-Leishmania
pharmacological treatment alone (Group 1) or assedi with the above
specified diet (Group 2). To investigate whethest dadministration during
pharmacological anti-Leishmania treatment cold @ffeéamunological profile
of CL animals, analysis of CDACDS' ratio was performed.

We analysed CD4/CDS8 ratio in dogs along the 12-momf follow-up. As
indicated in Figure 13, we confirmed the significalecrease of COACDS'
ratio at TO in CL dogs when compared to healthyrats, as by us already
described (Cortese et al., 2013). The observedeaser of CDB T cells
explains the decrease of CI@DS8" ratio. This alteration remained
substantially unmodified along the follow up in baBroup 1 and Group 2.
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Indeed, sick dogs maintained a significant reductd CD4/CD8" ratio in
comparison to control animals at all the time pmint

Moreover, when the analysis specifically focusedGQip¥'/CD8’ ratio in the
Group 1 and Group 2, significant differences betwdke groups were
observed along the follow-up. As shown, an increeseD4/CD8" ratio was
revealed in Group 1 at T3 (0.81+0.09; p<0.001),levht T6 (0.58+0.08) and at
T12 (0.31+0.02) the values substantially resemlittedhose observed at TO
(0.43+0.05). At variance, the trend of increaseCB4’/CD8" ratio at T3
(0.73+0.08 versus 0.46+0.04) was maintained at 0§1¢0.08) and T12
(0.74+0.09) in Group 2. Notably, these values rewa@i steadily and
significantly lower than in healthy dogs (Figure).13
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Figure 13. The significant CD4/CD8 ratio reduction, observedLeishmania sick dogs as
compared with controls, is maintained in a one Yeliow up in both Group 1 and Group 2
dogs, regardless the association of the pharmaicalageatment with an immune-modulating
diet. Values indicate the CD4/CD8 ratio observed in tga#tnimals (white column), in sick
dogs at TO (grey column), T3 (dotted column), TigHr striped column) and T12 (crossing
line column) in Group 1 and Group 2 animals, agcated. Results were considered significant
at p<0.05.

As shown in Figure 14, a significant reductionhie percentage of Treg of all
sick dogs was observed at TO. This result confioorsprevious observation on
Treg levels in CL (Cortese et al., 2013). A slightovery of Treg percentage
was observed only at T3 in Group 1, while this @ffdisappeared at T6 and
T12. In contrast, it is worth noting that percemtadf Treg became similar to
healthy animals in Group 2 at T3, T6 and T12 (Fegu#). Indeed, the
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Figure 14. Association of the pharmacological treatment with immune-modulating diet
restores Treg percentage and countLawshmania sick dogs.Panel A and B show the
percentage and count (x10-6/L) of Foxp3+CD4+CD3+ (IBg) cells in healthy animals
(white column) in sick dogs at TO (grey column), {dbtted column), T6 (right striped
column) and T12 (crossing line column) in Groupntl &roup 2 animals, as indicated. Results
were considered significant at p<0.05.

This result strongly suggests that the occurrericg quite stable recovery of
Treg was correlated to the immune-modulating dgimiaistration. Similar
results were obtained considering Treg number (datghown).

In addition, anti-Leishmania treatment alone washle to modify Treg level
in CL. At variance, the combination of drug withetlpotential immune-
modulating diet seems to be associated with a fggni increase of Treg
population that reaches normal values in Group 2.

Moreover, we asked if anti-Leishmania therapy aland/or associated with
diet modification could affect J1 activity in CL. As shown in Figure 15, sick
dogs showed a significant increase gl Tells at TO as compared with control
animals, regardless the group assignment. Thidtriesn accordance with our
previous data on CL (Cortese et al., 2013). Thepaoative analysis of sick
dogs with healthy controls revealed the occurresfce significant decrease of
Thl cells from T3 to T12 in Group 1, although antteof increase was
observed at T6 and T12. At variance, Group 2 argrshbwed a progressive
decrease of J1 cells, whose levels became similar to healthytrotsrat T6
and T12.
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Figure 15. Association of the pharmacological treatment with immune-modulating diet
significantly modulates the presence of IFN{L-4-CD3+ T lymphocytes ireishmania sick
dogs in a one year follow up/alues indicated the percentage of IFN<+ IL-4-CD3+ T
lymphocytes in healthy dogs (white column), sickgslcat TO (grey column), T3 (dotted
column), T6 (right striped column) and T12 (crogslime column) in Group 1 and Group 2
animals, as indicated. Results were consideratifisignt at p<0.05.

T cell activation and SOD1-dependent ROS modulation

The models described above, frame two pathologioatlitions in which
on the one hand we have an inflammatory microenuient that favours the
mechanisms of selection of pathological hematomogddnes (PHN and MDS),
on the other the same inflammatory condition isl@tgd by the physiological
system in order to control the infection in dogstunaly infected with
Leishmania infantum. In both cases the cells of adaptive immunity péay
fundamental role. Thus, we focused on the rolexadaiive balance regulation
in TCR-dependent T cell activation, as a possibld to modulate antigen-
dependent T cell activation in physiological anthpéogical conditions.
Reactive oxygen species (ROS) behave as secondemgess in signal
transduction for a series of receptor/ligand intBoms. A major regulatory role
is played by hydrogen peroxide AB), more stable and able to freely diffuse
through cell membranes. Copper-zinc superoxide uligse (CuZn-SOD)-1 is
a cytosolic enzyme involved in scavenging oxygedicas to HO, and
molecular oxygen, thus representing a major cytossburce of peroxides.
Previous studies suggested that superoxide anidnHa@®, generation are
involved in T cell receptor (TCR)-dependent signagll To investigate whether
cytosolic SOD-1 might be part of the molecular ratvinvolved in TCR
triggering, the SOD-1 intracellular level and lazation, as well as SOD-1
microvesicle secretion, was analysed in TCR-trigddruman T lymphocytes.

To investigate whether antigen-dependent T ceivatmdn induces SOD-1
production and extracellular secretion, we measthredelease of this enzyme
in supernatants of PBMC cultured from 15 min tohli® presence of Medium
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alone or with anti-CD3 mAb, that induces the TCRygering mimicking
antigen-dependent activation of T lymphocytes. Asven in Figure 16A,
human PBMC cultures secreted small amount of SOt remained
substantially stable from 15 min till to 18 h ofltcwe. Anti-CD3 treatment
slightly, but significantly (p<0.05), increased budbasal secretion. The
increment was detectable after 4 h of culture @adhed the highest level after
18 h of activation. This effect was independent acall damage, always
evaluated by PI labeling (Figure 16B) and signiiittya correlated with TCR
dependent activation, as revealed by the up-regoladf the activation
molecule CD69 (Figure 16C). Therefore, TCR-trigggrivas associated with
the induction of SOD-1 secretion in human lymphesyt
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Figure 16. SOD-1 concentration in anti-CD3 triggered cultuodshuman lymphocytes. (A)
SOD-1 amount in supernatants of PBMC cultured engresence ofMedium(black squares) or
anti-CD3 (white squares). SOD-1 concentrations vesrayzed in undiluted samples by using
ELISA assay; results were normalized for total pirocontent of the tested sample. Each point
refers mean value obtained in five independent exmats; error bars indicate SEM. *
indicates the occurrence of statistically significgp<0.05) higher SOD-1 concentration in
anti-CD3 treated cultures. (B and C) Pl and CD6@$eliag of PBMC cultured O.N.with
Medium or anti-CD3, as indicated. Results refept@ of five independent experiments. As
shown (B), no significant differences have beeneoled in Pl staining profiles of PBMC
cultured withMediumand anti-CD3; (C) CD69 stainingrofile (bold line) of
PBMCculturedwithMediumor anti-CD3, as indicatedpken line indicates isotype control; as
shown, activated PBMCs were characterized by sagif increase of the activation molecule
CD69.

To ascertain whether such secretionwas sustainagdggulation of SOD-1

gene transcription, we analyzed SOD-1 specific mRA#shown in Figure 17,
an increase of more than 70% of SOD-1 specific mRMA been observed in
the cultures treated with anti-CD3 mAb as compavath resting cells.

Therefore, antigen-dependent T cell activation aedlSOD-1 secretion that
was sustained by the increase of SOD-1 transcniptiothe whole PBMC

population.
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Figure 17. Anti-CD3 treatment induces significant increase S®D-1mRNA in human
lymphocytes. (A) Densitometric arbitrary units catietween SOD-1 and beta actin in Medium
and anti-CD3 treated cultures. Results refer onfvefindependent experiments. mMRNA was
measured by RT-PCR, as detailed in Material andhoukst section. (B) Comparative analysis
of SOD-1 mRNA percent increase in all the five ekpents performed. For each experiment
mMRNA amount in Medium cultured PBMC was considetkd reference value (100) for
calculation of percent increase in the anti-CDaited culture. As shown, a mean increase of
more than 70% of SOD-1 specific mMRNA has been olesein anti-CD3 treated PBMC. Error
bars indicate SEM. Statistical analysis has beefopeed by using Paired t test.

To evaluate whether SOD-1 export might be part mirorvesicle production
upon TCR triggering, we purified the micro-vesicfeaction from the
supernatants of 18-hour cultures of PBMC and pdifi cells. TCR triggering
of PBMC was performed with anti-CD3mADb. In orderniamic costimulatory
signals, usually mediated by accessory cells, abamation of anti-CD3/anti
CD28 beads was used to fully activate purified lTsce
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Figure 18. TCR-dependent T cell activation increases SOD-htaining microvesicle
secretion by human T lymphocytes. (A) Flow cytometnalysis of PBMC population. As
shown, T lymphocytes (CD3+ cells) represent lesantl85% of the total population;
(B)western blot of enriched membrane vesicle foadj isolated fromculture supernatants
ofMedium(white column) and anti-CD3 treated PBMQafg column), as detailed inMaterial
and methods section. Densitometric analysis showseased presence of SOD-1 in TCR
triggered PBMC. Results refer one representativeedment of the six performed; (C)
Analysis of percent increase of SOD-1 containingrovesicle in supernatants derived from
anti-CD3 treated PBMC in six experiments. For eexperiment, SOD-1 amount in Medium
cultured PBMC was considered the reference valQ8)(for calculation of percent increase in
the anti-CD3 treated culture. As shown, amean asgeof 25% was observed in
themicrovesicle enriched fraction obtained from spernatants of anti-CD3 treated PBMC.
(D) Flow cytometry analysis of a typical purifiedcEll population isolated by using negative
selection strategy, as indicated in theMaterial amathods section. As shown, T lymphocytes
(CD3+ cells) representmore than 98% of the totalputation; (E)western blot of
enrichedmembrane vesicle fractions, isolated frdtaoei supernatants of Medium(white
column) and anti-CD3/antiCD28 treated T cell cidgi(gray column), as detailed inMaterial
andmethods section. Densitometric analysis shoereésed presence of SOD-1 in the sample
obtained fromTCR triggered T cells. Results refee oepresentative experiment of the three
performed; (F) analysis of percent increase of SD&»ntaining microvesicle in supernatants
derived from anti-CD3/anti-CD28 treated T lymphasstin three experiments. For each
experiment, SOD-1 amount in Medium cultured T cellss considered the reference value
(100) for calculation of percent increase in the-@D3/ anti-CD28 treated cultures. As shown,
an increase of more than 120% was observed in tbewesicle enriched fraction obtained
from the supernatants of anti-CD3/anti-CD28 treagtedfied T cells. Error bars indicate SEM.
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Western blot comparative analysis of SOD-1 has balerays performed on aliquots of
enriched microvesicle fractions containing 49 of total proteins. Statistical analysis has been
performed by using Paired t test.

Figure 18 shows western blotting analysis of SOD-the enriched membrane
vesicle fractions. Figure 18A—B reports one repree/e experiment, while
Figure 18C refers the analysis of data obtainedlinthe six experiments
performed in PBMC cultures. The comparison revedlexl occurrence of a
mean 25% increase of SOD-1 content in the enriamednbrane vesicle
fraction obtained from anti-CD3 treated lymphocyf{ps0.01). As shown, in
the enriched membrane vesicle fraction isolateanfranti-CD3/anti-CD28
treated T cells, a more consistent increase of 3Qdontent was observed
(Figure 18D-F). Indeed, a mean increase >120% obD-$Ccontent was
evidenced in three experiments performed with mdifT lymphocytes
(p<0.05).

To investigate whether other cell populations, enésn PBMC, contribute to
SOD-1 production and secretion in response to Ti@fgdring, we analyzed
intra-cellular SOD-1 levels in the T cell subsetlam the “non-T” counterpart
in a mixed context. This evaluation was performgdtie combination of
immune fluorescence and flow cytometry detectionpiteserve the biological
complexity of antigen-dependent T cell response alwv specific detection
of SOD-1 in the T cell subset and in “non-T” pogida (Figure 19A). As
shown (Figure 19B), very low amount of intracellu0OD-1 was observed in
all the “resting” lymphocytes (T and non-T cellgfter TCR-triggering, the
up-regulation of SOD-1 intracellular level was atveel only in T lymphocytes
if compared to non-T cells (Region 1 versus Re@iam Figure 19C).
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Figure 19. Significant increase of intracellular SOD-1 anBARdependent SOD-1 export can
be specifically demonstrated in anti-CD3 triggehesnan T cells. (A) Gating criteria for the
identification of the “T cell subset” (R1) and diet “non-T population” (R2) in a PBMC
culture; (B) SOD-1 staining profile of T cells (lddine) and “non-T population” (plain line) in
O.N. Medium cultured PBMC. Dotted lines show thetype control. As shown, similar, very
low amount of intracellular SOD-1 characterizeshbpopulation. (C) SOD-1 staining profile
of T cells (bold line) and “non-T population” (ptaline) in anti-CD3 cultured PBMC. Dotted
lines showthe isotype control. As shown, specificréase of SOD-1 intracellular content can
be observed in the T cell subset (bold line) aspamed with the “non-T” counterpart (plain
line); (D) SOD-1 staining in T cell population (R&ylturedwith anti-CD3 alone (plain line) or
in the presence of BFA (bold line). Dotted lineowhthe isotype control. As shown, anti-
CD3/BFA co-culture increases intracellular SOD-htemt in T cell population. (E) SOD-1
staining in T cell population (R1) cultured withte€D3 alone (plain line) or in the presence
of methylamine (bold line). Dotted lines show tlsetype control. As shown, no significant
changes in SOD-1 intracellular levels can be oleskin anti-CD3/methylamine co-cultures.
(F) SOD-1 staining profiles of “non-T populationRZ) in anti-CD3 cultures (plain line), in
BFA/anti-CD3 co-cultures (bold line) or in methylame/anti-CD3 cultures (broken line).
Dotted lines show the isotype control. As shownsigmificant changes in SOD-1 intracellular
content have been observed. Results refer oneindebendent experiments. (G-I) Column
graphic reports the means of SOD-1 fluorescencensiies observed in 4 independent
experiments in the whole PBMCpopulation (G), in thecells (H) and in the “non-T”
population (I).White columns indicate SOD-1 levéts cells, cultured as indicated; gray
columns indicate SOD-1 in BFA co-treated culturesgiped columns refer SOD-1 in
methylamine co-treated cultures.

To investigate the pathway involved in SOD-1 secret we analyzed
intracellular SOD-1 retention in T cells in the ggace of BFA (Figure 19D) or
methylamine (Figure 19E) described to block ER/Galgacellular network
and cell endocytosis, respectively (Russo M. eR8l11; Thery C. et al., 2006).
In this regard, BFA but not methylamine treatmewliiced significant increase
of the enzyme content in T cells. No significanaieges in intracellular levels
of SOD-1 were observed in “non-T” cell populatiamthe same experimental
conditions (Figure 19F). Notably, none extraceHuOD-1 increase was
detected by ELISA in anti-CD3 cultures incubate¢thvBFA (data not shown).
Figure 19G—I reports the statistical comparisonS©@D-1 intracellular amount
in PBMC (Figure 19G), in T cells (Figure 19H) antbh-T” cells (Figure 191),
as evaluated by considering the mean fluorescemnsity (MFI) values
obtained in all the 4 experiments performed. Asashano significant changes
in SOD-1 levels were observed in the absence of fr{gBering. Thus, SOD-1
amountwas strictly dependent on antigen mediatexlTactivation. Indeed,
anti-CD3 treatment significantly increased SOD-tacellular level (p<0.005)
in thewhole lymphocyte population (Figure 19G). Jheffect specifically
characterized the T cell subset (p<0.005; Figurd)19vhile no differences
were observed in the “non-T” population (Figure)l1®oreover, the block of
ER/Golgi network, mediated by BFA treatment, waseasbed to mediate
significant (p<0.05) intra-cellular SOD-1 retenti@mly in T lymphocytes
(Figure 19H). Similar results have been obtained amyi-CD3/anti-CD28
triggering of purified T cells (data not shown). A®ntrol, intracellular
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accumulation of Interferon-gamma was specificaliyedted in TCR triggered
cultures treated with BFA (not shown).

We analyzed SOD-1 and TCR cellular localizationcbypfocal microscopy
after 2 min of culture in the presence of Mediuronal or with anti-CD3.
Figure 20 shows TCR and SOD-1 co-staining after i@ of culture with
Medium alone (Figure 20A) or anti-CD3 (Figure 20®1aC). As expected, the
homogeneous surface TCR distribution observed sting T cells (Figure
20A) was completely changed by anti-CD3 triggerifiggure 20B and C).
Indeed, significant TCR clustering (Figure 20B d)dcharacterized activated
T cells. SOD-1 staining revealed a quite homoges@uwacellular distribution
of the enzyme in resting T cells; staining profildso confirmed the presence
of SOD-1 at very low levels in human T lymphocytsse Figure 19). Notably,
confocal microscopy revealed that TCR triggeringswable to induce a
clustered distribution of SOD-1 enzyme (Figure 28l C). Merged images
clearly showed that TCR clusters have been
recruiting intracellular SOD-1, whose localizatiestrictly reflected TCR
distribution (Figure 20B and C). TCR/SOD-1 co-lazation disappeared 20
min after anti-CD3 treatment (not shown). To presethe physiological
complexity, we chose to perform the analysis in RBpbpulation as a whole
and we identified T cells by labelling with specifaintibodies. In this model,
TCR triggering is allowed by the physiological gdalk between T cells and
autologous antigen presenting cells (APC). Notabky,never observed a TCR
clustering decoupled from SOD-1 co-localization. Blgnificant changes in
SOD-1 intracellular localization were observed mofi-T” population after
anti-CD3 triggering (not shown). Notably, SOD-1/TCiRtracellular co-
clustering was observed also in anti-CD3/anti-CD&§yered purified T cells
(not shown).

To investigate whether SOD-1/TCR co-localizatiorami-CD3 activated T
cells is dependent on ROS bioavailability, we penfed experiments in the
presence of the ROS scavenger NAC at 1 mM condamtrdn this condition,
TCR clustering was significantly reduced (from 8095% in NAC/anti-CD3
co-cultures). As shown, NAC significantly inhibitdgbth TCR and SOD-1
clustered localization (Figure 20D). Indeed, TCR swhomogeneously
distributed on cell membrane, similarly to what walsserved in resting
condition (Figure 20A). SOD-1 co-staining in anB&NAC treated
lymphocytes also resembled basal images with theegmce of small areas of
faint cytosolic accumulation (Figure 20D). Mergeabiges revealed a clear-cut
distinct distribution of TCR and SOD-1 in anti-CDZC treated T cells. Thus,
ROS availability significantly affected activatiatependent TCR/SOD-1 re-
localization in human T cells.
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Figure 20. Anti-CD3 triggering induces ROS-dependent TCR &@D-1 co-clustering in
activated lymphocytes. (A) Confocal microscopy imarf CD3 (green) and SOD-1 (red) in
resting T cells. A homogeneous, distinct, membrame intracellular distribution of the TCR
and SOD-1 can be appreciated. (B and C) After 2 dfimnti-CD3 treatment a clustered
distribution of TCR can be observed (white arron8PD-1 distribution becomes strongly
clustered and resembles that of TCR (white arroisis cell re-localization is better showed
in panel C where a single cell has been focusedgadtktimages show that TCR clusters recruit
intracellular SOD-1, whose localization strictlyfleets TCR distribution (white arrows). (D)
anti-CD3/NAC co-incubation induces a homogeneouskR T€urface distribution. SOD-1
localization also resembles basal images,with tlesgnce of small areas of faint cytosolic
accumulation. Merged images reveal a clear-cuingdistlistribution of TCR and SOD1.

To ascertain whether ROS availability might alsteetf the cell-to-cell
aggregation dependent on TCR triggering, we andlyhe effect of NAC
incubation on early cell clustering (usually desdte after 45 min of
incubation with anti-CD3). As shown in Figure 2htieCD3-sitimulation was
able to induce cell aggregation after 1 h of tremattr{Figure 21C). Such effect
became more evident after 3 h of incubation (FIi®t&). Anti-CD3/NAC
co-treatment severely impaired anti-CD3 induced dekstering after 1 h of
incubation (Figure 21D). Quantification has beenrfgyened by direct
counting of cell aggregates, identified by the pre® of at least 8 clustered
cells, in the microtiter wells. Comparative anasyshowed a cell aggregate
inhibition of 83.64 + 1.62 in anti-CD3/NAC co-treat cultures in 6
independent experiments; (p<0.05). This inhibitievas transient and
progressively decreased, likely mirroring the RG&wvenging activity of
NAC. The inhibiting effect of NAC co-incubation cqbetely disappeared
after 6 h of anti-CD3/NAC cotreatment. NAC co-inatibn was unable to
mediate significant effects on cell viability anabliferation (not shown).
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Figure21l. NAC treatment inhibits early activation-inducedgeegation of TCR triggered
lymphocytes. Contrast phasemicroscopy images slpwimnd 3 hour cultures of PBMC
incubated with Medium (A and E), NAC (B and F),i&@b3 (C and G) or anti-CD3 and
NAC (D and H). As shown, significant cell aggregatiis observed in anti-CD3 triggered
cells. Lymphocyte clustering is significantly inftdd in the anti-CD3/NAC co-treated
cultures; (D) after 1 h of incubation. Quantificatiis performed by counting cell aggregates,
identified by the presence of at least 8 clusterdts. Comparative analysis (not show) shows
a 83.64 + 1.62 inhibition of cell aggregates ini-#®MD3/NAC co-treated cultures in 6
independent experiments; (p b 0.05). (H) After BoBr period the inhibiting effect of NAC
treatment is observed to be lowered (55.35 + 2r&dbition of cell aggregates in 6
independent experiments). Quite normal clusteringni-CD3 treated PBMC is observed at
longer culture time in anti-CD3/NAC co-treated sellnot shown). Results show one
representative experiment of the six performed.
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DISCUSSION and CONCLUSIONS

Paroxysmal Nocturnal Haemoglobinuria (PNH)

In the first work, we describe the occurrence oégireduction and NKTIi
increase in untreated PNH patients as well as thktyaof Eculizumab
therapy to selectively restore B and NKTi peripha@ncentration without
significant interference on NK and Treg numbersedéh results confirm
previous other and our data (Schubert et al. 1996nito et al. 1996;
Richards et al. 1998) on the reduced number of NI cells in PNH also
proposing that some of the immune alterations havée considered as
dependent on complement derangement. Indeed, tlty ab Eculizumab to
modify some of the alterations described in unaéaiatients, suggests their
dependence on complement-mediated pathway/s.

The correction of complement hyper activation isahla to revert the
immune-mediated mechanisms involved in the seleciod dominance of
PNH precursors (Luzzatto et al. 1997; Karadimigtsal. 2000; Luzzatto
2006). Indeed the size of PNH clone remains subathnunmodified in
Eculizumab treated patients. The enhanced compleacéimation observed in
PNH patients is due to absence of the GPI-linked® Bnd CD59 molecules
cells and likely accompanied by an altered biodabdity of C3 and C5
activation fragments (Luzzatto et al. 2010). Theockhde of C5 by
Eculizumab (Hillmen et al. 2006; Schubert et al00Luzzatto et al. 2010)
acts on this process, probably modifying the abditg of complement
fragments.

Interaction of C3 and C5 fragments with their cdgnaeceptors on
adaptive immune cells has been described to inguemtropic effector
functions, (Carroll 2004b; Le Friec and Kemper 20B&klin et al. 2010).
Complement fragments regulate B cell proliferatiactjvation and trafficking
(Carroll 20044a; Ottonello et al. 1999; Roozendaa &arroll 2007) and finely
tune T cell cytokine patterns (Longhi et al. 200).addition, C3 and C5
fragments also interfere with the stromal cell-dedi factor-1 (SDF-
1)/CXCRA4 axis, crucial for BM homing regulation @eet al. 2003). Finally,
NK and Treg alterations seem not to be influencgdEculizumab, thus
suggesting their independence on complement refstvays. Since similar
alterations have been described in Aplastic Anaeamd Myelodysplastic
Syndromes (Kiladjian et al. 2006; Kotsianidis et24109; Alfinito et al. 2010),
we can argue their involvement in the immune-medigtathogenesis of BM
failure disease that underlies PNH.

Taken in all our data suggest that the unbalanoedgptement activation
on the surface of GPI-defective cells mediates iBogmt alteration of
immune effectors in PNH patients without significamterference with the
immune-mediated mechanisms underlying the seldetxpansion of GPI-
defective haematopoiesis. Eculizumab treatmentles @ot only to correct the
effect of Complement hyper-activation on red cellsit is also able to
normalize complement-dependent alteration of imngiocal targets. This
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observation suggests that changes in the immurféepmmould be of some
relevance for the amelioration of immune respoms¢he PNH patients on
Eculizumab treatment.

MyeloDysplastic Syndromes (MDS)

In the hypothesis that an altered immune profilghtiunderlie the occurrence
of CTL-dependent immune/mediated selection of tyeplhstic compartment
in MDS, the study focused on HLA-E and HLA-I molézs; as major

elements in regulating NK and CTL recognition, exgjvely (Ruggiero et al.

2009; Lanier 2005; Terrazzano et al. 2007; Zinkgehaand Doherty 1974;

Germain 1994; Ploegh 1998; Seliger et al. 2006).

Thus the analysis focused on granulopoietic pouatas the more
suitable compartment for studying BM selection pgses. Our immune-
based sub classification of MDS patients (Alfingtioal. 2010) is dependent on
the occurrence of lower Treg percentage, incre&@&ddecruitment of CTL
and high CD54 expression on CD8 T cells in a suygrof Low/Int-1 Risk
patients. Low/Int-1 Risk MDS patients bearing titerad immune profile are
characterized by both the decrease in HLA-I expoaesand the increased
presence of HLA-I defective cells on peripheral P§MSfinito et al. 2010). In
this context, the occurrence of immune-mediatedcsi@in processes has been
suggested by the presence of BM precursors chassrdeby different
expression levels of HLA-E as well as HLA-I in M[p&tients.

We consistently found that the expression of HLAsHower in BM GC
than in PB PMN population. Since HLA-E is the maihibiting element for
NK recognition, we hypothesise that NK could kihet lower HLA-E-
expressing PMN precursors in BM and it could cohse® migration into PB
only of those cells expressing HLA-E at higher leviée expression of NK
ligands during BM maturation (Nowbakht et al. 20@B)d the presence of
defects in both HLA-E and CD94/NKG2 molecule, thaimHLA-E-NK
receptor,have been described, in some haematapdiséiases (Ruggiero et al.
2009; Majumder et al. 2006; Warren et al. 2008grefore a perturbation of
such regulatory networks might generate the maturadf dysplastic PMN
with significant modulation of HLA-E surface expse&an (Ruggiero et al.
2009).

Our study refers that both Low and Int-1 Risk MD&tignts show
significant decrease of HLA-I expression on periphd®MN if compared
with the BM counterpart. Notably, when patients @veategorised according
with their immune profile, only AIP patients sigicdintly maintain a lower
expression of MHC-I on peripheral PMN cells thaBiM GC. This condition
iIs conceivable with the hypothesis that a subpdmiaof BM-PMN-
precursors, characterised by high level of MHC-lleoales, could behave as
preferential target for a deranged autoreactiveell response. Indeed, CTL
are expected to be less sensitive to PMN precuesqreessing low level of
MHC-I. These cells represent the only populatioavieg the BM as
peripheral PMN in AIP MDS patients.
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HLA-I absence has been associated with escape misoi& to CTL
recognition (Zinkernagel and Doherty 1974; Germa®94; Ploegh 1998;
Seliger et al. 2006). The recognition of neo-amtgyexpressed by dysplastic
cell clones and an altered self-tolerance in BVb&8H and Rezvani 2008;
Barrett 2004; Sloand et al. 2008 might accounbfarobservations. The study
evidences a significant increase of PMN lacking HL#& Int-1 Risk MDS
patients. Such evidence could point to CTL-mediatethanisms acting in
those patients with a more advanced MDS diseasge.sfdotably, when
patients were categorised according with their imenprofile, the increase of
peripheral PMN lacking HLA-I expression was preferally observed in AIP
patients if compared with the NIP counterpart.

The immune-based classification criteria, by ugppsed, seem to identify
a subgroup of Low/Int-1 patients in whom CTL seal@ttmechanisms are
patho-genetically relevant.

The HLA-E and HLA molecules are part of the biokadi mechanisms
involved in the selection of BM precursors. Sucmume-dependent selection
processes might become pathogenetically relevamatrents in which the
immunological activation is deranged (AIP subgrof@ipur patients).

These results propose that the reduced presencegin BM (Alfinito et al.
2010) might be unable to efficiently suppress aadotive T clones that
preferentially recognise self-antigens on PMN prsats expressing higher
level of MHC-I molecules. The deranged immune respocould be enhanced
by the inflammatory BM microenvironment, descridedMDS (Zeng et al.
2006). In this context, the cytotoxic activity ofKNeffectors that could
recognise and Kill (Lanier 20005) the PMN precussexpressing low level of
HLA-E/MHC-I (Terrazzano et al. 2007) is not to exaeé.

A model for immune-mediated selection is hypothes$isn Figure 22.
Ideally, the immune-dependent signals, allowingrttauration and migration
of BM precursors in PB, might depend on expressiooptimal levels of both
HLA-E and HLA-I molecules that regulate NK and CTécognition. These
mechanisms could preferentially affect the selectd GC in MDS patients
with a deranged adaptive response in BM (AIP group)

In support of our hypothesis are at least two ewds: (a) PB PMN cells
of all patients in AIP group express higher HLA-Bdalower HLA-I
molecules (corresponding to B cell type in Figugg; Zb) we found a greater
percentage of MHC-I negative PMN (the C cell typeour model) in Int-1,
where the MDS progression is more advanced in otdpethe Low Risk.
Notably, when the patients have been categoriseor@iag to their immune-
profile, this feature characterised the AIP subgrou

This and our previous investigations over the imenaherations in MDS
(Ruggiero et al. 2009; Alfinito et al. 2010) suggéke introduction of
immune-based criteria in the classification of Mp&ients. In particular, we
aimed to better characterise those patients in twkiie immune/mediated
mechanisms could be part of MDS pathogenesis.isnrégard, it could be of
some relevance the correlation between the expressi MHC-I/HLA-E
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molecules and the selection of PMN dysplastic daneMDS. Therefore, the
expression of the activating and inhibitory recepton NK effectors and their
interplay with classical and non classical MHC-Ilezules on haematological
cell target need further investigation to bettedenstand the molecular
mechanism underlying the emergence of dysplastited in MDS.

Cytotoxicity
(lysed) (lysed)
PB X
CD94/NKG2A
Y TCR
(=)

MHC-I
> + self antigen
%\ HLA-E

Figure 22 .Involvement of NK and CTL in the selection of diagiic clones. BM polyclonal
haematopoiesis (upper panel) with at least fourddICtypes (from A to D). A and D cell
types express high level of HLA-I and representemsusceptible targets for deranged CTL
recognising self-antigens (indicated as T in thelefip B and C cell types express low level
the HLA-I or completely lack these molecules anel sipared by CTL. NK effectors recognise
the presence of HLA-E molecules by CD94/NKG2A re¢oep This mechanism likely
mediates the clearing of C and D cell types. Ingresence of a deranged CTL response (AIP
patients), the outcome of these interactions isréselt of the rescue and the preferential
migration/expansion in PB (lower panel in the myaéithe B cell type expressing low HLA-

I and high HLA-E. These conditions spare the B tgle from both NK and CTL lysis. The
dominance of a CTL-dependent selection pressurétngigcount the higher presence of D
cell type in AIP group.

Peripheral PMN

A special case of MDS patient shows thrombocytapemionocytosis and
expansion of polyclonal NK cells, and normal kayp®. These features are
accompanied by a defect of HLA-E expression on PN monocytes in PB.
Notably, despite the similarities of this MDS caséh the other by us
observed for the likely involvement of HLA-1 and KALE in fostering the
myelodysplasia (Terrazzano et al. 2013), thisgpatseems to be substantially
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unframed with the immunological criteria that weeypusly proposed
(Alfinito et al. 2010). Indeed, the patient revea¢ssignificant variation in the
percentage of Treg or of expression of CD54 whempared with healthy
controls. Nevertheless, the patient shows an untrigyanalogy with previous
patient (Ruggiero et al. 2009) for the presencedydplastic monocytosis,
mainly represented by CDI@D56 HLA-E® cells in BM, and for the
expansion of CD94/NKG2CNK cells. These characteristics suggest that BM
NK expansion, with increased expression of CD94/RKG generates a
selective pressure on hematopoietic compartmentshis regard, patient
CD94/NKG2C NK cells could have exerted an efficiently killing HLA-E”
myeloid precursors, thus targeting HLAEonocytes and HLA-EPMN in
BM and sparing those cells carrying the lowest HEAevels. Indeed, the
dysplastic monocytes are mainly HLAED14'CD56" in BM and become
HLA-E'CD14'CD56 in PB likely due to the action of NK selection. €8e
evidences suggest that the action of NK in thectgke pressure was exerted
on the monocyte and PMN populations that were olesketotally defective
for HLA-E expression in PB. We could not rule olat other receptor/ligand
pathways could have a role in regulating NK agyivit this patient.

The expression of HLA-I appears to be not involwedhe selection by
NK in this patient, as the levels of these moleswda PMN and monocytes
are similar between PB and BM. In addition, the Ti€Rertoire appears to be
unskewed, and such result could formally excludggan specific T-cell
response in the patient, at least at the time pbbaervation.

Taken together, the current study and the othersslyjyublished (Ruggiero
et al. 2009; Terrazzano et al. 2013; Alfinito &t 2010) suggest that the
emergence and dominance of dysplastic clones cbaldnferred and/or
sustained in some MDS patients also by NK actidigne and/or as
contribute, together with other immune-mediated Im@tsms. The relevance
for the expression of HLA-E and HLA-1 on hematopmecells could be
largely different, and it can range from etiopathogtic role to some
physiopathological aspects. This consideration mmakense when one
considers the balance between anti-tumor immun@onse and the possible
detrimental implication of immune editing in canc@®unn et al. 2004).
Likewise, MDS condition is identifiable as the cegaence of several clonal
cytogenetic abnormalities conferring proliferatiamed surviving advantage to
those stem cells generating dysplastic clones (MI04; Greenberg et al.
1997). In this context, it has been proposed thd#tammmatory BM
microenvironment and an altered immune responsél aoat only represent
huge protective reactions of the individual fronsedise, but also favourable
conditions for the emergence, expansion, and dam@af dysplastic clones
in a subgroup of MDS patients (Mufti 2004; Greemgpet al. 1997; Malcovati
et al. 2005; Maciejewski 2007; Sloand and Rezva&@082 Ruggiero et al.
2009; Terrazzano et al. 2013; Alfinito et al. 2D10he plain significance of
this mechanism in counteracting, causing, sustginom accompanying the
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MDS is not definitively established, but it appetode of great relevance to
better understand the role as ‘Janus Bifront’ femiune response in MDS.

L eishmania infantum infection

In our report we describe a significant increas€€BB'CD3" T lymphocytes
and Ty1 T cells (IFNy'IL-4'CD3" lymphocytes) accompanied by a significant
reduction of Tregs lymphocytes in a cohort of Leisimia infected dogs
regardless of the IFAT titer or the occurrencelwmfical symptomatic disease.

Reduced percentage of CD# cells has been described in CL, suggesting
that CD8-dependent IFN-production and lysis of infected- macrophages can
mediate protective immunity during the disease {Ga&t al. 2000). Increased
number of CD8 T effectors has been referred to preferentiallgrabterise
asymptomatic animals (Reis et al. 2006, 2009).daiteon, higher counts of T
lymphocytes, mainly due to increased COBlymphocytes and accompanied
by a decreased CYEDS' ratio, were described to characterise asymptomatic
animals with positive serology and positive molacuksults (Coura-Vital et al.
2011). Furthermore, the relevance of variationth@apercentage of CD3nd
CD4" T cells in mildly and severely infected dogs haserb highlighted
(Miranda et al. 2007) while prolonged allopurinobmotherapy was observed
to improve the number of circulating CDZ cells, but not to restore their
number to within the normal range (Papadogiannetkas. 2010).

Our results indicate that increase of CD8cells, in presence of normal
levels of T lymphocytes can be observed in CL, méigas of the IFAT titer or
the presence of clinical signs of disease. Suclerghons confirm the
relevance for CD8 T lymphocytes in the control of intracellular-psitas
(Guarga et al. 2000; Reis et al. 2006, 2009; Misaeidal. 2007; Coura-Vital et
al. 2011).

A complex network of peripheral mechanisms, co-es@lto prevent or
dampen immune-mediated diseases, usually accoomthd regulation of the
activation, expansion and recruitment of T celleeférs in the infected
microenvironment. Regulatory systems include meishas intrinsic to the
antigen activation and T cell differentiation asllwes those mediated by
regulatory suppressor immune-populations, as repted by the Treg subset.
The involvement of such regulatory network is oftical relevance in the
presence of infectious agents usually associatat wehronic diseases, as
represented by Leishmania. To investigate on sgshei we focused the
complex network of regulatory/effector T cell pogtibns in a cohort of 45
Leishmania infected dogs, categorised accordinthéar IFAT titer and the
occurrence of a symptomatic versus asymptomateades In order to analyse
T cell behaviour, maintaining the biological comptg of the immune-
regulatory networks, we chose to analyse T celtténwhole blood samples or
in the bulk PBMC preparations, by using immune fészence and multi
parametric flow cytometry detection. Our data cstesitly indicate CD8 T
effector cells as a key effector population in Qlhus the critical role for
adaptive immunity in clearing intracellular parasit(Reis et al. 2006, 2009)
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has been confirmed in our model. Moreover, ourltesndicate that in active
CL an inflammatory response, characterised by aswé levels of CO8T
cells and T,1 T cells, might be sustained by a decrease of.Tiregs, parasite
persistence could maintain adaptive cytotoxic araipflammatory response
by reducing Treg-dependent mechanisms. Severahaigmns, particularly on
the murine cutaneous leishmaniasis model, demaedtithat T,1 and T2
responses via their signatory cytokines, H;Nand IL-4 respectively, were
counter-regulatory. However, later studies usingegéeficient mice have
questioned the precise role of thg2Tresponse and IL-4 in regulating thglT
response. Depending on the parasite strain/speostshodel studied theyZ
response could either promote infection or at lmstirrelevant to disease
progression (Alexander and Brombacher, 2012). Tresgmce of reduced
Tregs represents a key mechanism to optimise TaogiNation and effector
functions in the presence of persistent infectibregs have been described to
modulate recruitment and activation of immune affiex (Sakaguchi, 2005).
Thus, in active CL, Treg could hamper inflammatoegponses required for
infection clearance, in such way exacerbating tis& that the unbridled
parasite growth could lead to severe disease. ®undhtrary, Treg recruitment
in infected tissues might prevent the onset of evienmune-mediated
pathology. Such intriguing scenario could underlimmmune-mediated
pathology, likely accounting for the presence ofmume-mediated auto-
Immune processes, very common in this parasitieadis (Kharazmi et al.
1982; Ferrer 1992; Terrazzano et al. 2006; Solaalte@o et al. 2009; Cortese
et al. 2009, 2011). These data may provide newglmsiinto the pathogenesis
of immune-mediated alterations associated with Eiurther studies are in
progress in order to more specifically address $sgale.

In the second report, we describe that a diet Isupgnted with
nutraceuticals selected for their potential immumedulating properties and
rich in essential fatty acids is able to induceimmune-modulation in dog
chronically infected byL. infantum undergoing 12 months of treatment with
standard pharmacological therapy. Moreover, thisdystaddressed if the
administration of specific nutrients could also none the clinical response to
the standard treatment in a model of chronic spmaas infection, as
represented by CL.

We observed that the significant reduction of Tsabset, by us previously
associated with the occurrence of chronic CL (Gartet al. 2013), was
significantly restored by an immune-modulating di&tich modification was
maintained in a one-year follow up. Notably, Groiplogs also showed a
progressive decrease ofyIT CD4 T cells, whose levels became similar to
healthy dogs at T6 and T12.

Therefore, anti-Leishmania treatment combined withadministration of a
specific nutraceutical pet food supplemented byienits selected for their
potential immune-modulating properties and richessential fatty acid has
been associated with significant changes in imnproéle of sick dogs.
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The effect of nutraceutical diet appeared to becifipefor Treg, since other
immune cells were unaffected. Indeed, CL pharmaypcéd treatment alone or
in the presence of specific immune modulating euatrisupplementation did
not alter the CD4/CD8 ratio and did not affect therease in CD8T cell
effectors in sick dogs along the follow up. Notaltyis conceivable that the
maintenance of a high percentage of T cytotoxieadirs could foster an
effective immune response against the parasitetasdhainly correlated to the
persistence of this chronic infection in the angn@ioreover, the increase in
Treg percentage could have a role in reducing timaune-mediated damages
to the tissues frequently associated with CL. lis tegard, both the clinical
outcome of the disease and the occurrence of imspati®logical
complications have been largely associated withatite Leishmania immune
response orchestration: i.e. murine cutaneous rn&siosis model
demonstrated that4I and {2 responses are in counter regulatory dependency
(Alexander and Brombacher, 2012). It is of notet ttiee pharmacological-
treated dogs fed by a potential immune-modulatieg ikcovered the clinical
condition in a higher percentage if compared withse animals maintained
with standard diet (65% vs. 50%) at the end ofstiuely. In addition, the dogs
fed by immune-modulating diet showed a significamtrease in platelet
number all along the study. Intriguingly, our da#dso indicate that
pharmacological anti-Leishmania treatment inducegificant improvement
of clinical conditions (for biochemical and haemagical evaluation) in all
CL animals, regardless the type of diet adminigtnat

Our data evidenced as the pharmacological treatraleme was unable to
induce long lasting changes in pro-inflammatorypoese and to modulate
Treg in sick dogs, while the combination with imneamodulating
supplemented diet was associated with a significastoration of Treg level.
To this regard, it is of note that the nutracedsiaased in this study were
previously suggested as anti-oxidants and immunédtating substances to
reach the physiological status in several modeldisgase in human (Barak et
al, 2002; Ghanim et al, 2010) and animals (Dhakaragt al, 2010; Buttle et al,
2011; Halder et al, 2012; Barros et al, 2012; Kirale2013).

Our study suggested a role for nutraceuticalsoad fmplementation able
to modulate the immune response. In particularntiteaceuticals used in this
study appear to correlate with the decrease @fcells and with the increase of
Treg in CL sick dogs. It is of some relevance thase effects seem to be not
associated with fully changes in clinical outconfienbection in leishmaniosis,
but the increase of Treg could have a putative mleeducing the immune-
pathological injury resulting from CL disease.

In this context, the possibility that the occurrenaf a mild inflammatory

context accompanied by increased Treg level coulttliarate immune-

mediated pathological effects, as the immune-mediahrombocytopenia
(Cortese et al. 2009), appears to be of some bttared it needs to be further
addressed.
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Finally, this study opens an interesting scenaridhe role for metabolism
and nutraceuticals in modifying the immune respomsedogs and, as a
perspective, in humans.

Physiological model: T lymphocyte activation and SO1 involvement

This study revealed that SOD-1 is part of the neétvad molecules involved in
antigen-dependent T cell response. SOD-1 was tedriby antigen triggered
TCR and its intracellular content was specificalpregulated in human T cells
after 16—-18 h of anti-CD3 incubation. Moreover, SOlvas secreted by a
BFA-dependent microvesicle pathway by TCR triggefecklls. These effects
have been observed maintaining the biological cewipgl of antigen-
dependent T cell response and confirmed in purifiezklls activated by anti-
CD3/anti-CD28 beads.

We showed that extra-cellular SOD-1 is increaseBBMC cultures after
anti-CD3 treatment. This effect was accompaniedbbth the induction of
SOD-1 mRNA and increase of SOD-1 containing micsisles in culture
supernatants. Moreover, we identified the T celpyation as the specific
target for SOD-1 induction and extracellular exp®tterefore, TCR-dependent
activation behaves as a triggering element for SQWeduction and secretion
by human T cells.

SOD-1 production is induced in neuroblastoma SK{N-Bells after
oxidative stress (Mondola et al. 1998; Mondola le2803). Moreover, other
and our data showed that cytosolic SOD-1 is setréte many cell lines
carrying out a paracrine modulatory role (Mondotaak 1998; Mruk et al.
1998; Mondola et al. 2003) and SOD-1 extracellubxport was by us
described in primary lymphoid organs (Cimini et2002). Induction of extra-
cellular export of SOD-1 after TCR-triggering prges a more complex
physiological involvement of such enzyme in T aadlivation. In this study,
we described that a BFA-dependent secretion mesma(Orci et al. 1991)
characterized SOD-1 micro-vesicle intercellularfficking upon antigen-
dependent immune response. No effect has beenvebser the presence of
methylamine that impairs cell endocytosis (Maxfi@t al. 1979). Thus, a
major involvement of endocytic recycling pathwayggim be excluded. Such
mechanism, previously described in neuronal motdndola et al. 1998;
Mruk et al. 1998, Ookawara et al. 1998; Turner e2@05; Kikuchi et al. 2006;
Mondola et al. 2003), represents an intriguingessu further investigations.

SOD-1 is a cytosolic protein lacking signal peptided consequently
considered to be excluded from ER translocatiore $imall amount of wild
type SOD-1 detected in ER-Golgi apparatus (Urushgaal. 2008), does not
support the direct involvement of this organelle$SOD-1 secretion. Moreover,
the possible interference of BFA, a classical iithibof ER—-Golgi dependent
protein secretion, in vesicular pathways not diyechvolving ER-Golgi
apparatus cannot be excluded. In this context,dati& propose that SOD-1
could be part of the micro-vesicle-dependent payiswédunctioning as
secondary messenger between immune cells (Matmwveinal. 2010; Thery et
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al. 2009; Blanchard et al. 2002). A number of dathicate that exogenously
added HO, induced signals in the absence of ligands, wheratedase is able
to inhibit such effect (Bae et al. 2000; Konishiagét 1997; Sundaresan et al.
1995). Moreover, the observations that productibrcatalase characterizes
many pathogens (Wang et al. 2006) and that virfagictron modulates $D,
production (Peterhans 1997) confirm the multipllesplayed by extracellular
H.O; in the activation processes of lymphocytes (Kraggl. 2010).

We consistently found that antigen-dependent T tiglbgering mediated
changes in the intra-cellular localization of SORQkAt was observed to co-
localize with clustered TCR. This event was depahasm ROS availability
since it was impaired by NAC co-treatment.

ROS production is an essential component in siggaltascades that
mediate actin cytoskeleton rearrangements. Smpho&in Rac, a key element
in the network assembly of actin in lamellipodiadlRy and Hall, 1992; Hall
1998; Heo 2011) participates in activation depehde®®S production by
different cell types (Lambeth 2004; Bedard and lsea@007). Moreover, Rac-
mediated ROS production results in the downmodutatif Rho activity thus
regulating cellular morphology and migratory beleayiNimnual et al. 2003).
SOD-1 associates with Rac-1 regulated NADPH oxidaseplexes in
different mouse tissues and cell lines (Harraz |1e2@08). In this context,
massive ROS scavenging is expected to disrupt R&p8rtient regulation of
cell contractility and motility. This event could@unt for the TCR/SOD-1
intracellular redistribution (Figure 20). The impaent of early cell
aggregation in presence of anti-CD3/NAC co-treatn(@&mngure 21) strongly
supports such hypothesis. Compelling evidencesatelithat ROS, together
with their essential role in innate antimicrobiakéfehce (Fang 2004), are
critically involved in the regulation of antigenqmEndent response of adaptive
immune effectors (Devadas et al. 2002; Kwon et28D3; Lee et al. 2007,
Purushothaman and Sarin 2009; Richards and Cld@®;20adeau et al. 2012).
Exposure of T cells to oxidant agents, such asgmedate or bD,, induces
and/or enhances TCR signaling during T cell adtiva{Secrist et al. 1993;
Cenciarelli et al. 1996; Hehner et al. 2000). TG#pehdent signaling
generates both superoxide anion and H202 thattsegcregulate antigen-
dependent proliferation and Fas ligand expressyon effectors (Devadas et al.
2002). An oxidative signal implies its tight regtibn and transient character.
Thus, in the presence of multiple intracellular R€¥birces (Sena et al. 2013;
Los et al. 1995; Jackson et al. 2004; Kwon et @lL0}, the involvement of
multiple anti oxidant mechanisms in fine tuning asftigen-dependent T cell
response can be hypothesized. Indeed, Mn-SOD/S@[ajor mitochondrial
antioxidative enzyme has been consistently assatiaith T cell activation
(Kaminski et al. 2012) and a role of catalase, glutathiand thioredoxin has
been also proposed (Kesarwani et al. 2013).

In the models of ROS generation upon stimulationeggptors it has been
shown that HO, is the relevant oxidant species that regulateadilgg (Rhee et
al. 2000; Reth 2002; Rhee 2006). NotablgOFhas a short half-life in the
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reducing environment of the cytosol, and it actselto its site of production.
Thus, an important aspect of ligand dependent TG aion might be the
rapid translocation of receptors to a source eDHor, vice versa, the
clustering of such a source to the receptor. Te tagard, our data strongly
support the hypothesis that SOD-1 intracellularalization in antigen-
triggered T cells could provide ,B, generation in the cell compartment
specifically involved in tuning antigen-dependeignals. A number of data
suggested the role for,B, as key modulator of protein phosphorylation on
either serine—threonine and tyrosine residues @fxeat al. 1999). Indeed, all
protein tyrosine phosphatases (PTPs) contain anealscysteine residue in
the signature active enzyme site motif that has leEenonstrated to be target
of specific HO, oxidation.

The HO,-mediated inhibition of PTP activity is expectedésult in a shift
of protein tyrosine kinases toward protein phosplation. The involvement of
SOD-1 in such regulatory pathways has been sugiédtmrez et al. 2008).
Our data on SOD-1 intracellular re-localization npIiCR-triggering suggests
that SOD-1 could directly modulate kinase/phospdeatactivity related to
proximal TCR signaling. The evidence (Devadas et2@D2) that anti-CD3
induced ERK phosphorylation requires®4 but is independent on superoxide
anion, strongly supports such  hypothesis. Thus, cedlbbar
compartmentalization of #, generating enzymes (like SOD-1) could
represent a relevant element in achieving the sup/peroxide balance
required to optimize antigen-dependent T cell raspo

Taken in all, our data suggest that SOD-1 is path® molecular network
involved in antigen-dependent T cell response.h&thest of our knowledge,
this is the first observation revealing a relatlops between SOD-1
secretion/intracellular re-localization and the igem dependent T cell
activation. Further studies are needed to invetiga the involvement of
SOD-1 in the regulation of TCR signalling cascaagsvell as in the functional
cross talk between immune effectors.

74



ACKNOWLEDGEMENTS

At the end of these three years of PhD | would tik¢éhank all the people who
at different extend have supported and have humgnarme for this work and
have made possible the realization of this thesis.

Thank’s to

My Supervisor Prof. Giuseppina Ruggiero of the &&ment of the
Translational Medical Sciences, University of Napt€ederico II” and Prof.
Giuseppe Terrazzano of the Department of Scieat#se University of the
Basilicata, not only for their presence and forirthallingness to offer their
valuable contribution to my scientific growth arat their dedication to follow
me in my research, but also for believing in me #&wrdthe inspiration of
loyalty, love of research and professionalism asoael to pursue in life and
work.

Prof. Vittorio Enrico Avvedimento, coordinator dfe XXVIIth cycle of the
PhD in Molecular Pathology and Physiopathologyhaf £chool of Molecular
Medicine, Department of Molecular Medicine and Msedli Biotechnology,
University of Naples “Federico II”, for the opponity to join this PhD
programm.

Prof. Fiorella Alfinito Division of Hematology, Deptment of Clinical and
Experimental Medicine, University of Naples “Federill”, for working with
us sharing her experience in hematology

Prof. Paolo Ciaramella and the Prof. Laura Cortd3epartment of
Veterinari Medicine and Animal Production, Univéysof Naples “Federico
II”, for working with us allowing the study of veieary models. A warm
thanks to SanyPet s.p.a. for funding our research.

Prof. Paolo Mondola Section of Physiology. Deparitef Clinical and
Experimental Medicine, University of Naples “Federill”, for sharing his
scientific expertise on the Superoxide Dismutasdeho

Prof. Silvia Fontana president of the EFIS-EJI $&uuperione
d’Immunologia "Ruggero Ceppellini" for allowing nte participate in annual
international immunology courses, thus contributmgny scientific training.

Special thanks go to colleagues Dr. Anna Teresatlai and the dr.
Angela Giovazzino for showing me their human sidall trouble times.

To all my friends that always supported me in joy alespair situations
along this PhD course a sincere thank.

75



| can not forget the immense gratitude for mom dad for having invested in
me and not letting me never did weigh the enornsausifices they have made
for me. | thank my sister because there was ainads.

Finally, 1 would like to thank you for being thetalways" was in these three
years in support of my choice; ready to raise yaice when it was necessary,
but always ready to listen me when | needed it.

Valentina

76



REFERENCES

o

Alexander J, Brombacher F. T helperl/T helper2scefid resistance/
susceptibility to Leishmania infection: is this pdigm still relevant?
Frontiers in Immunology 2012; 3: 1-13.

Alexandre-Pires G, de Brito MT, Alguerd C, Marti@s Rodrigues OR,

da Fonseca IP, Santos-Gomes G. Canine leishmaniasis
Immunophenotypic profile of leukocytes in differesztmpartments of
symptomatic, asymptomatic and treated dogs. Vet uUnoh
Immunopathol 2010;137: 275-283.

Alfinito F, Del Vecchio L, Rocco S, Boccuni P, MasP, Rotoli B.
Blood cell flow cytometry in paroxysmal nocturnarhoglobinuria: a
tool for measuring the extent of the PNH clone. Kenia
1996;10:1326-30.

Alfinito F, Ruggiero G, Sica M, Udhayachandran Ayldto V, Pepa
RD, Palatucci AT, Annunziatella M, Notaro R, Risita AM,

Terrazzano G. Eculizumab treatment modifies the umenprofile of
PNH patients. Immunobiology 2012; 217: 698-703.

Alfinito F, Sica M, Luciano L, Pepa RD, Pallading Eerrara I, Giani
U, Ruggiero G, Terrazzano G. Immune dysregulationd a
dyserythropoiesis in the myelodysplastic syndronissJ Haematol.
2010; 148: 90-98.

Alpdogan O, van den Brink MR. Immune tolerance aaadsplantation.
Semin Oncol. 2012;39 :629-642. Review.

Alvar J, Cafavate C, Molina R, Moreno J, Nieto Janige
leishmaniasis. Adv Parasitol. 2004; 57:1-88.

Andlauer W, Furst P. Nutraceuticals: a piece ofdnjs present status
and outlook. Food Res. Int. 2002; 35: 171-217.

Anstead GM, Chandrasekar B, Zhao W, Yang J, PekezaMelby PC.
Malnutrition alters the innate immune response ameases early
visceralization followind-eishmania donovani infection. Infect. Immun.
2001; 69: 4709-4718.

Araten DJ, Nafa K, Pakdeesuwan K, Luzzatto L. Clgopulation of
hematopoietic cell with paroxysmal nocturnal hembgiuria
phenotype are present in normal individuals. Pigatl. Acad. Sci.
1999; 96: 5209-5214.

77



Bae YS, Kang SW, Seo MS, Baines IC, Tekle E, CHeBk Rhee SG.
Epidermal growth factor (EGF)-induced generation loydrogen
peroxide. Role in EGF receptor-mediated tyrosinesphorylation. J
Biol Chem. 1997;272: 217-21.

Bae YS, Sung JY, Kim OS, Kim YJ, Hur KC, KazlauskgsRhee SG.
Platelet-derived growth factor-induced H202 produrctrequires the
activation of phosphatidylinositol 3-kinase. J. Bi€hem. 2000;275:
10527-10531.

Baneth G, Koutinas AF, Solano-Gallego L, BourdeguFErrer L.
Canine leishmaniosis - new concepts and insightamrexpanding
zoonosis: part one. Trends Parasitol. 2008; 24:3R4

Barak V, Birkenfeld S, Halperin T, Kalickman I. Th#fect of Herbal
Remedies on the Production of Human Inflammatoryl aAmti-
inflammatory Cytokines. The IMAJ 2002;11: 919-922.

Barrett AJ. Myelodysplastic syndrome-an example roisguided
immune surveillance? Leuk Res. 2004; 28: 1123-4.

Barrett B. Medicinal properties of Echinacea: Atical review.
Phytomedicine. 2003; 1: 66-86.

Barros MP, Marin DP, Bolin AP, de Céassia SantosédacR, Campoio
TR, Fineto Jr. C, Alves Guerra B, Polotow TG, Vaisl&C, Mattei R,
Otton R. Combined astaxanthin and fish oil supplaten improves
glutathione-based redox balance in rat plasma autkrophils. Chem-
Biol. Interact 2012; 197: 58-67.

Battaglia M, Stabilini A, Tresoldi E. Expanding ham T regulatory
cells with the mTOR-inhibitor rapamycin. Methods IM#giol. 2012,
821: 279-93.

Bedard K, Krause KH. The NOX family of ROS-genargtiNADPH
oxidases: physiology and pathophysiology. Physiyv. 2007; 87:
245-313.

Bessler M, Mason P, Hillmen P, Luzzatto L. Somatiatations and
cellular selection in paroxysmal nocturnal haembmgloria. Lancet.
1994; 343: 951-3.

Bessler M, Mason PJ, Hillmen P, Miyata T, YamadaTdkeda J,
Luzzatto L, Kinoshita T. Paroxysmal nocturnal haghabinuria (PNH)

78



is caused by somatic mutations in the PIG-A gendB@& J. 1994; 13:
110-7.

Biller BJ, Elmslie RE, Burnett RC, Avery AC, Dow SWse of FoxP3
expression to identify regulatory T cells in heglttogs and dogs with
cancer. Veterinary Immunology and Immunopatholo§9722 116: 69-
78.

Blanchard N, Lankar D, Faure F, Regnault A, DumBntRaposo G,
Hivroz C. TCR activation of human T cells inducks production of
exosomes bearing the TCR/CD3Jomplex, J. Immunol. 2002; 168:
3235-3241.

Boggiatto PM, Ramer-Tait AE, Metz K, Kramer EE, &in-Corley K,
Mullin K, Hostetter JM, Gallup JM, Jones DE, PetersCA.
Immunologic indicators of clinical progression dwgi canine
Leishmania infantum infection. Clinical and Vaccinemunology
2010; 17: 267-273.

Bottero E, Poggi M, Viglione M. Lesioni papulari dotte da
Leishmania spp in 8 cani giovani. Veterinaria 1. 33-36.

Brodsky RA. Advances in the diagnosis and therapyaroxysmal
nocturnal hemoglobinuria. Blood Rev. 2008; 22: @5-7

Burdon RH. Control of cell proliferation by reaativoxygen species.
Biochem Soc Trans. 1996; 24:1028-32. Review.

Butt MS, Sultan MT. Green Tea: Nature's Defensénagianalignancies.
Crit. Rev. Food Sci. Nutr. 2009; 49, 5: 463-473.

Buttle DJ, Behnke JM, Bartley Y, Elsheikha HM, BaytDJ, Garnett
MC, Donnan AA, Jackson F, Lowe A, Duce IR. Oral idgswith
papaya latex is an effective anthelmintic treatmfentsheep infected
with Haemonchus contortus. Parasit. Vectors. 2@136: 2-11.

Carillo E, Moreno J. Cytokine profiles in caninseeral leishmaniasis.
Veterinary Immunology and Immunopathology 2009;:1&8-70.

Carrillo E, Jimenez MA, Sanchez C, Cunha J, Mar@h4, da Paixao
Seva A, Moreno J. Protein malnutrition impairs thremune response
and influences the severity of infection in a hanshodel of chronic
visceral leishmaniosis. PLOS One 2014; 9, 2 e892417).

79



Carroll MC. The complement system in B cell regolat Mol.
Immunol. 2004a; 41: 141-146.

Carroll MC. The complement system in regulation adaptive
immunity. Nat. Immunol. 2004b; 5: 981-986.

Cenciarelli C, Wilhelm Jr. KG, Guo A, Weissman AN.cell antigen
receptor ubiquitination is a consequence of recapediated tyrosine
kinase activation. J. Biol. Chem. 1996; 271: 870938

Chamizo C, Moreno J, Alvar J. Semi-quantitativelgsia of cytokine
expression in asymptomatic canine leishmaniasis.terif@ry
Immunology and Immunopathology 2005; 103: 67-75.

Ciaramella P, Oliva G, Luna RD, Gradoni L, Ambro&tp Cortese L,
Scalone A, Persechino A. A retrospective clinicaldg of canine
leishmaniasis in 150 dogs naturally infected bysheiania infantum.
Vet Rec. 1997, 22; 141: 539-43.

Cimini V, Ruggiero G, Buonomo T, Seru R, Sciorio &nzi C,
Santangelo F, Mondola P. CuZn-superoxide dismuiaséhuman
thymus: immunocytochemical localisation and seeoretin thymus-
derived epithelial and fibroblast cell lines. Higtem Cell Biol.
2002;118:163-9.

Corey SJ, Minden MD, Barber DL, Kantarjian H, Wal@, Schimmer
AD. Myelodysplastic syndromes: the complexity afmatcell diseases.
Nat Rev Cancer. 2007; 7:118-29.

Cortese L, Annunziatella M, Palatucci AT, RubinoRiantedosi D, Di
Loria A, Ruggiero G, Ciaramella P, Terrazzano Gguratory T cells,
Cytotoxic T lymphocytes and aHT cytokine profile in dogs naturally
infected bylLeishmania infantum. Res. Vet. Sci. 2013; 95: 942-949.

Cortese L, Sica M, Piantedosi D, Ruggiero G, Pek Merrazzano G,
Mastellone V, Ciaramella P. Secondary immune-mediat
thrombocytopenia in dogs naturally infected by heiania infantum.
Veterinary Record 2009; 164: 778-782.

Cortese L, Terrazzano G, Piantedosi D, Sica McBrid, Ruggiero G,
Ciaramella P. Prevalence of anti-platelet antib®die dogs naturally
co-infected by Leishmania infantum and Ehrlichianisa The
Veterinary Journal 2011; 188: 118-121.

80



Cosentini E, Gargiulo L, Bruno P, Lastraioli S, iRieo A, Camerlingo
R, Luongo V, Serra M, Sica M, Garzillo C, Giani Nptaro R, Alfinito
F, Ruggiero G, Terrazzano G. Killer immunoglobulke receptors
(KIR) and their HLA-ligands in Italian paroxysmal octurnal
haemoglobinuria (PNH) patients. Tissue Antigend.2®0: 322-7.

Costa FA, Goto H, Saldanha LC, Silva SM, Sinhotlni Silva TC,

Guerra JL. Histopathologic patterns of nephropathy naturally

acquired canine visceral leishmaniasis. VeterirRathology 2003; 40:
677-684.

Coura-Vital W, Marques MJ, Giunchetti RC, Teixe€arvalho A,
Moreira ND, Vitoriano-Souza J, Vieira PM, Carnei@M, Corréa-
Oliveira R, Martins-Filho OA, Carneiro M, Reis ABlumoral and
cellular immune response in dogs with inapparemtarahl e shmania
infantum infection. Vet. J. 2011; 190: e43-47.

Dantas-Torres F. The role of dogs as reservoiteshmania parasites,
with emphasis on Leishmania (Leishmania) infanturd heishmania
(Viannia) braziliensis. Vet. Parasitol. 2007; 1499-146.

de Lima VMF, Ikeda FA, Rossi CN, Feitosa MM, de v@lra
Vasconcelos R, Nunes CM, Goto H. Diminished CD4+26D T cell
and increased IFN-levels occur in dogs vaccinatéld laeishmune in
an endemic area for visceral leishmaniasis. Vedeyilmmunology and
Immunopathology 2010; 135: 296-302.

Devadas S, Zaritskaya L, Rhee SG, Oberley L, Wil§aViS. Discrete
generation of superoxide and hydrogen peroxide bgell receptor
stimulation: selective regulation of mitogen-acted protein kinase
activation and fas ligand expression. J Exp Me@22@; 195: 59-70.

Devasagayam TPA, Sainins KB. Immune system andoxadénts,
especially those derived from Indian medicinal ganndian J. Exp.
Biol. 2002; 40: 639-655.

DeYulia GJ Jr, Carcamo JM, Borquez-Ojeda O, She@@@ Golde
DW. Hydrogen peroxide generated extracellularly rbgeptor-ligand
interaction facilitates cell signaling. Proc Nattad Sci U S A. 2005;
102: 5044-9.

Dhasarathan P, Gomathi R, Theriappan P, Paulsni@uhomodulatory

Activity of Alcoholic Extract of Different Fruitsn Mice. J. Appl. Sci.
Res. 2010; 6, 8: 1056-1059.

81



Dunn GP, Old LJ, Schreiber RD. The three Es of eamamunoediting.
Annu Rev Immunol. 2004; 22: 329-60.

Fang FC. Antimicrobial reactive oxygen and nitrogpecies: concepts
and controversies. Nat. Rev. Microbiol. 2004; 20-832.

Fenaux P, Mufti GJ, Hellstrom-Lindberg E, Santini &attermann N,
Germing U, Sanz G, List AF, Gore S, Seymour JF, b@in H,

Backstrom J, Zimmerman L, McKenzie D, Beach CLy&iman LR.

Azacitidine prolongs overall survival compared wibnventional care
regimens in elderly patients with low bone marrolasb count acute
myeloid leukemia. J Clin Oncol. 2010; 28: 562-9.

Ferrer L, Kirk RW, Bonagura JD, Saunders WB. Leiahmasis. In:
(Eds.), Xl Current Veterinary Therapy. PhiladelpHi@92 p. 266.

Fetrow JS, Siew N, Skolnick J. Structure-based tfanal motif
identifies a potential disulfide oxidoreductase et site in the
serine/threonine protein phosphatase-1 subfamisHEB J. 1999; 13
1866-1874.

Fraser ID, Germain RN. Navigating the network: sigrg cross-talk in
hematopoietic cells. Nat Immunol. 2009; 10: 327-31.

Galli C, Calder PC. Effects of Fat and Fatty Acidtake on
Inflammatory and Immune Responses. Crit. Rev. Asihaitr. Matab.
2009; 55: 123-139.

Garcia-Manero G. Can we improve outcomes in paievith acute
myelogenous leukemia? Incorporating HDAC inhibitor® front-line
therapy. Best Pract Res Clin Haematol. 2012; 23-3% Review.

Gargiulo L, Lastraioli S, Cerruti G, Serra M, Lot F, Zupo S,
Luzzatto L, Notaro R. Highly homologous T-cell rptar beta
sequences support a common target for autorea€tigells in most
patients with paroxysmal nocturnal hemoglobinuBkod. 2007; 109:
5036-42.

Germain RN. MHC-dependent antigen processing angtigee
presentation: providing ligands for T lymphocytéization. Cell 1994;
76: 287-99.

Gerriets VA, Rathmell JC. Metabolic pathways in @ll cfate and
function. Trends Immunol. 2012; 33: 168-173.

82



Ghanim H, Sia CL, Abuaysheh S, Korzeniewski K, B&nP,
Marumganti A, Chaudhuri A, Dandona P. An antiinfraatory and
reactive oxygen species suppressive effects okaaat of Polygonum
cuspidatum containing resveratrol. J. Clin. EndoartiMetab. 2010; 95,
9:E1-8.

Godfrey DI, Pellicci DG, Patel O, Kjer-Nielsen L, d@luskey J,
Rossjohn J. Antigen recognition by CD1d-restrictd&kT T cell
receptors. Semin Immunol. 2010; 22: 61-7. Review.

Gradoni L, Gramiccia M. Leishmaniosis. In: Dani®l, (Ed.), OIE
Manual of Diagnostic tests and vaccines for ter@stanimals
(mammals, birds and bees), sixth ed. Office Intiwnal des Epizooties,
Paris 2008; pp. 240-250.

Gralnick HR, Vail M, McKeown LP, Merryman P, Wilsad, Chu I,
Kimball J. Activated platelets in paroxysmal nociairhaemoglobinuria.
Br J Haematol. 1995; 91:697-702.

Greenberg F, Cox C, LeBeau MM, et al. Internatics@ring system
for evaluating prognosis in myelodysplastic syndesmBlood 1997;
89:2079-88.

Greenberg PL, Young NS, Gattermann N. Myelodysjlasindromes.
Hematology Am Soc Hematol Educ. 2002:136-61.

Guarga JL, Moreno J, Lucientes J, Gracia MJ, PeebaMA, Alvar J,

Castillo JA. Canine leishmaniasis transmission:héig infectivity

amongst naturally infected dogs to sand flies soaistted with lower
proportions of T helper cells. Research Veterin@cyence 2000; 69:
249-253.

Guarga JL, Moreno J, Lucientes J, Gracia MJ, PeebaMA, Castillo

JA. Evaluation of a specific immunochemotherapytf@ treatment of
canine visceral leishmaniasis. Veterinary Immunglogand

Immunopathology 2002; 88: 13-20.

Guerra LL, Teixeira-Carvalho A, Giunchetti RC, MastFilho OA,
Reis AB, Correa-Oliveira R. Evaluation of the irdhce of tissue
parasite density on hematological and phenotygdlolae parameters of
circulating leukocytes and splenocytes during ongaianine visceral
leishmaniasis. Parasitology Research 2009; 1046@21

Guidetti F, Grazioli S, Capelli F, Marini C, Galticio M, De Micheli D,
Castello L, Sainaghi PP, Fra GP, Saglio G, Avand. @rimitive

83



hematopoietic stem cells shows a polyclonal pattemyelodysplastic
syndromes. Haematologica. 2004; 89: 21-8.

Halder S, Mehta AK, Mediratta PK. Augmented humoiaimune
response and decreased cell mediated immunity bg &éra in rats.
Inflammopharmacology 2012; 20, 6: 343-346.

Hall A. Rho GTPases and the actin cytoskeletoner®a 1998; 279:
509-514.

Hall C, Richards SJ, Hillmen P. The glycosylphoghginositol
anchor and paroxysmal nocturnal haemoglobinuriag@lmodel. Acta
Haematol. 2002; 108: 219-30.

Harraz MM, Marden JJ, Zhou W, Zhang Y, Williams 3harov VS,
Nelson K, Luo M, Paulson H, Schoneich C, Engelhaligt SOD1
mutations disrupt redox-sensitive Rac regulatioNADPH oxidase in
a familial ALS model. J. Clin. Invest. 2008; 11&9%670.

Heaney ML, Golde DW. Myelodysplasia. N Engl J Metb99;
27;340:1649-60.

Hehner SP, Breitkreutz R, Shubinsky G, Unsoeld ¢hu&e-Osthoff K,
Schmitz ML, Drége W. Enhancement of T cell recemignaling by a
mild oxidative shift in the intracellular thiol pbal. Immunol. 2000;
165: 4319-4328.

Heo J. Redox control of GTPases: from molecular hraeisms to
functional significance in health and disease. &it. Redox Signal.
2011;15: 689-724.

Hillmen P, Lewis SM, Bessler M, Luzzatto L, Dacl\ Natural history
of paroxysmal nocturnal hemoglobinuria. N Engl J dV€l995;
333:1253-8.

Hillmen P, Young NS, Schubert J, Brodsky RA, SdgjéMuus P, Roth
A, Szer J, Elebute MO, Nakamura R, Browne P, &t AM, Hill

A, Schrezenmeier H, Fu CL, Maciejewski J, RolliB#\, Mojcik CF,
Rother RP, Luzzatto L. The Complement inhibitolcuzumab in
paroxysmal nocturnal hemoglobinuria. N. Engl. JedV12006; 355:
1233-1243.

Houriuchi Y, Tominaga M, Ichikawa M, Yamashita Mkumaru Y,
Nariai Y, Nakajima Y, Kuwabara M, Yukawa M. Increasf regulatory

84



T cells in the peripheral blood of dogs with medéist tumors.
Microbiology and Immunology 2009; 53: 468-474.

Hu D, Liu X, Zeng W, Weiner H, Ritz J. A clonal mgldfor human
CD81 regulatory T cells: Unrestricted contact-dejfssnt killing of
activated CD4+ T cells. European Journal of Immagpl2012; 42:
69-79.

Hu D, Weiner H, Ritz J. ldentification of cytolyti€D16ICD56"
regulatory CD8 T cells in human peripheral bloodo® One 2013; 8:
1-10.

Inoue A, Kodama N, Nanba H. Effect of Maitake (Gkf frondosa) D-
Fraction on the Control of the T Lymph Node Th-1/lproportion.
Biol. Pharm. Bull. 2002; 25, 12: 1647-1650.

Jackson SH, Devadas S, Kwon J, Pinto LA, William$.M cells
express a phagocyte-type NADPH oxidase that ivaet after T cell
receptor stimulation. Nat. Immunol. 2004; 5: 81882

Juarez IC, Manuia M, Burnett ME, Betancourt O, BoiB, Shaw DE,

Tonks NK, Mazar AP, Donate F. Superoxide dismuthg&0D1) is

essential for H202-mediated oxidation and inaciivabf phosphatases
in growth factor signalling. Proc. Natl. Acad. Sdi. S. A. 2008; 105:

7147-7152.

Kaminski MM, Roth D, Sass S, Sauer SW, Krammer PH, Giikow
Manganese superoxide dismutase: a regulator of IIT acéivation-
induced oxidative signaling and cell death, BiochiBiophys. Acta
2012; 1823: 1041-1052.

Karadimitris A, Manavalan JS, Thaler HT, NotaroARaten DJ, Nafa
K, Roberts IA, Weksler ME, Luzzatto L. Abnormal &lcrepertoire is
consistent with immune process underlying the pgehesis of
paroxysmal nocturnal hemoglobinuria. Blood. 2008; 2613-20.

Karlsson H, Nava S, Remberger M, Hassan Z, HassaRingde O. N-
acetyl-L-cysteine increases acute graft-versus-hdstease and
promotes T-cell-mediated immunity in vitro. Eurl@dmunol. 2011;41.:
1143-1153.

Kaye P, Scott P. Leishmaniasis: complexity at tlestdpathogen
interface. Nature Reviews Microbiology 2011; 9: 65b.

85



Kesarwani P, Murali AK, Al-Khami AA, Mehrotra S. Rex regulation
of T-cell function: from molecular mechanisms tarsficance in
human health and disease. Antioxid. Redox Signdl32 18: 1497-
1534.

Kharazmi A, Rezai HR, Fani M, Behforouz NC. Evidenfor the
presence of circulating immune complexes in serach@3b and C3d
on red cells of kalaazar patients. Transaction of/dR Society of
Tropical Medicine and Hygiene 1982; 76: 793-796.

Kikuchi H, Almer G, Yamashita S, Guégan C, Nagai,Z, Sosunov
AA, McKhann Il G, Przedborski S. Spinal cord endigphic reticulum
stress associated with a microsomal accumulationugdént superoxide
dismutase-1 in an ALS model. Proc. Natl. Acad. &ci.S. A. 2006;
103: 6025-6030.

Kiladjian JJ, Bourgeois E, Lobe |, Braun T, Visent, Bourhis JH,
Fenaux P, Chouaib S, Caignard A. Cytolytic functaord survival of
Natural Killer cells are severely altered in Myegysdlastic Syndromes.
Leukemia 2006; 20: 463-470.

Kim DK, Lillehoj HS, Lee SH, Jang SI, Lillehoj EBravo D. Dietary
Curcuma longa enhances resistance against Eimeaxima and
Eimeria tenella infections in chickens. Poultry &013;92, 10: 2635-
2643.

Kim K, Lim KM, Kim CW, Shin HJ, Seo DB, Lee SJ, NdlY, Bae ON,
Shin S, Chung JH. Black soybean extract can attentraombosis
through inhibition of collagen induced platelet iaation. J. Nutr.
Biochem. 2011; 22, 10: 964-970.

Kinoshita T, |Inoue N, Takeda J. Defective glycosyl
phosphatidylinositol anchor synthesis and paroxysmacturnal
hemoglobinuria. Adv Immunol. 1995; 60:57-103.

Kodama N, Komuta K, SAKAI N, Nanba H. Effects of ®action, a
Polysaccharide from Grifola frondosa on Tumor Giowhvolve
Activation of NK Cells. Biol. Pharm. Bull. 2002; 28: 1647-1650.

Konishi H, Tanaka M, Takemura Y, Matsuzaki H, OnoKykkawa U,
Nishizuka Y. Activation of protein kinase C by tgine
phosphorylation in response to H202. Proc Natl A&l U S A.
1997;94: 11233-7.

86



Koshy M, Berger D, Crow MK. Increased expressiorC@f40 ligand
on systemic lupus erythematosus lymphocytes. JI6last. 1996; 98:
826-37.

Kotsianidis I, Bouchliou I, Nakou E, Spanoudakis Margaritis D,
Christophoridou AV, Anastasiades A, Tsigalou C, Bkas G,
Karadimitris A, Tsatalas C. Kinetics, function armbne marrow
trafficking of CD4+ CD25+ Foxp3+ regulatory T cellsn
Myelodysplastic Syndromes. Leukemia 2009; 23: 518-5

Koutinas AF, Polizopoulou ZS, Saridomichelakis MArgyriadis D,

Fytianou A, Plevraki KG. Clinical consideration aanine visceral
leishmaniasis in Greece: a retrospective study 58 &ases (1989-
1996). Journal of American Animal Hospital Asso@at1999; 35:

376-383.

Kraaij MD, Savage NDL, van der Kooij SW, KoekkoekWang J, van
den Berg JM, Ottenhoff TH, Kuijpers TW, Holmdahl ¥n Kooten C,
Gelderman KA. Induction of regulatory T cells by enaphages is
dependent on production of reactive oxygen speélesc. Natl. Acad.
Sci. U. S. A. 2010; 107 :17686-17691.

Kwon J, Devadas S, Wililams MS. T cell receptormstiated
generation of hydrogen peroxide inhibits MEK—-ERKiation and Ick
serine phosphorylation, Free Radic. Biol. Med. 281 406-417.

Kwon J, Shatynski KE, Chen H, Morand S, de DekemMiqt F, Leto

TL, Willams MS. The nonphagocytic NADPH oxidase da

mediates a positive feedback loop during T celepgar signaling, Sci.
Signal. 2010; 3: ra59.

Lambeth JD. NOX enzymes and the biology of reactivggen, Nat.
Rev. Immunol. 2004; 4: 181-189.

Lanier LL. NK cell recognition. Annu Rev Immunol @B; 23: 225-74.

Le Friec G, Kemper C. Complement: coming full ciréech. Immunol.
Ther. Exp. 2009; 57: 393-407.

Lee RL, Westendorf J, Gold MR. Differential role r@factive oxygen
species in the activation of mitogen-activated gesaand Akt by key
receptors on B-lymphocytes: CD40, the B cell amtigeceptor and
CXCRA4. J. Cell Commun. Signal 2007; 1: 33-43.

87



Lee SI, Kim BS, Kim KS, Lee S, Shin KS, Lim JS. lune-
suppressive activity of punicalagin via inhibitioh NFAT activation.
Biochem. Biophys. Res. Comm. 2008; 371, 4: 799-803.

Liu Y, Yadev VR, Aggarwal BB, Nair MG. Inhibitoryfiects of black
pepper (Piper nigrum) extracts and compounds onahutamor cell
proliferation, cyclooxygenase enzymes, lipid pedaxion and nuclear
transcription factor-kappa-B. Nat. Prod. Communl®05, 8: 1253-
1257.

Lombardi ML, Terrazzano G, Cosentini E, Gargiulo Risitano A,
Camerlingo R, Sica M, Aufiero D, Poggi A, Pirozzi Guzzatto L,
Rotoli B, Notaro R, Alfinito F, Ruggiero G. Paroxyal nocturnal
hemoglobinuria: significant association with speciiLA-A, -B, -C,
and -DR alleles in an Italian population. Hum ImraLir2008; 69:202-6.

Longhi MP, Harris CL, Morgan BP, Gallimore A. Haidj T cells in
check a new role for complement regulators? Trdndaunol. 2006;
27:102-108.

Los M, Schenk H, Hexel K, Baeuerle PA, Droge W, 8z&-Osthoff K.
IL-2 gene expression and NF-kappa B activation ubho CD28
requires reactive oxygen production by 5-lipoxygend&MBO J. 1995;
14: 3731-40.

Lowry OH, Rosenbrough NJ, Farr AL, Randal RJ. Rrmote
measurement with the folin phenol reagent. J. Bo¥lem. 1951;193:
265-275.

Luzzatto L, Bessler M, Rotoli B. Somatic mutatioms paroxysmal
nocturnal hemoglobinuria: a blessing in disguise?. @997; 88: 1-4.

Luzzatto L, Bessler M. The dual pathogenesis obygmal nocturnal
hemoglobinuria. Curr Opin Hematol. 1996; 3:101-10.

Luzzatto L, Risitano AM, Notaro R. Paroxysmal naootl
hemoglobinuria and Eculizumab. Haematologica 2050523-526.

Luzzatto L. in ASH Ed . Program Book (2000), 28-34.
Luzzatto L. Paroxysmal nocturnal hemoglobinuria: asquired X-

linked genetic disease with somatic-cell mosaicisharr Opin Genet
Dev. 2006;16:317-22. Review.

88



Maciejewski JP, O'Keefe C, Gondek L, Tiu R. Immumediated bone
marrow failure syndromes of progenitor and stemscaholecular
analysis of cytotoxic T cell clones. Folia HistooheCytobiol. 2007;
45:5-14. Review.

Maciejewski JP. Immune-mediated bone marrow faikyedromes of
progenitor and stem cells: molecular analysis edtoxic T cell clones.
Folia Histochem Cytobiol 2007; 45: 5-14.

Mahadev K, Zilbering A, Zhu L, Goldstein BJ. Insubtimulated

hydrogen peroxide reversibly inhibits protein-tyrnes phosphatase 1b
in vivo and enhances the early insulin action céscd Biol Chem.

2001; 276: 21938-42.

Maia C, Campino L. Cytokine and Phenotypic Cell flkee of
Leishmania infantum Infection in the Dog. J Trop dM&012; 2012:
541-571.

Majumder D, Bandyopadhyay D, Chandra S, MukherjeBa&herjee S.
Lack of HLA-E surface expression is due to defickerof HLA-E
transcripts in the malignant hematopoietic celldeafkemic patients.
Leuk Res 2006; 30: 242-5.

Malafaia, G. Protein-energy malnutrition as a riaktor for visceral
leishmaniosis: a review. Parasite Immunol. 2009;587-596.

Malcovati L, Germing U, Kuendgen A, Della Porta MBascutto C,
Invernizzi R, Giagounidis A, Hildebrandt B, Bernasc P, Knipp S,
Strupp C, Lazzarino M, Aul C, Cazzola M. Time-deghent prognostic
scoring system for predicting survival and leukenaeolution in
myelodysplastic syndromes. J Clin Oncol. 2007;3883-10.

Malcovati L, Porta MG, Pascutto C, et al. Progreo$ictors and life
expectancy in myelodysplastic syndromes classdismbrding to WHO
criteria: a basis for clinical decision making. InQOncol 2005; 23:
7594-603.

Matarese G, Moschos S, Mantzoros CS. Leptin in imolagy. J.
Immunol. 2005; 174: 3137-3142.

Mathivanan S, Ji H, Simpson RJ. Exosomes: extiadeellorganelles

important in intercellular communication. J. Protecs 2010; 73:
1907-1920.

89



Maurya R, Kumar R, Kumar Prajapati V, Das ManandbaBacks D,
Sundar S, Nylen S. Human visceral leishmaniasisassociated with
expansion or accumulation of Foxp3+ CD4 cells inookl or spleen.
Parasite Immunology 2010; 32: 479-483.

Maxfield FR, Willingham MC, Davies PJ, Pastan I. ilses inhibit the
clustering of a2-macroglobulin and EGF on the fildagt cell surface.
Nature 1979; 277: 661-663.

Melani C, Haliassos A, Chomel JC, Miglino M, FeisaAM, Gaetani

GF, Kaplan JC, Kitzis A. Ras activation in myeloplgstic syndromes:
clinical and molecular study of the chronic phas¢he disease. Br J
Haematol. 1990; 74: 408-13.

Mengesha B, Endris M, Takele Y, Mekonnen K, Tad&ssEeleke A,
Diro E. Prevalence of malnutrition and associatsk factors among
adult visceral leishmaniosis patients in NorthwEshiopia: a cross
sectional study. BMC Res. Notes 2014; 7:75, 1-6.

Miller AF. Superoxide dismutases: ancient enzynmes i@ew insights.
FEBS Lett. 2012; 586: 585-95. Review.

Miranda S, Martorell S, Costa M, Ferrer L, RamisGharacterization
of circulating lymphocyte subpopulations in canif@shmaniasis
throughout treatment with antimonials and allopokinVeterinary
Parasitology 2007; 144: 251-260.

Mird G, Galvez R, Fraile C, Descalzo MA, Molina Rfectivity to
Phlebotomus perniciosus of dogs naturally parasitiwith Leishmania
infantum after different treatments. Parasites\auwtors 2011; 4:52, 1-
7.

Miyata T, Takeda J, lida Y, Yamada N, Inoue N, Trashi M, Maeda
K, Kitani T, Kinoshita T. The cloning of PIG-A, aomponent in the
early step of GPl-anchor biosynthesis. Science3;1999: 1318-20.

Mondola P, Annella T, Santillo M, Santangelo F. dence for
secretion of cytosolic CuZn superoxide dismutaséibg G2 cells and
human fibroblasts. Int J Biochem Cell Biol. 1998; B77-81.

Mondola P, Annella T, Seru R, Santangelo F, lossaiBielli A,
Santillo M. Secretion and increase of intracellull@uZn superoxide
dismutase content in human neuroblastoma SK-N-BIE sebjected to
oxidative stress. Brain Res Bull. 1998 Mar 15; 357-20.

90



Mondola P, Ruggiero G, Seru R, Damiano S, Grim&8diGarbi C,
Monda M, Greco D, Santillo M. The Cu,Zn superoxidismutase in
neuroblastoma SK-N-BE cells is exported by a miesisles dependent
pathway. Brain Res Mol Brain Res. 2003; 110: 45-51.

Mondola P, Santillo M, Sert R, Damiano S, Alvino Ryggiero G,
Formisano P, Terrazzano G, Secondo A, AnnunziatoCu,Zn

superoxide dismutase increases intracellular aalcievels via a
phospholipase C-protein kinase C pathway in SK-Nr@Hroblastoma
cells. Biochem Biophys Res Commun. 2004; 324: 887-9

Moreno J, Nieto J, Chamizo C, Gonzalez F, BlancdB&tker DC,
Alvar J. The immune responses in dogs with caningceval
leishmaniasis before and after, chemotherapy. Weter Inmunology
and Immunopathology 1999; 71: 181-195.

Mruk D, Cheng CH, Cheng YH, Mo MY, Grima J, Silvast B, Lee
WM, Cheng CY. Rat testicular extracellular supedexdismutase: its
purification, cellular distribution, and regulatioBiol Reprod. 1998;
59: 298-308.

Mufti GJ. Pathobiology, classification, and diagisos of
myelodysplastic syndrome. Best Pract Res Clin Haan2004; 17:
543-57.

Mujumdar AM, Dhuley JN, Deshmukh VK, Raman PH, N&R. Anti-
inflammatory activity of piperine. Jpn, J. Med. SBiol. 1990; 43, 3:
95-100.

Nadeau PJ, Roy A, Gervais-St-Amour C, Marcotte NMEssault N,
Neron S. Modulation of CD40-activated B lymphocytey N-
acetylcysteine involves decreased phosphorylatio8TorAT-3. Mol.
Immunol. 2012; 49: 582-592.

Nimnual AS, Taylor LJ, Bar-Sagi D. Redox-dependémivnregulation
of Rho by Rac. Nat. Cell Biol. 2003; 5: 236-241.

Noli C, Auxilia ST. Treatment of canine OIld Worldisgeral
leishmaniasis: a systematic review. Vet. Derm&oQ5; 16: 213-232.

Nowbakht P, lonescu MC, Rohner A, Kalberer CP, RdssMori L.
Ligands for natural killer cell-activating recepoare expressed upon
the maturation of normal myelomonocytic cells bttl@av levels in
acute myeloid leukemias. Blood 2005; 105: 3615-22.

91



O'Neill K, Guth A, Biller BJ, Elmslie RE, Dow SW. l@anges in
regulatory T cells in dog with cancer and assomntiwith tumor type.
Journal Veterinary Internal Medicine 2009; 23: &B&3t.

Oliva G, Scalone A, Foglia Manzillo V, Gramiccia ®agano A, Di
Muccio T, Gradoni L. Incidence and time course afishmania
infantum infections examined by parasitologicalrofmgical and
Nested-PCR techniques in a cohort of naive dog®s to three
consecutive transmission seasons. Journal of @linticrobiology
2006; 44:1318-1322.

Olsen [, Sollid LM. Pittfals in determining the okine profile of
human T cell. Journal of Immunological Methods 203%0: 106-112.

Ookawara T, Imazeki N, Matsubara O, Kizaki T, OhiIS, Nakao C,
Sato Y, Ohno H. Tissue distribution of immunoreastimouse
extracellular superoxide dismutase. Am J Physi@d8] 275: C840-7.

Orci L, Tagaya M, Amherdt A, Perrelet A, Donaldst@, Lippincott-
Schwartz J, Klausner RD, Rothman JE. Brefeldin Arug that blocks
secretion, prevents the assembly of nonclathritecbduds on Golgi
cisternae. Cell 1991; 64: 1183-1195.

Ordeix L, Solano-Gallego L, Fondevila D, FerreHaondati A. Papular
dermatitis due to Leishmania spp. infection in dagsh parasite-
specific cellular immune responses. Vet Dermato0= 16: 187-91.

Ortolan E, Tibaldi EV, Ferranti B, Lavagno L, Garino G, Notaro
R, Luzzatto L, Malavasi F, Funaro A. CD157 playpiaotal role in
neutrophil transendothelial migration. Blood 20068: 4214-22.

Ottonello L, Corcione A, Tortolina G, Airoldi I, Aksiano E, Favre A,
D’Agostino R, Malavasi F, Pistoia V, Dallegri F. &%lirects the in
vitro migration of human memory and naive tonsilBatymphocytes:
implication for B cell trafficking in secondary lyshoid tissues. J.
Immunol. 1999; 162: 6510-6517.

Papadogiannakis E, Andritsos G, Kontos V, Spandkp¥outis C,
Velonakis E. Determination of CD4+ and CD8+ T cells the
peripheral blood of dogs with leishmaniasis befame after prolonged
allopurinol monotherapy. The Veterinary Journal @0186: 262-263.

Papadogiannakis EI, Kontos VI, Tamamidou M, Rouateli A.
Determination of intracellular cytokines IFN- and-4 in canine T

92



lymphocytes by flow cytometry following whole-blooculture. The
Canadian Journal of Veterinary Research 2009;3731143.

Paradies P, Sasanelli M, Amato ME, Greco B, De Paldubas G.
Monitoring the reverse to normal of clinico-pathgikmal findings and
the disease free interval time using four differeetitment protocols
for canine leishmaniosis in an endemic area. Res. Sci. 2012; 93:
843-847.

Parker C, Omine M, Richards S, Nishimura J, BesMlerWare R,
Hillmen P, Luzzatto L, Young N, Kinoshita T, Ros®¥¢ Socié G.
International PNH Interest Group. Diagnosis and ag@&ment of
paroxysmal nocturnal hemoglobinuria. Blood 2005;13699-3709.

Paul WE. Fundamental Immunology. Wolters Kluwerppincott
Williams e Wilkins. 2012.

Pennisi MG, De Majo M, Masucci M, Britti D, Vitalge, Del Maso R.
Efficacy of the treatment of dogs with leishmansosith a combination
of metronidazole and spiramycin. Vet. Re.c 200%: 316-349.

Peterhans E. Reactive oxygen species and nitraeaxi viral diseases.
Biol. Trace Elem. Res. 1997; 56: 107-116.

Ploegh HL. Viral strategies of immune evasion. 8cee 1998; 280:
249-53.

Poggi A, Prevosto C, Massaro AM, Negrini S, Urb&i Pierri 1,
Saccardi R, Gobbi M, Zocchi MR. Interaction betwéeman NK cells
and bone marrow stromal cells induces NK cell ®igug: role of
NKp30 and NKG2D receptors. J Immunol. 2005; 1752680.

Procaccini C, De Rosa V, Galgani M, Abanni L, GaliPorcellini A,
Carbone F, Fontana S, Horvath TL, La Cava A, Ma&ar&. An
oscillatory switch in mTOR kinase activity sets ukgory T cell
responsiveness. Immunity. 2010; 33: 929-41.

Purushothaman D, Sarin A. Cytokine-dependent réigulaf NADPH
oxidase activity and the consequences for activatedll homeostasis.
J. Exp. Med. 2009; 206: 1515-1523.

Reca R, Mastellos D, Majka M, Marquez L, Ratajcdalranchini S,
Glodek A, Honczarenko M, Spruce LA, Janowska-WieekoA,

Lambris JD, Ratajczak MZ. Functional receptor f@aCGnaphylatoxin
is expressed by normal hematopoietic stem/progengtls, and C3a

93



enhances their homing/related responses to SDHRebdB003; 101:
3784-3793.

Reis AB, Martins-Filho OA, Teixeira-Carvalho A, Gichetti RC,
Carneiro CM, Mayrink W, Tafuri WL, Corréa-OliveiR. Systemic and
compartmentalized immune response in canine vistashmaniasis.
Veterinary Immunology and Immunopathology 2009;:12B-95.

Reis AB, Teixeira-Carvalho A, Giunchetti RC, Guetrh, Carvalho
MG, Mayrink W, Genaro O, Correa-Oliveira R, Martigho OA.

Phenotypic features of circulating leucocytes amnimological markers
for clinical status and bone marrow parasite dgnsitdogs naturally
infected by Leishmania chagasi. Clinical and Expental

Immunology 2006; 146: 303-311.

Reth M. Hydrogen peroxide as second messenger mpHgcyte
activation. Nat. Immunol. 2002; 3: 1129-1134.

Rhee SG, Bae YS, Lee SR, Kwon J. Hydrogen peroxae&key
messenger that modulates protein phosphorylatioougiin cysteine
oxidation, Sci. STKE 2000; 10: 1-6.

Rhee SG. H202, a necessary evil for cell signallBaence 2006; 312:
1882-1883.

Ribeiro RR, Moura EP, Pimentel VM, Sampaio WM, S8iN&M,
Schettini DA, Alves CF, Melo FA, Tafuri WL, DemicheC, et al.
Reduced tissue parasitic load and infectivity todsdlies in dogs
naturally infected by Leishmania (Leishmania) clsag#ollowing
treatment with a liposome formulation of meglumiaatimoniate.
Antimicrob. Agents Chemother. 2008; 52: 2564-2572.

Richards SJ, Norfolk DP, Swirsky DM, Hillmen P. Lpihocyte subset
analysis and glycosylphosphatidylinositol phenotypepatients with
paroxysmal nocturnal hemoglobinuria. Blood 1998; B299-1809.

Richards SM, Clark EA. BCR-induced superoxide niegt regulates
B-cell proliferation and T-cell-independent typ&B responses. Eur. J.
Immunol. 2009; 39: 3395-3403.

Ricklin D, Hajishengallis G, Yang K, Lambris JD. @plement: a key

system for immune surveillance and homeostasisurdaimmunol.
2010; 11: 785-97.

94



Ridley AJ, Hall A. The small GTP-binding proteinoritegulates the
assembly of focal adhesions and actin stress fiberseesponse to
growth factors. Cell 1992; 70: 389-399.

Risitano AM, Kook H, Zeng W, Chen G, Young NS, Mgeivski JP.
Oligoclonal and polyclonal CD4 and CD8 lymphocytes aplastic
anemia and paroxysmal nocturnal hemoglobinuria aredsby V beta
CDRa3 spectratyping and flow cytometry. Blood 200Q0: 178-83.

Rissetto KC, Rindt H, Selting KA, Villamil JA, HeniCJ, Reinero CR.
Cloning and expression of canine CD25 for validatad anti-human
CD25 antibody to compare T regulatory lymphocytedealthy dogs
and dogs with  osteosarcoma. Veterinary  Immunology
Immunopathology 2010; 135: 137-145.

Rodrigues OR, Marques C, Soares-Clemente M, Feardid, Santos-
Gomes GM. Identification of regulatory T cells dwgiexperimental
Leishmania infantum infection. Immunobiology 20@94: 101-111.

Roozendaal R, Carroll MC. Complement receptors Caxad CD35 in
humoral immunity. Immunol. Rev. 2007; 219: 157-166.

Rosse WF, Ware RE. The molecular basis of paroxlysmeturnal
hemoglobinuria. Blood. 1995; 86: 3277-86.

Rosse WEF. Evolution of clinical understanding: pgsmal nocturnal
hemoglobinuria as a paradigm. Am J Hematol. 1993,122-6.

Rosse WF. Paroxysmal nocturnal hemoglobinuria. Cag Microbiol
Immunol. 1992; 178: 163-73.

Rosti V, Tremml| G, Soares V, Pandolfi PP, LuzzdtfoBessler M.
Murine embrionic stem cells without PIG-A gene idtt are
competent for hematopoiesis with the PNH phenobygenot for clonal
expansion. J. Clin. Invest. 1997; 100: 1028-1036.

Rotoli B, Luzzatto L. Paroxysmal nocturnal haemaogtaria. Baillieres
Clin Haematol. 1989; 2:113-38.

Rotoli B, Luzzatto L. Paroxysmal nocturnal hemoghofia. Semin
Hematol. 1989; 26: 201-7.

Rotoli B. in: Principles of Molecular Medicine J.lameson 1998; 227-
232.

95



Ruggiero G, Sica M, Luciano L, Savoia F, CoseriniTerrazzano G.
A case of myelodysplastic syndrome associated @Gidi4(+)CD56(+)
monocytosis, expansion of NK lymphocytes and defafctHLA-E
expression. Leuk Res. 2009; 33: 181-185.

Russo M, Cocco S, Secondo A, Adornetto A, BassNAnziata A,
Polichetti G, De Felice B, Damiano S, Seru R, Mdad® Di Renzo G.
Cigarette smoke condensate causes a decreasegaithexpression of
Cu—Zn superoxide dismutase, Mn superoxide dismutgisgathione
peroxidase, catalase, and free radical-inducedimelly in SH-SY5Y
human neuroblastoma cells, Neurotox. Res. 201149-%4.

Sakaguchi S. Naturally arising Foxp3-expressing &H2D4+
regulatory T cells in immunological tolerance tdfsand nonself.
Nature Immunology 2005; 6: 345-352.

Sakarkar DM, Deshmukh VN. Ethnopharmacological Beviof
Traditional Medicinal Plants for Anticancer ActiyitInt. J. Pharm.
Tech. Res. 2011; 3, 1: 298-308.

Schubert J, Hillmen P, R6th A, Young NS, Elebute M&xer J,
Gianfaldoni G, Socié G, Browne P, Geller R, RotR#, Muus P.
TRIUMPH Study Investigators, Eculizumab a termimamplement
inhibitor, improves anaemia in patients with pargnagl nocturnal
Hemoglobinuria. Br. J. Haematol. 2008; 142: 263:272

Schubert J, Uciechowski P, Delany P, Tischler Halakus W,
Schmidt RE. The PIG-anchoring defect in NK lymphesyof PNH
patients. Blood. 1990; 76: 1181-7.

Secrist JP, Burns LA, Karnitz L, Koretzky GA, Abmh RT.
Stimulatory effects of the protein tyrosine phogpka inhibitor,
pervanadate, on T-cell activation events, J. B@ihem. 1993; 268:
5886-5893.

Seliger B, Ritz U, Ferrone S. Molecular mechanissh$iLA class |
antigen abnormalities following viral infection atrdnsformation. Int J
Cancer 2006; 118: 129-38.

Sena LA, Li S, Jairaman A, Prakriya M, Ezponda Tlidéman DA,
Wang CR, Schumacker PT, Licht JD, Perlman H, Brigde Chandel
NS. Mitochondria are required for antigen-specificcell activation
through reactive oxygen species signaling. Immugi3; 38: 225-36.

96



Senthilkumara K, Manivasagan P, Venkatesan J, Kin Brown
seaweed fucoidan: Biological activity and apoptog®wth signaling
mechanism in cancer. Int. J. Biol. Macromol. 208@3; 366-374.

Sloand EM, Rezvani K. The role ofthe immune system
myelodysplasia:implications for therapy. Semin Heyha008; 45: 39-
48.

Sloand EM, Wu CO, Greenberg P, Young NS, BarretFactors
affecting response and survival in patients witheloglysplasia treated
with immunosuppressive therapy. J Clin Oncol. 2(8;2505-2511.

Sloand EM, Wu CO, Greenberg P, Young NS, BarretFactors
affecting response and survival in patients withreloglysplasia treated
with immunosuppressive therapy. J Clin Oncol 2@8;2505-11.

Solano-Gallego L, Koutinas A, Miro G, Cardoso LnRisi MG, Ferrer
L, Bourdeau P,Oliva G, Baneth G. Directions for th@gnosis, clinical
staging, treatment and prevention of canine leishosis. Vet.
Parasitol. 2009; 165: 1-18.

Spurkland A, Sollid LM. Mapping genes and pathwayautoimmune
disease. Trends Immunol. 2006; 27: 336-42.

Stern M, Buser AS, Lohri A, Tichelli A, Nissen-DiyecC.
Autoimmunity and malignancy in hematology. More rthaan
association. Crit Rev Oncol Hematol. 2007; 63:1Q20-1

Strauss-Ayali D, Baneth G, Jaffe CL. Splenic immuesponses during
canine visceral leishmaniasis. Veterinary Resea@fly; 38: 547-564.

Sundaresan M, Yu ZX, Ferrans VJ, Irani K, FinkelRequirement for
generation of H202 for platelet-derived growth &actsignal
transduction. Science 1995; 270: 296-299.

Takeda J, Miyata T, Kawagoe K, lida Y, Endo Y, ERuji, Takahashi
M, Kitani T, Kinoshita T. Deficiency of the GPI dmar caused by a
somatic mutation of the PIG-A gene in paroxysmalctamal
hemoglobinuria. Cell. 1993, 73: 703-11.

Tefferi A, Vardiman JW. Myelodysplastic syndromésEngl J Med.
2009; 361:1872-85. Review.

Terrazzano G, Alfinito F, Palatucci AT, Rubino V.,egad RD,
Giovazzino A, Ruggiero G. HLA-E and HLA class | raoliles on bone

97



marrow and peripheral blood polymorphonuclear cellsf
myelodysplatic patients. Leuk Res. 2013; 37: 169-74

Terrazzano G, Cortese L, Piantedosi D, ZappacostBi3.oria A,
Santoro D, Ruggiero G, Ciaramella P. Presencetopéatelet IgM and
IgG antibodies in dogs naturally infected by Leistmia infantum.
Veterinary Immunology and Immunopathology 2006;:13%1-337.

Terrazzano G, Rubino V, Damiano S, Sasso A, PatlhaZ, Ucci V,
Palatucci AT, Giovazzino A, Santillo M, De Felice, Barbi C,
Mondola P, Ruggiero G. T cell activation inducesZ@wsuperoxide
dismutase (SOD)-1 intracellular re-localization, oguction and
secretion. Biochim Biophys Acta. 2014; 1843: 265-74

Terrazzano G, Rubino V, Palatucci AT, GiovazzinoAkxnunziatella
M, Vitagliano O, Alfinito F, Ruggiero G. Natural ller expansion,
human leukocyte antigens-E expression and CD14(B56C+)
monocytes in a myelodysplastic syndrome patient. EuHaematol.
2013; 91: 265-9.

Terrazzano G, Sica M, Becchimanzi C, Costantini R&toli B,
Zappacosta S, Alfinito F, Ruggiero G. T cells froparoxysmal
nocturnal haemoglobinuria (PNH) patients show aered CD40-
dependent pathway. Journal of Leukocyte Biology=20®: 27-36.

Terrazzano G, Sica M, Gianfrani C, Mazzarella G,usMao F, De
Giulio B, et al. Gliadin regulates the NK-dendritiell cross-talk by
HLA-E surface stabilization. J Immunol 2007; 1792381.

Thannickal VJ, Day RM, Klinz SG, Bastien MC, Laridsl, Fanburg
BL. Ras-dependent and independent regulation oftivea oxygen
species by mitogenic growth factors and TGF-belsdSEB J. 2000;
14:1741-8.

Thery C, Amigorena S, Raposo G, Clayton A. Isolatiand
characterization of exosomes from cell culture sog&nts and
biological fluids, Curr. Protoc. Cell Biol. 2006;32-30.

Thery C, Ostrowski M, Segura E. Membrane vesickesanveyors of
immune responses. Nat. Rev. Immunol. 2009; 9: 381-5

Torres M, Bardagi M, Roura X, Zanna G, Ravera irdte_. Long term
follow-up of dogs diagnosed with leishmaniosisrdal stage Il) and
treated with meglumine antimoniate and allopuriret. J. 2011; 188:
346-351.

98



Turner BJ, Atkin JD, Farg MA, Zang DW, Rembach Agpes EC,
Patch JD, Hill AF, Cheema SS. Impaired extracallidacretion of
mutant superoxide dismutase 1 associates with teedcdy in familial

amyotrophic lateral sclerosis. J Neurosci. 2005;128-17.

Urushitani M, Ezzi SA, Matsuo A, Tooyama |, JulielP. The
endoplasmic reticulum-Golgi pathway is a targettfanslocation and
aggregation of mutant superoxide dismutase linkedltS. FASEB J.
2008; 22: 2476-87.

Urushitani M, Sik A, Sakurai T, Nukina N, Takahaghj Julien JP.
Chromogranin mediated secretion of mutant supeeodismutase
proteins linked to amyotrophic lateral sclerosisat Mleurosci. 2006;
9:108-18.

Ushio-Fukai M, Griendling KK, Akers M, Lyons PR, é&ander RW.
Temporal dispersion of activation of phospholipa8detal and -
gamma isoforms by angiotensin Il in vascular smowilscle cells.
Role of alphag/11, alphal2, and beta gamma G prstéiunits. J Biol
Chem. 1998; 273: 19772-7.

Vouldoukis I, Conti M, Krauss P, Kamate C, Blazquez Tefit M,
Mazier D, Calenda A, Dugas B. Supplementation wgieadin-
combined plant superoxide dismutase extract prosnatetioxidant
defences and protects against oxidative stressofPley. Res. 2004a;18,
12: 957-962.

Vouldoukis |, Lacanc D, Kamate C, Coste P, Alpho&denda A,

Mazier D, Conti M, Dugas B. Antioxidant and antflammatory

properties of a Cucumis melo LC extract rich inegpide dismutase
activity. J. Etnopharmacol. 2004b; 94, 1: 67-65.

Wang G, Alamuri P, Maier RJ. The diverse antioxidaystems of
Helicobacter pylori, Mol. Microbiol. 2006; 61: 8460.

Warren HS, Christiansen FT, Witt CS. Functionalibtbry human
leucocyte antigen class | receptors on naturakrki(NK) cells in
patients with chronic NK lymphocytosis. Br J Haeaha2003; 121:
793-804.

Wilcox LA, Ezzell JL, Bernshaw NJ, Parker CJ. Malke basis of the

enhanced susceptibility of the erythrocytes of pgsmal nocturnal
hemoglobinuria to hemolysis in acidified serum.&l01991; 78:820-9.

99



o Zeng W, Miyazato A, Chen G, Kajigaya S, Young N&di¢jewski JP.
Interferongamma-induced gene expression in CD34:adentification
of pathologic cytokine-specific signature profileBlood 2006; 107:
167-75.

0 Zinkernagel RM, Doherty PC. Restriction of in vitiocell-mediated

cytotoxicity in lymphocytic choriomeningitis withira syngeneic or
semiallogeneic system. Nature 1974; 48: 701-2.

100



PUBLICATIONS:

Alfinito F, Ruggiero G, Sica M, Udhayachandran Rubino V, Pepa RD,
Palatucci AT, Annunziatella M, Notaro R, RisitanoMA Terrazzano G.
“Eculizumab treatment modifies the immune profilé BNH patients”.
Immunobiology. 217(7):698-703; 2012 Jul; doi: 1A&(.imbio.2011.11.009.
Epub 2011 Dec 3. PMID: 22206707.

Terrazzano G, Alfinito F, Palatucci ARubino V, Pepa RD, Giovazzino A,
Ruggiero G. “HLA-E and HLA class | molecules on bomarrow and

peripheral blood polymorphonuclear cells of myekulgtic patients”. Leuk

Res. 37(2):169-74; 2013 Feb; doi: 10.1016/j.leuR@52.09.015. Epub 2012
Oct 3. PMID: 23040534.

Terrazzano GRubino V, Palatucci AT, Giovazzino A, Annunziatella M,
Vitagliano O, Alfinito F, Ruggiero G. “Natural kédk expansion, human
leukocyte antigens-E expression and CD14(+) CD5@f¥nocytes in a
myelodysplastic syndrome patient”. Eur J Haem&a[(3):265-9; 2013 Sep;
doi: 10.1111/ejh.12152. Epub 2013 Jun 28. PMID:32338.

Cortese L, Annunziatella M, Palatucci ARubino V, Piantedosi D, Di Loria
A, Ruggiero G, Ciaramella P, Terrazzano G. “Reguiafl cells, Cytotoxic T
lymphocytes and a T(H)1 cytokine profile in dogstunally infected by
Leishmania infantum”. Res Vet Sci. 95(3):942-9; 201Dec; doi:
10.1016/j.rvsc.2013.08.005. Epub 2013 Aug 22. PNMADD79840.

Terrazzano GRubino V, Damiano S, Sasso A, Petrozziello T, Ucci V,
Palatucci AT, Giovazzino A, Santillo M, De Felice Barbi C, Mondola P,
Ruggiero G. “T cell activation induces CuZn supédexdismutase (SOD)-1
intracellular re-localization, production and seéione&’. Biochim Biophys Acta.
1843(2):265-74; 2014 Feb; doi: 10.1016/j.bbamcr200.020. Epub 2013 Oct
31. PMID: 24184207.

Laura Cortese, Mariangela Annunziatella, Anna Taeré%alatucci, Sarah
Lanzilli, Valentina Rubino, Sara Centenaro, Gianandrea Guidetti, Sergio
Canello, Giuseppe Terrazzano. “The effect of an imenmodulating diet on
immune system of dogs naturally infected by Leishiaalnfantum”.

(Submitted)

Massimo Sabbatini, Giuseppina Ruggiero, Anna TeRsatucci,Valentina

Rubino, Stefano Federico, Angela Giovazzino, Luca Ap#&elMarianna
Santopaolo, Giuseppe Matarese, Mario Galgani, @pesderrazzano. “A role
for an oscillatory mTOR inhibition in kidney trarlaptation tolerance”.

(Submitted)

101



Immunobiology 217 (2012) 698-703

journal homepage: www.elsevier.de/imbio

Contents lists available at SciVerse ScienceDirect

Immunobiology

Eculizumab treatment modifies the immune profile of PNH patients

Fiorella Alfinito®!, Giuseppina Ruggiero®*1!, Michela Sica¢, Annapoorani Udhayachandran®,
Valentina Rubino®, Roberta Della Pepa?, Anna T. Palatucci®, Mariangela Annunziatella®,
Rosario Notaro¢, Antonio M. Risitano?, Giuseppe Terrazzano "4

a Department of Biochemistry and Biomedical Technologies, University of Naples Federico II, Italy
b Department of Cellular and Molecular Biology and Pathology “L. Califano”, University of Naples Federico II, Italy

¢ CORE Research Lab, Istituto Toscano Tumori, Florence, Italy
d Department of Chemistry, University of Basilicata, Italy

ARTICLE INFO ABSTRACT

Article history:

Paroxysmal Nocturnal Haemoglobinuria (PNH)is due to pathological expansion of a stem progenitor bear-
ing a somatic mutation of PIG-A gene involved in the biosynthesis of the glycosyl-phosphatidyl-inositol
(GPI)anchor. Numerous data suggest arole forimmune-mediated mechanisms in the selection/expansion
of GPI-defective clone. Haemolytic anaemia in PNH is dependent on the effect of complement against
GPI-defective red cells. Eculizumab, an anti-C5 monoclonal antibody, is dramatically effective in control-
ling haemolysis and thrombosis, in reducing fatigue and in improving quality of life of patients. However,
this therapy presents new challenges that need to be properly faced.

Here, we report the decrease in B, Natural Killer (NK) and regulatory T cells (Treg), an altered cytokine
profile of invariant-NKT cells (NKTi) and the increasing of C-X-C chemokine receptor type 4 (CXCR4)
Immune-regulation receptor in PNH patients before the Eculizumab therapy. Treatment significantly affects some of these
Immune therapy alterations: after Eculizumab, the number of B lymphocytes, the cytokine secretion of NKTi and CXCR4
PNH expression on CD8 T cells became similar to healthy donors. No effects were observed on NK and Treg.
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The amplitude of the GPI-defective compartment remained unchanged.

© 2011 Elsevier GmbH. All rights reserved.

Introduction

PNH is a rare acquired clonal disorder of haematopoiesis with
an estimated prevalence in the western population around 1-5
cases per million. It is characterized by haemolytic anaemia,
thrombophilia and cytopenia resulting in serious life-threatening
complications and early mortality (Luzzatto 2006). PNH is due to
the expansion of a stem progenitor bearing a somatic mutation
of the PIG-A gene in a context of a bone marrow failure condi-
tion. Since the PIG-A gene is required for the synthesis of the GPI
anchor, the PIG-A-defective cells do not bear those molecules need-
ing for GPI to be expressed on cell surface. The absence of the
GPI-linked complement inhibitor CD55 and CD59 molecules on red
cells explains complement-mediated haemolysis in PNH patients.

Abbreviations: BM, Bone Marrow; CXCR4, C-X-C chemokine receptor type 4; GPI,
glycosyl-phosphatidyl-inositol; IFN-v, interferon-gamma; IL-4, interleukin-4; IL-17,
interleukin-17; NKTi, invariant-NKT cells; mAb, monoclonal antibody; NK, Natural
Killer; PNH, Paroxysmal Nocturnal Haemoglobinuria; Treg, regulatory T cells; SDF-1,
stromal cell-derived factor-1.
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Platelet surface activation by small amounts of complement, uroki-
nase plasminogen receptor (UPAR) deficiency and the release of
free haemoglobin by chronic haemolysis might explain throm-
bophilia, while the origin of the underlying bone marrow failure is
still unknown (Luzzatto 2006). The effect of the complement dys-
regulation on GPI-defective cells on the immune effectors of PNH
patients needs to be investigated.

GPI defective clones have been identified in healthy controls
and PIG-A KO murine models are unable to fully mimic a PNH syn-
drome. These observations strongly suggest that PIG-A mutation is
insufficient to account for the dominance and development of PNH
clones and that some extrinsic selective pressure might favour the
preferential expansion of the GPI-defective compartment. Several
evidences suggest the involvement of T-cell-dependent autoim-
mune mechanisms in the expansion of GPI-defective progenitors
in PNH patients (Luzzatto et al. 1997; Karadimitris et al. 2000;
Luzzatto 2006). The possibility that NK cells might directly partic-
ipate in PNH pathogenesis has been also proposed (Hanaoka et al.
2006).

Therapeutic approach with Eculizumab, a humanized anti-C5
monoclonal antibody, is able to inhibit the terminal complement
activation, successfully reducing intravascular haemolysis as well
as thrombosis in PNH. Several clinical trials have demonstrated that
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Table 1

Patient clinical and haematological characteristics.
Parameters [PNH patients (N=34)] Mean +SD
Male/female ratio 21/13
Mean age (years) 45.62+16
Haemoglobin (g/dL) 9.83+1.48
White blood cell count (x10°/L) 3.95+0.78
Neutrophil count (x10°/L) 2.37+0.69
Lymphocyte count (x109/L) 144+0.6
Platelet count (x10°/L) 141.6+39
Reticulocyte count (%) 42424
Neutrophil CD66b~ (%) 80.87+17.2

such therapy reduces or eliminates transfusion requirement, signif-
icantly improving the quality of life in PNH patients (Hillmen et al.
2006; Schubert et al. 2008).

Eculizumab mAb binds to human C5 complement protein pre-
venting its cleavage in C5a and C5b and the subsequent formation
of the membrane attack complex. The potential consequences of
complement inhibition are of concern, since the complement sys-
tem has evolved as a key part of innate immune system and it has
a relevant role in modifying both the innate and adaptive immune
response (Carroll 2004a; Le Friec and Kemper 2009; Ricklin et al.
2010).

Eculizumab treatment could represent an useful tool for
the study of complement-dependent immune-alterations in PNH
patients.

Here, we examined the effect of Eculizumab treatment
on innate and adaptive immune effectors in a cohort of 34
PNH patients. Moreover, we investigated whether complement
inhibition might interfere with the selection/expansion of the GPI-
defective haematopoiesis.

Materials and methods
Patients

The study was conducted in 34 Italian PNH patients. Clini-
cal characteristics are reported in Table 1. Diagnosis was made
according to International PNH Interest Group Criteria (Parker
et al. 2005). All patients showed primary haemolytic PNH with a
large GPI-defective granulocyte population (CD66b~ and/or CD59~
granulocytes >50%). No patients showing bone marrow failure
with emergence of PNH clones (i.e. Aplastic Anaemia/PNH syn-
drome or Hypoplastic PNH) were enrolled in the study (Brodsky
2008). Notably, some of the patients were on Eculizumab treat-
ment for more than 48 months. Biological samples were collected
by venipuncture according to standard procedures and used within
the 3h from the collection. Informed consent was obtained in
accordance with the Declaration of Helsinki, as approved within
the study protocol by the Institutional Review Board at the Fed-
erico Il University of Naples. Patients were studied at diagnosis,
before any treatment; 17 of them were retested after at least six
months of Eculizumab therapy; 14 patients were tested at least
three times before and after Eculizumab treatment. None of PNH
patients received immune-suppressive therapies or other treat-
ments potentially interfering with immune responses.

Immunofluorescence and flow cytometry

Blood samples from patients and controls were analyzed by
immunofluorescence and flow cytometry by using a two laser
equipped FACScalibur apparatus and the CellQuest analysis soft-
ware (Becton Dickinson). FITC, PE, Cychrome and APC labelled
mAbs against CD3, CD4, CD25, FoxP3, CD45, CD8, CD16, CD56,
NKTi, CD19, CD20, CD45, Interferon (IFN)-v, Interleukin (IL)-4 and

isotype-matched controls were purchased from Becton Dickinson
PharMingen, San Jose, CA.

To analyze the production of IFN-y and IL-4, purified periph-
eral blood mononuclear cells were cultured overnight in presence
of PMA and ionomycin. Intracellular staining with the specific
mAbs was performed by a fixing/permeabilization kit (Caltag,
Burlingame, CA), following manufacturer’s instructions. To avoid
extracellular cytokine export, the cultures were incubated in the
presence of 5 pg/mL of Brefeldin-A (Sigma-Aldrich, St. Louis, MO),
as described (Terrazzano et al. 2005).

All phenotypes referred to flow cytometry analysis of the lym-
phocyte population gated by using FSC and SSC parameters, as well
as CD45 labelling. We choose to evaluate T, B, NK, NKTi and Treg
populations. Cytokine profile (IFN-vy, IL-4, IL-17) was analyzed in
NKTi effectors, as major players in driving cytokine polarization. In
order to evaluate bone marrow (BM) homing of such effectors we
also evaluated their expression of CXCR4 (Pelus 2008).

Statistical analysis

Statistical evaluation of data, by using software InStat 3.0
(GraphPad Software Inc., San Diego, CA, USA), has been performed
by means of the Mann-Whitney test. Comparisons in the paired
samples were evaluated by means of the Wilcoxon matched-pairs
signed-rank test. Two-sided P values of less than 0.05 were consid-
ered to indicate statistical significance and were not adjusted for
multiple testing.

Results

Fig. 1 shows the immune profile of our cohort of PNH patients.
A significant reduction of B lymphocytes, NK cells and Treg with
an increased number of NKTi effectors were found (Fig. 1A-D). As
shown, Eculizumab treatment significantly modified B and NKTi
levels in patients, restoring normal values (Fig. 1A and C). No effect
was observed on the NK and Treg subsets (Fig. 1B and D). Using
Wilcoxon matched-pairs signed-rank test has always performed
comparison of values before and on Eculizumab therapy in the same
patients. Each reported value represents a mean of at least three
longitudinal evaluations obtained at a six month interval before and
after Eculizumab treatment. Panel E indicate the B and NK cell num-
ber observed in two exemplificative patients along the study. No
significant differences have been observed in the peripheral white
cell count of the patients before and on Eculizumab treatment (not
shown). Percentages confirmed observations on absolute numbers
for B, NK and NKTi effectors. No significant difference in the per-
centage of Treg cells was observed between controls and patients,
before or after Eculizumab therapy (data not shown). The ability of
Treg to inhibit T lymphocytes proliferation and IFN-y production
was normal before and on therapy (data not shown).

Fig. 2 reports the analysis of cytokine production profile of NKTi
effectors. As shown, NKTi cytokine secretion profile was character-
ized by a significant decrease of [FN-y and IL-17 and by an increase
of IL-4 production in the PNH cohort. On Eculizumab therapy,
the cytokine patterns became comparable with normal controls
(Fig. 2A-C).

Fig. 3 reports the analysis of the surface expression of CXCR4
molecule on NKTi, NK and CD8 T cells. As shown, signifi-
cantly higher CXCR4 expression than healthy donors characterized
all these lymphocyte subsets from PNH patients. Eculizumab
treatment normalized CXCR4 expression on CD8 T cells, while
no significant effect was observed on NKTi and NK subsets
(Fig. 3A-D). The amplitude of the GPI-defective compartment
remained unchanged in all the patients enrolled in the study (not
shown).
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Fig. 1. Analysis of B, NK, NKTi and Treg lymphocytes in PNH patients before and on Eculizumab treatment. As indicated, panels A-D refer comparative analysis of B, NK,
NKTi and Treg lymphocytes in PNH patients before (BT) and on (OT) at least six months of Eculizumab treatment. The analysis has been performed by considering the values
obtained in the same patients before and after Eculizumab therapy. For the patients, each value represents a mean obtained in at least three independent evaluations before
and after treatment. Statistical analysis has been performed by Wilcoxon matched-pairs signed-rank test. Panel E shows longitudinal evaluation of B (squares) and NK (circles)
lymphocytes in two representative patients (full and empty symbols, respectively) along the study. Ty indicates the beginning of Eculizumab treatment.

Discussion

Here, we describe for the first time the occurrence of Treg
reduction and NKTi increase in untreated PNH patients as well
as the ability of Eculizumab therapy to selectively restore B
and NKTi peripheral concentration without significant interfer-
ence on NK and Treg numbers. These results confirm previous

other and our data (Schubert et al. 1990; Alfinito et al. 1996;
Richards et al. 1998) on the reduced number of B and NK cells
in PNH.

Since Eculizumab modifies some of the alterations here
described in untreated patients, we hypothesize their depen-
dence on complement-mediated pathway/s. Thus, the lack of the
GPI-linked complement regulatory proteins on the surface of the
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OT) Eculizumab therapy. The analysis has been performed by immune-fluorescence and Flow Cytometry detection

after a 16-18 h culture in the presence of PMA and lonomycin. For each sample, a minimum of 5000 events in the region of NKTi lymphocytes has been acquired. Statistical
analysis has been performed by Mann-Whitney test. For five of the patients, the results have been confirmed in at least three independent experiments.

GPI-defective cells is able to mediate significant quantitative alter-
ations of B and NKTi effectors.

It is worth noting that the size of PNH clone remains substan-
tially unmodified in Eculizumab treated patients. This evidence
suggests that the correction of complement hyper activation is

unable torevert theimmune-mediated mechanismsinvolved in the
selection and dominance of PNH precursors (Luzzatto et al. 1997;
Karadimitris et al. 2000; Luzzatto 2006).

The absence of the GPI-linked CD55 and CD59 molecules in PNH
cells has been largely observed to mediate enhanced complement
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Fig. 3. Analysis of CXCR4 expression on NK, NKTi, Treg and CD8 T cells of PNH patients before and on Eculizumab treatment. As indicated, panels A-D represent CXCR4
expression on NK, NKTi, Treg and CD8 T lymphocytes obtained from PNH patients before (BT) and on (OT) Eculizumab therapy. Statistical analysis has been performed by
Mann-Whitney test. For five of the patients the results have been confirmed in at least three independent experiments.
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activation, likely accompanied by an altered bio-availability of C3
and C5 activation fragments (Luzzatto et al. 2010). The blockade
of C5 by Eculizumab (Hillmen et al. 2006; Schubert et al. 2008;
Luzzatto et al. 2010) acts on this process, probably modifying the
availability of complement fragments. Such altered availability of
C3 and C5 activation fragments could play a major role in mediating
the effects here described.

Interaction of C3 and C5 fragments with their cognate receptors
on adaptive immune cells has been described to induce pleiotropic
effector functions, thus translating the danger information into
defined T and B cell responses (Carroll 2004b; Le Friec and Kemper
2009; Ricklin et al. 2010). Complement fragments regulate B cell
proliferation, activation and trafficking (Carroll 2004a; Ottonello
et al. 1999; Roozendaal and Carroll 2007) and finely tune T cell
cytokine patterns (Longhi et al. 2006). In addition, C3 and C5
fragments also interfere with the stromal cell-derived factor-1
(SDF-1)/CXCR4 axis, crucial for BM homing regulation (Reca et al.
2003).

In PNH patients, we observed a decreased IFN-y and IL-17 pro-
duction with increased IL-4 secretion by peripheral NKTi cells.
Eculizumab treatment modifies this cytokine profile by increas-
ing IFN-y and IL-17 and lowering IL-4. These data, according with
previous observations (Longhi et al. 2006; Liu et al. 2005; Heeger
et al. 2005), suggest a role for complement fragments in polariz-
ing T cell responses. Moreover, mouse model defective for CD55
(Daf 1/~ mice) showed as an altered production of IFN-y by T
cell is strongly dependent on functional complement system: this
alteration is reverted when Daf 1/~ mice are backcrossed with
complement-deficient mice (C3~/~ mice) or treated in vivo with a
neutralizing anti-C5 antibody (Longhi et al. 2006; Liu et al. 2005;
Heeger et al. 2005).

In addition, deacylated complement activated fractions could
interfere with PNH cytokine profile trough enhanced metabolic
activity (Cianflone et al. 2003).

Here, we report that CXCR4, the molecule mainly responsible for
BM recruitment, was significantly higher in untreated PNH patient
than controls on NKTi, CD8 and NK cells. Eculizumab treatment
normalized CXCR4 expression on CD8 T cells; these changes could
be mediated by C3 and C5 cleavage fragments that have been
observed to perturb leukocyte BM retention acting on the SDF-
1/CXCR4 axis (Reca et al. 2003). In addition, the modified cytokine
profile observed after Eculizumab could be involved in modulat-
ing CXCR4 expression on T cells since IFN-y has been observed to
inhibit CXCR4 expression (Shirazi and Pitha 1998), while IL-4 can
induce opposite effects (Jourdan et al. 2000).

Moreover, the ability of Eculizumab treatment to restore NKTi
peripheral levels suggests the involvement of still unknown
complement-dependent mechanism/s for this alteration.

Finally, NK and Treg alterations seem not to be influenced by
Eculizumab, thus suggesting their independence on Complement
related pathways. Since similar alterations have been described in
Aplastic Anaemia and Myelodysplastic Syndromes (Kiladjian et al.
2006; Kotsianidis et al. 2009; Alfinito et al.2010), we can argue their
involvement in the immune-mediated pathogenesis of BM failure
disease that underlies PNH.

Taken in all our data suggest that the unbalanced complement
activation on the surface of GPI-defective cells mediates significant
alteration of immune effectors in PNH patients without significant
interference with the immune-mediated mechanisms under-
lying the selection/expansion of GPI-defective haematopoiesis.
Eculizumab treatment is able not only to correct the effect of Com-
plement hyper-activation on red cells, but is also able to normalize
complement-dependent alteration of immunological targets. This
observation suggests that changes in the immune-profile could be
of some relevance for the amelioration of immune response in the
PNH patients on Eculizumab treatment. The effects, here described,

could get new insight into the investigation of PNH pathogenesis
and into the pleiotropic effects of Eculizumab therapy.
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are lacking.

Relevance of immune-dysregulation for emergence, dominance and progression of dysplastic clones in
myelodysplastic syndromes (MDS) was suggested, but valuable or predictive criteria on this involvement

We previously reported that reduced T-regulatory cells (Treg) and high CD54 expression on T cell
identify a sub-group of patients in whom an immune-pathogenesis might be inferred.

Here, we suggest the occurrence of immune-selection of dysplastic clones in a subgroup of MDS

Keywords:

patients, with reduced HLA-I and HLA-E on PMN, and propose that an altered immune profile might

MDS represent a valuable criterion to classify Low/Int-1 patients on the basis of immune-pathogenesis of

HLA-I MDS.
HLA-E

NK

CTL

Immune-profile

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

MDS are haematological clonal disorders characterised by inef-
fective haematopoiesis, with a large degree of cytopenia and an
incremental risk of leukaemia progression [1].

Emergence of the dysplastic clones in MDS is believed to repre-
sent the consequence of several clonal cytogenetic abnormalities of
bone marrow (BM) stem cells. More recently, it has been proposed
that inflammatory microenvironment and an altered immune
response in BM could be relevant for the emergence, expansion
and dominance of dysplastic clones in a sub-group of MDS patients
[2-6]. Dysregulation of immune response has been also suggested
in the pathogenesis of BM failure occurring in Aplastic Anaemia
(AA) and Paroxysmal Nocturnal Hemoglobinuria (PNH) [4,7,8]. In
support of immune-mediated pathogenesis is also the efficacy of
immune-suppressive therapies in MDS [5,9,10], even if valuable
criteria to predict clinical response to such therapies are still lack-
ing.

Leukaemia risk represents one of the major criterion to classify
MDS patients according to International Prognostic Scoring System

* Corresponding author at: Dipartimento di Scienze, Universita della Basilicata,
Via N. Sauro, 85, 85100 Potenza, Italy. Tel.: +39 0817463059; fax: +39 0817463252.
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(IPSS) [11], but several reports indicates the need for a better strat-
ification of MDS patients, especially in Low Risk group [12] and a
revised IPSS score (IPSS-R) is expected to be published [13].

The identification of the sub-groups of MDS patients in which
immune-mediated mechanism could be involved in the selection
of dysplastic progenitors could be of some relevance to improve
MDS clinical management.

A complex scenario ofimmune-mediated mechanisms may con-
tribute to the altered haematopoiesis in MDS: i.e., the impairment
of erythroid and granulocytic progenitors caused by CD8* T lym-
phocytes [2], the evidence of oligoclonal CD8* T cells in BM [4], the
presence of cytotoxic T cell (CTL) and Natural Killer (NK) effectors
able to recognise and kill BM precursors [6,14], the occurrence of
immune-tolerance dysregulation [3,5] and the presence of a pro-
inflammatory cytokine microenvironment in BM [15].

The expression of NK ligands during BM maturation suggests
the involvement of NK in the control of haematopoiesis [16].

A major role for Human Leucocyte Antigen (HLA)-E, a non-
classical HLA molecule, in regulating NK activity was largely
demonstrated [17]. HLA-E is expressed by a variety of immune and
non-immune cells [6,18,19] and its defects have been described in
some haematopoietic diseases [6,20]. Moreover, an altered expres-
sion of the HLA-E receptors CD94/NKG2 was associated to chronic
NK lymphocytosis, LGL disorders and to the selection of dysplastic
progenitors in MDS [6,21,22].
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Fig. 1. HLA-E expression on PB and BM cells. (A) Mean of immunofluorescence (MIF) graph for HLA-E on BM GC and on PB PMN in Low, Int-1, AIP and NIP patients. A p
value <0.05 has been considered significant and (B) staning profiles for HLA-E on BM GC as compared with peripheral PMN in one representative MDS patient: BM GC profile

(dotted line), PB PMN (bold plain line) and isotype control (plain line).

Alteration of Regulatory T cells (Treg) was described in MDS
[23-25]. In this context, the observed increasing percentage of Treg
in the High Risk patients might favour the leukaemia progression by
suppressing the immune response against dysplastic clones. Treg
defects could promote the immune-mediated clearing of healthy
BM precursors by auto-reactive T cell effectors in the Low/Int-1
Risk group [23-25].

We evidenced [25] that low levels of Treg and high CD54
expression on CTL in BM identify a sub-group of Low/Int-1 risk
MDS patients in whom immune-mediated mechanisms are likely
involved in the emergence/dominance of the dysplastic precursors.

HLA-I represents the restriction element for CTL recognition in
physiological and pathological conditions [26,27]. Defective HLA-I
expression was described as a major immune escape mechanism
from CTL recognition for virus infected and transformed cells
[28,29].

Here, we investigated if the above grouping criteria (low Treg
and high CD54 expression on CTL in BM) could identify a subgroup
of MDS patients in whom immune-mediated/CD8-dependent
mechanisms could play a role in the emergence/expansion of dys-
plastic precursors. To analyse the selection mechanisms operating
in dysplastic BM, we focused on PMN and their BM precursors
investigating on the expression level of HLA-E and HLA-I, as major
regulating elements for NK and CTL effectors in Low/Int-1 MDS
patients.

2. Design and methods
2.1. Patients and controls

We examined whole BM and peripheral blood (PB) specimens of 30 MDS
patients belonging to Low Risk and Int-1 Risk groups. BM and PB sample collec-
tion, haematological investigation, cytogenetics were performed according to the
WHO recommendations and IPSS score [11,12]. 17 patients belonged to Low Risk
Group (4 refractory anaemia, RA, 8 refractory cytopenia with multilineage dysplasia,
RCMD, 2 refractory neutropenia, RN, 3 refractory thrombocytopenia, RT), and 13 to
Intermediate-1 (Int-1) Risk Group (2 RA, 8 RCMD, 3 RN). BM and PB samples from
MDS patients were obtained during routine diagnostic procedures. Informed con-
sent was obtained from each individual patient. Local Ethical Committee approved
the study.

None of the patients has been receiving medical treatments that could have
an impact on their immune condition. Patients were devoid of immune-mediated
diseases and acute or chronic viral infections to avoid any interference on immune-
regulatory mechanisms. A group of 26 healthy blood donors were recruited in the
study as controls.

All the MDS patients were clustered in two sub-groups, according to their BM
Treg levels and CD54 expression on BM CTL, as described [25]. Briefly, 14 MDS
patients showing a Treg percentage in BM > 2% of the lymphocyte population or
a ratio <10 between the mean intensity fluorescence (MIF) for CD54 on BM CD8 T
cells and the control MIF value, obtained after staining of the same cell population
with the isotype control mAb, were considered with normal immune profile (NIP).

At variance, 16 MDS patients showing a Treg percentage in BM < 2% of the lympho-
cyte population or a ratio >10 between the mean intensity fluorescence (MIF) for
CD54 on BM CD8 T cells and the control MIF value obtained after staining of the
same cell population with the isotype control mAb, were considered with altered
immune profile (AIP).

2.2. mAb, immunofluorescence, and flow cytometry

FITC, PE, Cychrome and APC labelled mADb against CD3, CD4, CD8, CD56, CD19,
CD10, CD25, CD45, CD54 and isotype-matched controls were purchased from
BD PharMingen (San Jose, CA). Biotin labelled HLA-E mAb clone MEM-E/07, FITC
labelled MHC-I mAb clone W6/32 and PE labelled avidin, were purchased from
Sigma-Aldrich, Milan, Italy. To analyse Foxp3 expression, intracellular staining was
performed by anti-human Foxp3 kit (eBioscience San Diego, USA), following the
manufacturer’s instructions. Treg subset was identified as the high CD25 expressing
CD4*CD3* population appearing as a tail, with a slightly but reproducible lower CD4
expression, distinct from the major CD4 population containing both the CD25 low
and negative cells [25]. These cells were observed to express Foxp3 at a percent-
age >98%, as described [25]. All phenotypes referred to flow cytometry analysis of
the lymphocyte population gated by using forward scatter (FSC) and Side Scatter
(SSC) parameters, as well as CD45 labelling. Flow cytometry and data analysis were
performed by a two laser equipped FACScalibur apparatus and CellQuest software
(Becton Dickinson).

2.3. Statistical analysis

BM and PB values were compared in the paired samples by means of the
Wilcox on matched-pairs signed-rank test. Comparisons between MDS patients and
controls were performed by Mann-Whitney test. The corrected p value (p.) was
calculated by applying Bonferroni adjustment for multiple comparisons.

3. Results

3.1. HLA E molecule on peripheral PMN of Low and Int-1 risk
MDS patients is significantly increased as compared with GC in
BM, regardless the immune-profile

To analyse whether immune-dependent mechanisms could
affect the selection of dysplastic compartment in our cohort of Low,
Int-1 risk MDS patients categorised according to their immune pro-
file [25], we evaluated the HLA-E expression on BM granulopoietic
compartment (GC) versus PB PMN on paired samples. As shown
in Panel A of Fig. 1, HLA-E levels on peripheral PMN are signifi-
cantly higher than on BM GC. No significant differences have been
observed between peripheral PMN from patients and healthy con-
trols or if the patients were grouped according with their immune
profile in BM (AIP vs NIP) and with their clinical classification (RA,
RMCD, RN, RT) (see Section 2.1) (data not shown).

Higher HLA-E expression on PB PMN could be dependent on
a specific up-regulation of the molecule on circulating PMN or it
could derive from a preferential selection of a BM precursor show-
ing higher HLA-E expression. Thus, we analysed the staining profile
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Fig. 2. HLA-Ion PB and BM cells. (A) MIF graph for HLA-I expression on BM GC and PB PMN in Low, Int-1 AIP and NIP patients. A p value < 0.05 has been considered significant,
(B) HLA-I levels on PB PMN of patients and controls and (C) staining profile for HLA-I in one representative AIP patient: BM GC (dotted line), PB PMN (bold plain line) and

isotype control (plain line).

of HLA-E on BM GC. As showed in Fig. 1B, two distinct populations
with different HLA-E expression levels are present in the BM GC.
Therefore, peripheral PMN seems to belong to the BM GC subset
with higher HLA-E expression.

Since HLA-E molecules are believed to preferentially regulate
NK-cytotoxicity [17-19], these data suggest the involvement of NK
effectors in the selection of PMN in our cohort of MDS patients.

3.2. Occurrence of an altered immune profile in BM is associated
with significant decrease of HLA-I expression on peripheral PMN
in Low and Int-1 Risk MDS patients

Fig. 2A evidences the decrease of HLA-I on peripheral PMN,
as compared with the BM GC, in both Low and Int-1 Risk MDS
patients (p.<0.01 and p.<0.05, respectively). Notably, when the
patients were grouped according with their immune profile in BM
(AIP vs NIP, see Section 2), only AIP group demonstrated signifi-
cant decrease of HLA-I expression (p. < 0.001) on PB PMN. Notably,
a tendency towards the presence of lower HLA-I was observed by
comparing AIP sub-group with controls (Fig. 2B).

Intriguingly, lower MHC-I expression in peripheral PMN seems
to be strongly correlated with the occurrence of an altered BM
immune profile in MDS patients.

To investigate whether the presence of PB PMN expressing
lower HLA-I is dependent on down-modulation mechanisms occur-
ring in the periphery orit is the result ofimmune-selection pressure
favouring BM precursors bearing lower HLA-I levels, we analysed
the cell distribution in the cytometry staining profiles of BM GC
and of PB PMN. As shown in Fig. 2C, two distinct populations with
different HLA-I levels can be identified in BM GC: the PB PMN seem
to belong to the GC subset bearing lower HLA-I expression. This
feature significantly characterised the AIP subgroup (Fig. 2A).

These observations point to the role for CTL-mediated selection
mechanisms occurring in BM. Indeed, the maturation of PMN cells
in which the HLA-I expression is likely unable to effectively present
one (or more) unknown self-antigen to autoreactive CTL seems to
be favoured in AIP subgroup showing a deranged T cell response.

3.3. MDS patients with altered immune profile in BM show
significant increase of HLA-I negative peripheral PMIN

To investigate on the occurrence of immune-mediated selec-
tion in BM of MDS patients, we compared the percentage of HLA-I
negative PMN cells in PB of healthy controls with that observed in
our MDS cohort. As shown in Fig. 3, significant increase of HLA-I
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Fig. 3. HLA-Inegative PMN in PB of MDS patients. Percentage of HLA-I negative PMN
in PB of Low, Int-1, IP and NIP groups of MDS patients as well as in healthy donors.
A p value <0.05 has been considered significant.
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Fig. 4. Involvement of NK and CTL in the selection of dysplastic clones. BM polyclonal haematopoiesis (upper panel) with at least four GC cell types (from A to D). A and
D cell types express high level of HLA-I and represent more susceptible targets for deranged CTL recognising self-antigens (indicated as T in the model). B and C cell types
express low level the HLA-I or completely lack these molecules and are spared by CTL. NK effectors recognise the presence of HLA-E molecules by CD94/NKG2A receptor.
This mechanism likely mediates the clearing of C and D cell types. In the presence of a deranged CTL response (AIP patients), the outcome of these interactions is the result
of the rescue and the preferential migration/expansion in PB (lower panel in the model) of the B cell type expressing low HLA-I and high HLA-E. These conditions spare the
B cell type from both NK and CTL lysis. The dominance of a CTL-dependent selection pressure might account the higher presence of D cell type in AIP group.

negative PMN was observed in Int-1 patients if compared with
the Low Risk Group (p. <0.05) and the healthy donors (p. <0.005).
When MDS patients were grouped according with their BM
immune profile, AIP group showed significant higher percentage of
HLA-I defective PMN cells in comparisons with the NIP counterpart
(pc<0.05) or healthy donors (p. <0.05).

Such evidence, together with the observation of a lower expres-
sion of HLA-I on PB PMN than on BM GC of AIP patients (Fig. 2),
suggest the involvement of immune-mediated, HLA-I dependent
mechanisms in the selection of PMN cells in AIP subgroup, charac-
terised by low Treg and increased CD54 expression on CTL.

4. Discussion

Our immune-based sub classification of MDS patients [25] is
dependent on the occurrence of lower Treg percentage, increased
BM recruitment of CTL and high CD54 expression on CD8 T cells in
sub-group of Low/Int-1 Risk patients.

This study focused on the hypothesis that this altered immune
profile might underlie the occurrence of CTL-dependent immune-
mediated selection of the dysplastic compartment in MDS. To
this aim, we investigated on HLA-E and HLA-I molecules, as
major elements in regulating NK and CTL recognition, respectively
[6,17,18,26-29].

The analysis focused on granulopoietic population, as the more
suitable compartment for studying BM selection processes.

Our data indicate that both the decrease in HLA-I expression
and the increased presence of HLA-I defective cells preferentially

characterise the peripheral PMN of Low/Int-1 Risk MDS patients
bearing the altered immune profile, by us described [25].

BM precursors are characterised by different expression levels
of HLA-E as well as HLA-I in MDS patients. Our data indicate that
the recognition of both molecules could be of some relevance in the
selection mechanism for mature PMN in MDS.

We consistently found that the expression of HLA-E is lower
in BM GC than in PB PMN population. Since HLA-E is the main
inhibiting element for NK recognition, we hypothesise that NK
could kill the lower HLA-E-expressing PMN precursors in BM and it
could consent the migration into PB only of those cells expressing
HLA-E at higher level. In support of this speculation is the evi-
dence over the expression of NK ligands during BM maturation
[16] and the presence of defects in both HLA-E and CD94/NKG2
molecule, the main HLA-E-NK receptor, in some haematopoietic
diseases [6,20,22].

Therefore, HLA-E dependent/NK-mediated mechanisms could
likely be part of physiological PMN maturation processes. In addi-
tion, a perturbation of such regulatory networks might generate
the maturation of dysplastic PMN with significant modulation of
HLA-E surface expression [6].

This study refers that both Low and Int-1 Risk MDS patients
show significant decrease of HLA-I expression on peripheral PMN
if compared with the BM counterpart. Notably, when patients
were categorised according with their immune profile (see Section
2.1), only AIP patients significantly maintain a lower expression
of MHC-I on peripheral PMN cells than in BM GC. This condi-
tion is conceivable with the hypothesis that a subpopulation of
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BM-PMN-precursors, characterised by high level of MHC-I
molecules, could behave as preferential target for a deranged auto-
reactive T cell response. Indeed, CTL are expected to be less sensitive
to PMN precursors expressing low level of MHC-I. These cells rep-
resent the only population leaving the BM as peripheral PMN in AIP
MDS patients.

HLA-I absence has been associated with escape mechanisms to
CTLrecognition [26-29]. Therefore, the presence of HLA-I defective
PMN suggests a correlation with the occurrence of CTL-dependent
immune-selection processes.

Our study evidences a significant increase of PMN lacking
HLA-I in Int-1 Risk MDS patients. Such evidence could point to
CTL-mediated mechanisms acting in those patients with a more
advanced MDS disease stage. The recognition of neo-antigens
expressed by dysplastic cell clones and an altered self-tolerance in
BM [5,30,31] might account for our observations. Notably, when
patients were categorised according with their immune profile,
the increase of peripheral PMN lacking HLA-I expression was
preferentially observed in AIP patients if compared with the NIP
counterpart.

The immune-based classification criteria, by us proposed, seem
to identify a subgroup of Low/Int-1 patients in whom CTL selection
mechanisms are pathogenetically relevant.

Our data are conceivable with the idea that HLA-E and HLA-
I molecules are part of the biological mechanisms involved in
the selection of BM precursors. Such immune-dependent selec-
tion processes might become pathogenetically relevant in patients
in which the immunological activation is deranged (AIP sub-
group of our patients). In this context, it is likely that the
observed reduced presence of Treg in BM [25] might be unable
to efficiently suppress autoreactive T clones that preferentially
recognise self-antigens on PMN precursors expressing higher level
of MHC-I molecules. This deranged immune response could be
enhanced by the inflammatory BM microenvironment, described
in MDS [15]. Another component of such complex scenario is the
cytotoxic activity of NK effectors that could recognise and kill
[17] the PMN precursors expressing low level of HLA-E/MHC-I
[18].

A model for immune-mediated selection is hypothesised in
Fig. 4. Ideally, the immune-dependent signals, allowing the mat-
uration and migration of BM precursors in PB, might depend on
expression of optimal levels of both HLA-E and HLA-I molecules that
regulate NK and CTL recognition. These mechanisms could prefer-
entially affect the selection of GC in MDS patients with a deranged
adaptive response in BM (AIP group).

In support of our hypothesis are at least two evidences: (a) PB
PMN cells of all patients in AIP group express higher HLA-E and
lower HLA-I molecules (corresponding to B cell type in Fig. 4); (b)
we found a greater percentage of MHC-I negative PMN (the C cell
type in our model) in Int-1, where the MDS progression is more
advanced in respect to the Low Risk. Notably, when the patients
have been categorised according to their immune-profile, this fea-
ture characterised the AIP subgroup.

This and our previous investigations over the immune alter-
ations in MDS [6,25] suggest the introduction of immune-based
criteria in the classification of MDS patients. In particular, we
aimed to better characterise those patients in which the immune-
mediated mechanisms could be part of MDS pathogenesis. In this
regard, it could be of some relevance the correlation between the
expression of MHC-I/HLA-E molecules and the selection of PMN
dysplastic clones in MDS. Therfore, the expression of the activating
and inhibitory receptors on NK effectors and their interplay with
classical and non classical MHC-I molecules on haematological cell
target need further investigation to better understand the molec-
ular mechanism on the basis of the emergence of dysplastic clones
in MDS.

The better understanding of these aspects could provide useful
tools for the clinical management of MDS.
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Abstract

Myelodysplastic syndromes (MDS) are clonal disorders characterized by ineffective hematopoiesis and
possible evolution to acute leukemia. Occurrence of stem cell defects and of immune-mediated
mechanisms was evidenced as relevant for pathophysiology of MDS. Here, we described one case of
MDS patient carrying CD14*CD56" monocytes in bone marrow (BM), in the presence of a defective
human leukocyte antigen (HLA)-E expression on peripheral blood (PB) cells and of natural killer (NK) cell
expansion in PB and BM. The defective HLA-E expression and the NK expansion are proposed to be
relevant for the pathogenesis of myelodysplasia in those patients showing CD14*CD56™ monocytes in
BM.
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Myelodysplastic syndromes (MDS) are a heterogeneous
group of clonal disorders of stem cell characterized by
dysplasia, ineffective hematopoiesis, cytopenia, and frequent
progression to acute myeloid leukemia (AML) (1). The
International Prognostic Scoring System considers some
clinical variables (i.e., blast percentage, cytopenia, and
genetic abnormalities) to define four patient groups of risk to
develop AML: low-, intermediate-1-, intermediate-2-, and
high-risk patients (2). The needing of new grouping criteria
to better characterize the patients and to improve MDS clini-
cal management is recognized (3).

The pathophysiology of the bone marrow (BM) failure is
complex, and MDS are more than a single disease entity.
The occurrence of intrinsic stem cell defects and of immune-
mediated mechanisms has been largely suggested (1-8).

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Our previous data evidenced the relevance for immune
dysregulation in MDS (7). On the different levels of BM
regulatory T cells (Treg), we identified two subgroups of
low-risk MDS patients. Intriguingly, only the subgroup with
lower Treg percentage showed a BM CDS8 lymphocytes
recruitment. In addition, the different levels of the activation
marker CD54 on BM CDS8 lymphocytes revealed two sub-
groups of intermediate-1-risk patients. Notably, BM recruit-
ment of CD8 lymphocytes in the low-risk group and/or the
presence of high CD54 expression on BM CDS8 cells in
intermediate-1 patients are associated with more pronounced
dyserythropoiesis and erythropoietin treatment. In addition,
we suggested the occurrence of immune selection of
dysplastic clones in such subgroup of MDS patients. Indeed,
reduced human leukocyte antigens (HLA)-I and increased
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HLA-E on peripheral polymorphonuclear cells (PMN) when
compared with the BM counterpart were observed. We pro-
posed that an altered immune profile might represent a valu-
able criterion to grouping low/intermediate-1 patients on the
basis of immune pathogenesis of MDS (8).

These and other desirable criteria (3) could be useful to
extend and improve the stratification of MDS patients.

In 2009, we characterized an MDS patient showing neutro-
penia, CD14*CD56" monocytosis, and polyclonal expansion
of natural killer (NK) expressing CD94/NKG2A and CD94/
NKG2C receptors (6). In this patient, we proposed that the
observed defective HLA-E expression on myeloid lineages,
the constitutive presence of CD178/Fas-L. on CD14*CD56*
monocytes, and the expansion of CD94/NKG2A* CD94/
NKG2C" NK cells could be relevant for the pathogenesis of
MDS.

Expression of ligands for NK receptors during myeloid
maturation (9) highlights the NK involvement in the hemato-
poietic homeostasis. Literature suggested the role for IFN-y
secretion by large granular lymphocytes (LGL), belonging to
T or NK lineages, in hematopoietic diseases (10).

Natural killer cells are crucial for the establishment of
innate immunity and in the complex regulation of all the
immune responses (11). They express two families of HLA-
recognizing receptors: the killer immunoglobulin-like recep-
tors and the lectin-like receptors, as CD94/NKG2A and
CD94/NKG2C (12, 13). Altered expression of CD94/NKG2
receptors was correlated with chronic NK lymphocytosis
and with other LGL disorders (10, 14, 15). HLA-E, a non-
classical major histocompatibility complex class I molecule,
is expressed by several immune and non-immune cells in
healthy and pathological conditions (16, 17). The involve-
ment of HLA-E in hematopoietic diseases has been
proposed (6, 8, 10, 18). HLA-E mainly regulates NK func-
tions (11-13). In this regard, CD94/NKG2A generates an
inhibitory signal after the recognition of HLA-E, while
CD94/NKG2C binds the molecule and induces the activa-
tion of NK cells (11-13). The balance between positive and
negative signals, generated by these and other receptors,
orchestrates the NK activities.

CD56"CD14" cells is a minor and poorly characterized
monocyte population, usually representing 0.2-3.5% of total
peripheral mononuclear cells (19). They produce a variety of
cytokines, present antigens, and could mediate regulatory
functions.

Here, we describe a peculiar case of MDS patient showing
thrombocytopenia in peripheral blood (PB), CD14"CD56*
monocytosis in BM, and polyclonal expansion of NK
expressing CD94/NKG2A and CD94/NKG2C. In addition,
we observed a defective HLA-E expression in the PB mye-
loid lineages. We speculate that the expansion of CD94/
NKG2A+ CD94/NKG2C+ NK cells is relevant for the emer-
gence/dominance of dysplastic clone(s) in those patients
showing CD14"CD56" monocytosis in BM.
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Patient and methods

Case report

An 85-year-old man presented with thrombocytopenia, whose
first record was referred to few months before. Hb was 12.9 g/
dL, MCV 67fl, white blood cell count 4.4 x 10°/L with
0.15 x 10°/L neutrophils, 0.096 x 10°/L monocytes, and
0.166 x 10°/L lymphocytes. PMN appeared hypogranular
and monocytes highly dysmorphic. Platelet count was
80 x 10”/L.

BM aspirate was characterized by good cellularity with
erythroid and granulocytic dysplasia, numerous micromegak-
aryocyte and 5% of blast cells. Patient received diagnosis of
refractory cytopenia with multilineage dysplasia according to
WHO classification (1). Microcytosis was due to beta thalas-
semia, and no organomegaly was present.

Patient showed a normal karyotype (46,XY).

Patient has been not receiving medical treatment, which
may impact his immune response. Informed consent was
obtained from the patient and the controls.

mAb, immune fluorescence and flow cytometry

Anti-CD3, -CD8, -CD4, -CD54, -CD25, -CD56, -CD14,
-CD45, -CD33, -CD127, -p140 (Q66 clone) and isotype-
matched labeled controls mAbs (Becton-Dickinson, Los
Angeles, CA, USA), anti-HLA-I (W6/32 clone) mAb
(SIGMA, Milan, Italy), anti-HLA-E mAb (MEM-E/O8 clone)
(Immunological Sciences, Rome, Italy); anti-CD158el/e2
(p58.172), -CD244 (2B4), -CD335 (NKp46), -CD337
(NKp30), anti-NKG2A (Z199), -Vpl4, -Vp12, -VS7.2,
-Vp20, -VpI18, -V7.1, -VS22, -VBI13.2, -V, -Vp17,
-Vp5.3, -Vp5.1 -V 23, -Vp4, -V2, -VBI13.1, -V5.2, -V 38,
-Vp9, -Vp11, -VpB3, -VpI13.6, -VP21.3F, -VS16 mAbs
(Beckman-Coulter, Paris, France), and -NKG2C (134591
clone) mAb (R&D System, Minneapolis, MN, USA).

Flow cytometry was performed by FACSCalibur and
CellQuest analysis software (Becton Dickinson), as
described (6-8).

Three sex- and age-matched healthy donors were used as
controls.

Statistical analysis

Statistical analysis for P calculation was performed by using
Student’s #-test. Results were considered significant with a P
value < 0.05.

Results

The patient shows dysplastic monocytosis (data not shown)
and an extensive defect of HLA-E expression in both the
monocytes and PMN in PB; indeed, the two populations

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Figure 1 Flow cytometry analysis. Panel A: surface expression of human leukocyte antigen (HLA)-E on polymorphonuclear cells (PMN) (1) and
Monocytes (2) in peripheral blood (PB); Panel B: surface expression of HLA-E on PMN (1) and Monocytes (2) in bone marrow (BM); Panel C: sur-
face expression of HLA-E on CD14* CD56~ (1) and CD14*CD56" (2) Monocytes in bone marrow; Panel D: surface expression of HLA-I on PMN
from BM (1) and PB (2) and on Monocytes from BM (3) and PB (4). The staining for Isotype mAb control is reported in all the panels (CTR). PB
and BM PMN and monocyte populations were gated by FSC and SSC parameters and by CD45, CD14, CD33, CD56 labelling.

evidenced only a very low staining for HLA-E (Fig. 1A). In
contrast, the monocytes and PMN are positive for HLA-E in
BM (Fig. 1B). Intriguingly, the BM monocytes appear to
express HLA-E as large distribution (see pick 2 in Fig. 1B)
and at higher level if compared to PMN (Fig. 1B). In this
regard, monocytes are divided into two subpopulations
(Fig. 1C): one expresses at lower intensity the HLA-E and
is CD14"CD56 ", while the second one shows higher level
of the molecule and is CD14*CD56".

In addition, the expression of HLA-I on lymphocytes, mono-
cytes, and PMN is similar between BM and PB (Fig. 1D).

The percentage of CDI14% monocytes co-expressing the
CD56 is significantly expanded in BM (more than 30% of
monocytes) than in periphery (<2% of PB monocytes) (data
not shown).

Natural killer expansion (more than 35% of lymphoid cell
in BM and PB compartment) carried several NK receptors
(CD335, CD337, CD244, CD158el/e2, CD158/p70, CD94/
NKG2A, CD94/NKG2C), suggesting that NK cells are
frankly polyclonal (data not shown).

Intriguingly, the BM and PB NK cells are highly positive
for two HLA-E receptors; in particular, the CD3~CD56*
cells expressing CD94/NKG2A are the 37% and CD94/
NKG2C the 43% (data not shown).

Treg percentage and CD54 expression on both the CD4*
and CD8* T Lymphocytes are similar to BM and PB, and the

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

percentages are comparable to healthy donors (data not
shown). Finally, the TCR repertoire of T lymphocytes appears
to be polyclonal in BM and PB, without TCR-Vf§ skewing of
one or more T clones that, if present, could indicate a signifi-
cant antigen specific T response in BM (data not shown).

Discussion

The patient here described shows thrombocytopenia, mon-
ocytosis and expansion of polyclonal NK cells, and normal
karyotype. These features are accompanied by a defect of
HLA-E expression on PMN and monocytes in PB.

Notably, despite the similarities of this MDS case with the
other by us observed patients for the likely involvement of
HLA-I and HLA-E in fostering the myelodysplasia (8), this
patient seems to be substantially unframed with the immuno-
logical criteria that we previously published (7). Indeed, the
patient reveals no significant variation in the percentage of
Treg or of expression of CD54 when compared with healthy
controls. Nevertheless, the patient shows an intriguing anal-
ogy with previous patient (6) for the presence of dysplastic
monocytosis, mainly represented by CD14"CD56"HLA-E*
cells in BM, and for the expansion of CD94/NKG2C* NK
cells.

Here, we suggest that BM NK expansion, with increased
expression of CD94/NKG2C, generates a selective pressure
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on hematopoietic compartments. In this regard, patient
CD94/NKG2C" NK cells could have exerted an efficiently
killing of HLA-E" myeloid precursors, thus targeting HLA-
E* monocytes and HLA-E* PMN in BM and sparing those
cells carrying the lowest HLA-E levels. Indeed, it is worth
noting that the dysplastic monocytes are mainly HLA-
E*CD14"CD56" in BM and become HLA-E'CD14*CD56
in PB likely due to the action of NK selection.

Moreover, the expression of HLA-I appears to be not
involved in the selection by NK in this patient, as the levels
of these molecules on PMN and monocytes are similar
between PB and BM.

These evidences suggest that the action of NK took place
as a sort of ‘customs’ that allowed to pass only certain cells
with certain characteristics from the BM toward the periph-
ery. In reason of this NK selective pressure, the monocyte
and PMN populations have been totally defective for HLA-E
expression in PB.

We could not rule out that other receptor/ligand pathways
could have a role in regulating NK activity in this patient. In
addition, the TCR repertoire appears to be unskewed, and such
result could formally exclude antigen specific T-cell response
in the patient, at least at the time of our observation.

Taken together, the current study and the others by us
published (6-8) suggest that the emergence and dominance
of dysplastic clones could be inferred and/or sustained in
some MDS patients also by NK activity alone and/or as
contribute, together with other immune-mediated mecha-
nisms. The relevance for the expression of HLA-E and
HLA-I on hematopoietic cells could be largely different, and
it can range from etiopathogenetic role to some physiopatho-
logical aspects. This consideration makes sense when one
considers the balance between anti-tumor immune response
and the possible detrimental implication of immune editing
in cancer (20). Likewise, MDS condition is identifiable as
the consequence of several clonal cytogenetic abnormalities
conferring proliferative and surviving advantage to those
stem cells generating dysplastic clones (1, 2). In this context,
it has been proposed that inflammatory BM microenviron-
ment and an altered immune response could not only repre-
sent huge protective reactions of the individual from disease,
but also favorable conditions for the emergence, expansion,
and dominance of dysplastic clones in a subgroup of MDS
patients (1-8).

The plain significance of this mechanism in counteracting,
causing, sustaining, or accompanying the MDS is not defini-
tively established, but it appears to be of great relevance to
better understand the role as ‘Janus Bifront” for immune
response in MDS.

In conclusion, this speculation could open new insight into
the etiopathogenesis of MDS, and it could offer useful tools
to the clinical decision making and for a more accurate strat-
ification of those patients in whom the hypothesis of
immune-mediated mechanisms is conceivable.
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Canine leishmaniasis caused by the protozoan parasite Leishmania infantum is a chronic systemic disease
endemic in Mediterranean basin. The aim of the study is to investigate the immune profile of dogs nat-
urally infected by Leishmania infantum. In order to address such issue, CD4" and CD8" lymphocyte T cell
subsets, peripheral CD4"CD3*Foxp3* (Treg) levels and the presence of pro-inflammatory T cells have been
assessed, in 45 infected dogs and in 30 healthy animals, by using immunofluorescence and flow cytom-
etry detection. Animals were categorised according to their clinical-pathological status and their anti-
body titer at diagnosis. Results showing a significant increase of CD8*CD3" T lymphocytes, a reduced
percentage of the T regulatory CD4"CD3 Foxp3™ subset and a significant increase of Ty1 cells, characterise
the infected dogs, regardless of their antibody titer or the occurrence of clinical symptomatic disease.
These data may provide new insights into the pathogenesis of immune-mediated alterations associated

Flow cytometry with canine leishmaniasis.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Canine leishmaniasis (CL), caused by the protozoan Leishmania
infantum and transmitted by the bite of phlebotomine sand fly vec-
tors, is a severe zoonosis potentially fatal to humans and dogs,
which comprise the main reservoir of infection to humans. CL is
endemic in more than 70 countries in the world. It is present in re-
gions of southern Europe, Africa, Asia, South America and Central
America and has been reported also in United States of America
(Petersen and Barr, 2009). A broad range of immune responses
and clinical manifestations has been described in CL. In fact, clini-
cal appearance and evolution of leishmaniasis is the consequence
of complex interactions between the parasite and the genetic and
immunological background of the host (Baneth et al., 2008; Maia
and Campino, 2012). Leishmania infection in dogs may be mani-
fested as a subclinical infection, a self-limiting disease, or a non-
self-limiting and severe illness (Bottero et al., 2006). In dogs, the
two opposite extremes of this clinical spectrum are characterized
by a protective immunity that is mediated by CD4" T cells by the
release of interferon-y (IFN-vy), interleukin-2 (IL-2) and tumor
necrosis factor (TNF-a) that induce macrophage anti-Leishmania

* Corresponding author. Tel.: +39 0812536004; fax: +39 0812536008.
E-mail address: dapiante@unina.it (D. Piantedosi).

0034-5288/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
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activity, and a disease susceptibility that is associated with the pro-
duction of a marked humoral non-protective immune response
and a reduced or depressed cell mediated immunity with a mixed
T helper 1(Ty1) and T helper 2 (Ty2) cytokines response (Alvar
et al., 2004; Baneth et al., 2008). Within this spectrum, clinical
signs of disease can range from a mild dermatitis and alopecia,
associated with specific cellular immunity and low humoral re-
sponses (Ordeix et al., 2005) to a severe disease, characterized by
renal damage with glomerulonephritis due to immune complex
deposition, associated with a massive humoral response and high
parasite loads (Costa et al., 2003). In addition, asymptomatic vis-
ceral leishmaniasis has been consistently associated with the
induction of cellular immunity in endemic areas (Baneth et al,,
2008; Reis et al., 2009; Solano-Gallego et al., 2009; Alexandre-Pires
et al., 2010; Coura-Vital et al., 2011).

The characterization of the ongoing immune response in ani-
mals infected by L. infantum has been described to be relevant to
establish a prognosis and to predict a clinical response to treat-
ment (Papadogiannakis et al., 2010). Several studies pointed out
that lymphocyte level in sick dogs is decreased but returns to nor-
mal values after treatment (Moreno et al., 1999; Guarga et al.,
2002; Guerra et al., 2009); an increased number of CD4'T cells in
dogs with low parasitism (Reis et al., 2006) has been also referred.
Furthermore, the number of CD4" T cells in peripheral blood was
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observed to be similar in dogs with leishmaniasis and in healthy
dogs while there was no correlation between the clinical status
or response to therapy and CD4" T cell counts (Miranda et al.,
2007). The results obtained highlight the complexity of the im-
mune response to L. infantum infection. Indeed, while low levels
of circulating B cells and monocytes have been observed to behave
as important markers of severe CL, the number of CD4* T lympho-
cytes cannot be used alone as a prognostic marker (Miranda et al.,
2007; Alexandre-Pires et al., 2010). Increased levels of CD8'T lym-
phocytes have been referred as a mayor phenotypic feature of
asymptomatic disease (Reis et al., 2006; 2009).Treatment and
clinical recovery have been associated with improved and/or nor-
malized levels of T cells, CD4" subset, CD4*/CD8" ratio and anti-
gen-dependent proliferation in CL (Moreno et al., 1999; Guarga
et al., 2000, 2002; Papadogiannakis et al., 2010).The preferential
association of a pro-inflammatory microenvironment with a
favourable outcome of the disease has been largely suggested in
CL (Chamizo et al., 2005). Moreover, the analysis of cytokine pro-
duction in peripheral blood revealed some discrepancy (Maia and
Campino, 2012).

The occurrence in CL of immune-mediated pathological pro-
cesses that have been observed to be involved in the induction of
polyarthritis, uveitis, glomerulonephritis, (Kharazmi et al., 1982;
Ferrer, 1992; Ciaramella et al., 1997; Koutinas et al., 1999; Costa
et al., 2003; Solano-Gallego et al., 2009), as well as of antibody-de-
pend platelet abnormalities (Terrazzano et al., 2006; Cortese et al.,
2009, 2011), suggest the relevance of immune response control in
this infection. Control of the immune response in human and mur-
ine leishmaniasis has been observed to largely depend on the pro-
duction of interleukin-10 (IL-10), which can come from several
different cell types (Kaye and Scott, 2011). A key immune regula-
tory mechanism is represented by the CD4"CD25"Foxp3* T (Tregs)
subset (Sakaguchi, 2005). Tregs are able to control the immune
effector cells in terms of clonal expansion, differentiation, cytokine
pattern and tissue migration during immune response. It is rele-
vant that Tregs control T cell priming in lymphoid organs but they
are also able to inhibit immune response in peripheral tissues
(Miller et al. 2004; Huehn and Hamman, 2005; Sakaguchi, 2005).
The role of Tregs in preventing harmful autoimmune responses
and their dynamic involvement in the modulation of immune-re-
sponse against infectious agents (Nylén and Sacks, 2007; Belkaid
and Tarbell, 2009) and transformed cells (Curiel et al., 2004) has
been consistently described. In human visceral leishmaniasis (VL)
reports on the frequency and function of Tregs are not conclusive.
Recently, Maurya et al. (2010) reported that active VL is not asso-
ciated with increased frequencies of peripheral Foxp3 Treg or accu-
mulation at the site of infection.

In veterinary medicine, Tregs have been observed to signifi-
cantly increase in dog tumour models (Biller et al., 2007; Houriuchi
et al., 2009; O’Neill et al., 2009; Rissetto et al., 2010). Few studies
addressed the level of regulatory cytokines interleukin-10 (IL-10)
and the transforming growth factor beta (TGF-B) (Strauss-Ayali
et al., 2007; Boggiatto et al., 2010) in CL. The study of Treg involve-
ment in the regulation of dog immune-response against Leishmania
needs further investigation. Indeed, IL-10 producing regulatory T
cell subsets have been described to be relevant in the early phase
of visceral leishmaniasis in mouse model of L. infantum infection
(Rodrigues et al., 2009), while a reduction in lymph-node Treg
was described to significantly correlate with immune protection
consequent to Leishmune vaccination (de Lima et al., 2010).

The aim of the present study is to investigate the immune pro-
file of dogs naturally infected by L. infantum. In order to address the
immune regulatory networks involved in CL, lymphocyte T cell
subsets, peripheral Treg levels and the presence of pro-inflamma-
tory T cells have been assessed, in a cohort of 45 Leishmania in-
fected dogs (LD), compared with 30 sex/age paired healthy

animals, by using immune fluorescence and flow cytometry detec-
tion. Leishmaniotic dogs have been categorised according to their
clinical-pathological status and their serological anti specific-Leish-
mania antibody titer.

2. Materials and methods
2.1. Animals

Forty-five dogs naturally infected by L. infantum (20 males and
25 females, 5-9 years old) from the Campania region (South Italy)
were enrolled with the owner’s consent. Ten dogs were pure breed,
while 35 were mongrels. Also, 30 healthy dogs (12 males, 18 fe-
males, 5-7 years old) with no clinical signs of CL, which were also
being negative for serological, parasitological and molecular exam-
inations, were considered as healthy control group.

This work has been reviewed by Ethical Animal Care and Use
Committee of the University of Naples Federico I and received
institutional approval (Prot. 2011/0043885).

2.2. Clinical parameters and diagnostic procedure

For all dogs, the history (none of dogs received a specific treat-
ment for CL) and the clinical examination were performed. Leish-
mania infected dogs were classified according to Solano-Gallego
et al. (2009). The LD cohort has been categorised in two groups:
LD-A dogs (n=23), presenting neither clinical signs on physical
examination nor clinical-pathological abnormalities by routine
laboratory tests (CBC, biochemical profile and urinalysis) but with
a confirmed L. infantum infection and LD-S dogs (n = 22) with clin-
ical leishmaniasis, presenting clinical signs and/or clinical-patho-
logical abnormalities and a confirmed L. infantum infection
(Table 1). Diagnosis of CL has been confirmed by detection of
amastigotes in stained cytological smears of aspirates from lymph
nodes or bone marrow, serologically by a positive indirect fluores-
cent antibody test (IFAT > 1:80) and by a polymerase chain
reaction (PCR). Animals presenting IFAT titers > 1:80 and positive
molecular diagnosis were included in the study as infected ani-
mals. The relevance of humoral immune response on susceptibil-
ity/resistance mechanism during ongoing canine visceral
leishmaniasis has been recognized throughout ex vivo and
in vitro investigations (Oliva et al., 2006; Reis et al., 2006). Thus,
in order to analyse the immune profile in Leishmania infected ani-
mals showing different degree of specific immune activation, Leish-
mania infected dogs were further sub-classified as Low IFAT titer
animals (LD-L) when showing a IFAT titer 1:80-1:160 or High IFAT
Title animals (LD-H) when showing a IFAT titer >1:160.

Animals presenting neither clinical signs on physical examina-
tion nor clinical-pathological abnormalities by routine laboratory
tests, and with IFAT negative (<1:40) and negative PCR, were con-
sidered non-infected and included as healthy control group.

Occurrence of other infectious diseases was always excluded in
all dogs. No Ehrlichia canis nor Anaplasma phagocytophilum moru-
lae, Babesia canis trophozoites and microfilariae were observed in
peripheral blood smears. These infections were also excluded using
IFAT and/or PCR. Finally, Dirofilaria immitis infection was ruled out
using the Snap Canine Combo Heartworm Antigen Antibody Test
(IDEXX).

2.3. Blood sample collection

Ten millilitres of peripheral blood was collected from the jugu-
lar vein into tubes containing ethylene diamine tetraacetic acid
(EDTA). A complete cell blood count was performed in each sample
within 30 min from the collection by using a semi-automatic cell
counter (Genius S; SEAC Radom Group, Florence, Italy). All samples
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Table 1
Results of diagnostic tests and clinical and laboratory findings of 45 Leishmania infected dogs.

LD - A dogs IFAT PCR Cyt cs HT% PLT 103/pL UREA mg/dL CREATININE mg/dL TPg/dL AJG
1 1/160 | | 40 470 28 0.6 7.3 0.8
2 1/320 | ND 38 223 26 0.5 6.6 1.0
3 1/320 | | 44 195 33 13 6.7 1.2
4 1/160 | | 40 337 24 0.6 7.2 0.9
5 1/320 | u 38 258 49 14 6.8 1.0
6 1/160 | N 41 452 29 0.7 6.6 0.6
7 1/160 | N 37 350 26 1.2 5.8 1.0
8 1/160 | ND 42 364 44 1.1 7.3 1.2
9 1/160 u N 38 433 46 0.9 7.4 0.7
10 1/160 ] N 46 267 36 1.2 6.9 13
11 1/80 ] u 45 482 34 0.7 7.4 0.9
12 1/160 | u 37 400 141 0.5 6.0 1.0
13 1/80 ] ND 49 353 43 1.1 7.3 0.9
14 1/320 | B N 40 450 17 0.8 7.0 0.8
15 1/640 | u 38 180 24 1.0 5.5 1.4
16 1/160 | | N 39 181 49 1.0 7.3 0.9
17 1/640 ] ND 38 236 21 0.8 6.9 1.1
18 1/80 | N 39 241 39 1.0 5.2 1.0
19 1/80 ] N 42 231 23 0.5 6.8 1.2
20 1/80 ] N 40 221 27 0.6 7.4 1.0
21 1/80 | ND 39 253 48 1.0 7.2 0.9
22 1/80 ] N 50 177 34 0.6 7.0 1.5
23 1/80 ] | 45 268 25 0.7 7.6 0.8
LD - S dogs

1 1/1280 ] | u 34 123 21 0.6 6.6 1.0
2 1/1280 ] | n 36 280 45 1.2 9.0 0.5
3 1/160 | u u 35 100 55 14 9.2 0.5
4 1/1280 | B ND 48 311 57 0.7 8.7 1.0
5 1/2560 ] | n 47 107 65 0.7 8.1 0.7
6 1/320 | u 38 130 22 0.9 7.1 0.8
7 1/320 | | | | 45 268 27 1.0 9.4 0.5
8 1/80 | | 35 275 32 1.0 9.6 0.5
9 1/10240 | u n 33 425 35 0.9 9.4 0.5
10 1/80 | u n 40 255 40 0.6 8.1 0.5
11 1/640 | ND | | 36 410 50 0.5 6.0 1.0
12 1/1280 ] u n 33 216 156 3.2 8.7 0.5
13 1/1280 | u n 45 378 28 0.9 9.4 0.5
14 1/640 ] | | | 57 450 31 0.6 9.1 0.5
15 1/320 ] ND | | 42 337 34 0.8 9.0 0.5
16 1/2560 | | n 31 277 37 0.9 8.9 0.4
17 1/2560 | B u u 33 200 56 0.8 103 0.3
18 1/10240 ] || | | 23 58 49 0.6 12.7 0.3
19 1/1280 | N n 41 148 61 15 6.1 0.3
20 1/160 | | n 41 308 38 0.8 10.2 04
21 1/80 ] | | | 34 96 21 0.7 8.0 0.7
22 1/320 | B N | | 43 384 41 1.0 7.2 0.7

LD - A dogs, Leishmania asymptomatic dogs; LD - S dogs, Leishmania symptomatic dogs; IFAT, indirect fluorescent antibody test; PCR, polymerase chain reaction on bone
marrow (lymph node and peripheral blood *, 4 dogs); Cyt, lymph nodes or bone marrow cytology; CS, Clinical signs. The squares indicate the positivity for each specific test
and the presence of any clinical sign (alopecia, dermatitis, skin ulcers, ocular lesions, conjunctivitis, onychogryphosis, weight loss and lymphadenopathy); ND, not deter-
mined; N, negative; HT, hematocrit (anemia: HT value < 37 %); PLT platelet count (thrombocytopenia: platelets count < 150 10%/uL); UREA, increase of urea > 50 mg/dL;
CREATININE, increase of creatinine > 1.5 mg/dL; TP, total protein (increase of total proteins >7.7 g/dL); A/G, albumin/globulin ratio (hyperglobulinemia: A/G < 0.6).

were maintained at room temperature up to 5-6h prior to
processing. In addition, serum aliquots were obtained from all
the dogs enrolled for the study of their biochemical profile and
serological examination.

2.4. Serological diagnosis

Detection of anti-Leishmania I1gG antibodies was performed by
an in-house IFAT assay using L. infantum promastigotes (WHO ref-
erence strain MHOM/TN/1980/IPT-1) as antigen and following the
protocol recommended by the Office International des Epizooties
(Gradoni and Gramiccia, 2008). Samples were classified as positive
if promastigote cytoplasmatic or membrane fluorescence was ob-
served at a serum dilution of 1:80 or higher.

2.5. Molecular diagnosis

To perform a nested-PCR assay for Leishmania spp. DNA was
obtained from bone marrow. In 4 animals, due to lack of bone

marrow specimens, lymph nodes aspirates and peripheral blood
were used as DNA source for nested-PCR assay. Briefly, the first
amplification was carried out in a 50 pl reaction containing
10 L DNA and 40 pL PCR Master Mix (Promega) with 50 pmol
of the kinetoplastid-specific primers R221 and R332 of the
small-subunit rRNA gene (van Eys et al., 1992). For the second
amplification, 3 pL of the first PCR product were added to
47 puL of PCR Master Mix (Promega) containing 50 pmol of the
Leishmania-specific primers R223 and R333 of the same gene
(van Eys et al., 1992). The nested-PCR product was 358 bp. For
the E. canis nested-PCR assay, DNA was extracted from periphe-
ral blood, bone marrow and/or lymph nodal aspirate material.
Briefly, the first PCR was performed in a 25 pL reaction contain-
ing 5 uL of DNA template with 12.5 pmol of primer set of uni-
versal fD1 and Ehrlichia genus-specific EHR16SR. These primers
can amplify the ehrlichial 760 bps partial sequence of the
16SrRNA gene (Inokuma et al., 2001). For the second amplifica-
tion, 5 pL of the first PCR product were added to 20 pL of PCR
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Master Mix containing 12.5 pmol of the Ehrlichia-specific primers
CANIS and GA1UR of the same gene (Inokuma et al., 2001). The
nested-PCR product was 409 bps. The amplification products
were analysed by 1.5% agarose gel and visualized under UV light.

2.6. Monoclonal antibodies, immunofluorescence and flow cytometry

Peripheral blood from each dog was employed as whole blood
sample to evaluate the number of CD3*CD4"*, CD3"CD8* and CD4*
Foxp3™ T cells by immune-fluorescence technique and flow cytom-
etry analysis. Fluorescein isothiocyanate (FITC), Phycoerythrin (PE),
Cy-chrome and Allophycocyanin (APC) labelled monoclonal anti-
bodies (mAb) against dog CD3, CD4, CD8, and isotype-matched
controls were purchased from Serotec Ltd, London, UK. Intracellu-
lar detection of Foxp3 was performed using a cross-reactive, di-
rectly conjugated murine Foxp3 antibody (Clone FJK-16s,
eBioscience, San Diego, CA) and the permeabilisation buffer pro-
vided by the detection Kit (Foxp3 Staining Set, eBioscience), as
described (Biller et al., 2007). Foxp3 staining was carried out on
Peripheral Blood Mononuclear Cells (PBMC) purified by Ficoll (Sig-
ma-Aldrich, St. Louis, MO) density gradient centrifugation, as
described (Biller et al., 2007). CD8" and CD4" T cell subsets were al-
ways identified by a combination of canine specific anti-CD3 to-
gether with anti-CD4 or anti-CD8 mAbs. A typical phenotype
analysis strategy is shown in Fig. 1.

To analyze the production of IFN-y and IL-4, purified PBMC
were cultured overnight (ON) in presence of Phorbol 12-Myristate
13-Acetate (PMA) and lonomycin, all purchased from Sigma-Al-
drich. This approach has been widely described as useful in the

study of established cytokine profile in human and animal models
(Terrazzano et al., 2005; Papadogiannakis et al., 2009; Olsen and
Sollid, 2013). Intracellular staining with the mAbs recognising
dog IFN-vy, IL-4 or isotype-matched controls (Serotec) was per-
formed by a fixing/permeabilization kit (Caltag, Burlingame, CA),
following the manufacturer’s instructions. To avoid extracellular
cytokine export, the cultures were incubated in the presence of
5 ng/ml of Brefeldin-A (Sigma-Aldrich), as described (Terrazzano
et al., 2005; Papadogiannakis et al., 2009).

All phenotypes referred to flow cytometry analysis of the lym-
phocyte population gated by using Forward Scatter (FSC) and Side
Scatter (SSC) parameters, as well as CD45 labelling. Flow cytometry
and data analysis were performed by using a two laser equipped
FACScalibur apparatus and the Cell Quest analysis software (Becton
Dickinson, Mountain View, CA).

2.7. Statistical analysis
Statistical analysis was performed by Mann-Whitney test

(GraphPad Prism, San Diego, CA, USA). Results were considered sig-
nificant at p < 0.05.

3. Results

3.1. Leishmania infected dogs show a significant increase in peripheral
CD8* T cells

First of all, we focused our investigation on the distribution of
helper (CD4*'CD3*) and cytotoxic (CD8*CD3") T lymphocytes in
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Fig. 1. Flow cytometry analysis strategy for phenotype studies. Panel A and B refer typical staining profiles for CD4" T and CD8" T cells obtained in a healthy control and a
Leishmania infected animal, respectively; C-E Panels show the analysis strategy employed to identify CD4*Foxp3* Treg subset in PBMC sample obtained from a control dog. As
shown, T cell region (defined by CD3 staining as R1) has been employed to identify the CD4" T cell subset (R2); in this region the presence of Foxp3 transcription factor
allowed the identification of the CD4"Foxp3* Treg subset. D-H Panels show a typical analysis for CD4"Foxp3* Treg subset in a Leishmania infected dog.
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peripheral blood of LD animals as a whole or categorised according
to the presence (LD-S) or absence (LD-A) of clinical signs of disease
and/or clinicopathological abnormalities, as well as to the IFAT ti-
ter (1:80-1:160; LD-L or >1:160; LD-H). In order to maintain the
biological complexity of immune subsets, we used immunofluores-
cence and multi-parametric flow cytometry detection. Fig. 1 shows
a typical phenotype analysis strategy. The study has been per-
formed on whole blood or on the bulk of PBMC and the distinct cell
subsets have always been defined by co-expression of CD3 mole-
cule, strictly dependent on the presence of a functional T cell
Receptor (TCR). As shown in Fig. 2-A, Leishmania infected dogs
(LD) are characterised by significant increase (p <0.0001) of the
percentage of cytotoxic T cell effectors (CD8"CD3") compared with
healthy controls (67.47 £ 1.85 in LD vs 44.2 + 2.5 in healthy con-
trols). This observation has been confirmed by the significant
decrease of the percentage (31.94 +2.05 in LD vs 55.76 +2.36 in
controls; p < 0.0001) of CD4*CD3" T cell subset (Fig. 2-C). No signif-
icant differences have been observed considering the occurrence of
a High versus Low IFAT titer (LD-H vs LD-L) as well as the presence
of a symptomatic versus an asymptomatic disease (LD-S vs LD-A).
Panels B and D of the Fig. 2 show the comparison of the cell count
obtained in the different animal groups. As shown, the significant
increase in CD8*CD3" T cells (1224 +135 in LD vs 3669+ 17 in
controls; p <0.0001) is confirmed in all the disease subgroups in
comparison with healthy control animals (Fig. 2-B). The data on
CD4"CD3" T cells showed a significant decrease (564.5 +55.6 in
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LD vs 731 +26.19 in controls; p < 0.05) of this cell subset in com-
parison with controls in all the LD animals, except the LD-A
sub-group (Fig. 2-D) in which no significant differences have been
observed with controls (701 £ 59 in LD-A vs 731 + 26.19 in healthy
animals). Notably, a slight no significant increase in the number of
CD3" lymphocytes have been observed in the Leishmania infected
animal in comparison with controls (data not shown).

Fig. 3 shows that a significant difference (0.53 +0.04 in LD vs
1.83 £ 0.15 in controls; p < 0.0001) in the CD4"/CD8" ratio charac-
terises our cohort of Leishmania infected animals. This observation
has been confirmed in all the sub-groups of Leishmania infected
animals, regardless of the IFAT titer or the occurrence of a symp-
tomatic versus asymptomatic disease.

3.2. Areduced level of regulatory T cells and an increase in interferon-y
producing T lymphocytes characterises Leishmania infected dogs

Fig. 4 refers to the comparative analysis of Treg level in the
peripheral blood of the pathological cohort and control group. As
shown, significant reduction of the percentage of Treg (Fig. 4-A)
in the peripheral blood of the Leishmania infected cohort has been
observed (5.39 £0.72 in LD vs 7.17 £ 0.63 in controls; p < 0.05). As
shown, the reduced Treg percentage significantly correlates with
the occurrence of a high IFAT titer (4.35+0.95 in LD-H vs
7.17 £ 0.63 in controls; p <0.01). Notably, when the Treg count
was analysed in the pathological cohort versus controls (Fig. 4-B),
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Fig. 2. Significant increase of CD8" T lymphocyte subset characterises Leishmania infected dogs. Panel A and B refer percentage and count (x10~5/L) of CD8*CD3* lymphocytes
in peripheral blood of healthy animals (CTR; white column); Leishmania infected dogs (LD; grey column); infected animals with an IFAT titer > 1:160 (LD-H; right striped
column); infected animals with an IFAT titer 1:80-1:160 (LD-L left striped column); infected animals showing symptomatic disease (LD-S; pointed column); infected animals
showing asymptomatic disease (LD-A cross-lined column); Panel C and D refer percentage and count (x1075/L) of CD4*CD3" lymphocytes in peripheral blood of the dogs
categorised as previously indicated. Statistical analysis has been performed by using Mann-Whitney test. P values are indicated only for significant comparisons.
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Fig. 3. CD4"/CD8" ratio is significantly reduced in Leishmania infected dogs.
Referred values have been observed in peripheral blood of healthy animals (CTR;
white column); Leishmania infected dogs (LD; grey column); infected animals with
an IFAT titer > 1:160 (LD-H; right striped column); infected animals with an IFAT
titer 1:80-1:160 (LD-L left striped column); infected animals showing symptomatic
disease (LD-S; pointed column); infected animals showing asymptomatic disease
(LD-A cross-lined column); Statistical analysis has been performed by using Mann-
Whitney test. P values are indicated only for significant comparisons.

the difference appeared more consistent, regardless of the patho-
logical subgroup considered (12.74 + 1.59 in LD vs 27.79 + 1.94 in
controls; p<0.0001; 13.28 + 2.3 in LD-H; p<0.001; 11.80+ 1.2 in
LD-L; p<0.0001; 12.78 +2.16 in LD-S; p <0.0005; 12.77 +1.18 in
LD-A; p <0.0001). Unlike CD4 + Treg that are largely defined by
the expression of Foxp3, Foxp3 expression in CD8 + clones was
not correlated with their suppressive activity (Hu et al.,, 2012,
2013). In this study, we checked for Foxp3 expression CD8" effec-
tors, but very faint expression was observed in both controls and
Leishmania infected dogs (data not shown).

The cytokine profile has been largely described as relevant for
Leishmania spreading control (Chamizo et al.,, 2005; Carillo and
Moreno, 2009; Boggiatto et al., 2010). In order to assess whether
the immunological profile by us described (high CD8*CD3" T lym-
phocytes and reduced Treg cells), might be related with the
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induction of a specific cytokine profile in T lymphocytes, we ana-
lysed the IFN-y and IL-4 production in T lymphocytes of LD animals
as compared with healthy controls by immunofluorescence and
flow cytometry detection. The analysis has been performed after
an ON culture of PBMC, isolated from the peripheral blood of the
animals, with Medium or PMA plus lonomycin. This experimental
approach is expected to allow the analysis ex vivo of the cytokine
profile acquired by the T cells in vivo (Terrazzano et al., 2005; Ol-
sen and Sollid, 2013). As shown in Fig. 5, the percentage of Tyl T
cells (specifically producing IFN-y and negative for IL-4) in LD ani-
mals is significantly increased as compared with controls (p < 0.05)
regardless of the grouping criteria used. No significant difference
between the controls and the infected cohort was observed in
the basal production of IFN-y, detected in Medium cultures.

4. Discussion

In our report we describe a significant increase of CD8*CD3* T
lymphocytes and Tyl T cells (IFN-y*IL-4°CD3" lymphocytes)
accompanied by a significant reduction of Tregs lymphocytes in a
cohort of Leishmania infected dogs regardless of the IFAT titer or
the occurrence of clinical symptomatic disease.

Reduced percentage of CD4" T cells has been described in CL,
suggesting that CD8-dependent IFN-y production and lysis of in-
fected-macrophages can mediate protective immunity during the
disease (Guarga et al., 2000). Increased number of CD8" T effectors
has been referred to preferentially characterise asymptomatic ani-
mals (Reis et al., 2006, 2009). In addition, higher counts of T lym-
phocytes, mainly due to increased CD8" T lymphocytes and
accompanied by a decreased CD4*/CD8" ratio, were described to
characterise asymptomatic animals with positive serology and po-
sitive molecular results (Coura-Vital et al., 2011). Furthermore, the
relevance of variations in the percentage of CD3" and CD4" T cells
in mildly and severely infected dogs has been highlighted (Miranda
et al., 2007) while prolonged allopurinol monotherapy was ob-
served to improve the number of circulating CD4" T cells, but not
to restore their number to within the normal range (Papadogianna-
kis et al., 2010).

Our results indicate that increase of CD8" T cells, in presence of
normal levels of T lymphocytes can be observed in CL, regardless of
the IFAT titer or the presence of clinical signs of disease. Such
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Fig. 4. Significant reduction of percentage and Treg count have been observed in Leishmania infected dogs. Panel A and B refer percentage and count (x107/L) of
CD4*CD3*Foxp3" (Treg) cells in healthy animals (CTR; white column); Leishmania infected dogs (LD; grey column); infected animals with an IFAT titer > 1:160 (LD-H; right
striped column); infected animals with an IFAT titer 1:80-1:160 (LD-L left striped column); infected animals showing symptomatic disease (LD-S; pointed column); infected
animals showing asymptomatic disease (LD-A cross-lined column); Statistical analysis has been performed by using Mann-Whitney test. P values are indicated only for

significant comparisons.
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Fig. 5. Significant increase of IFN-y*IL-4°CD3" T lymphocytes characterises Leish-
mania infected dogs. Referred values have been observed in peripheral blood of
healthy animals (CTR; white column); Leishmania infected dogs (LD; grey column);
infected animals with an IFAT titer > 1:160 (LD-H; right striped column); infected
animals with an IFAT titer 1:80-1:160 (LD-L; left striped column); infected animals
showing symptomatic disease (LD-S; pointed column); infected animals showing
asymptomatic disease (LD-A cross-lined column); Statistical analysis has been
performed by using Mann-Whitney test. P values are indicated only for significant
comparisons.

observations confirm the relevance for CD8" T lymphocytes in the
control of intracellular-parasites (Guarga et al., 2000; Reis et al.,
2006, 2009; Miranda et al., 2007; Coura-Vital et al., 2011).

A complex network of peripheral mechanisms, co-evolved to
prevent or dampen immune-mediated diseases, usually accounts
for the regulation of the activation, expansion and recruitment of
T cell effectors in the infected microenvironment. Regulatory sys-
tems include mechanisms intrinsic to the antigen activation and
T cell differentiation as well as those mediated by regulatory sup-
pressor immune-populations, as represented by the Treg subset.
The involvement of such regulatory network is of critical relevance
in the presence of infectious agents usually associated with chronic
diseases, as represented by Leishmania. To investigate on such is-
sue, we focused the complex network of regulatory/effector T cell
populations in a cohort of 45 Leishmania infected dogs, categorised
according to their IFAT titer and the occurrence of a symptomatic
versus asymptomatic disease. In order to analyse T cell behaviour,
maintaining the biological complexity of the immune-regulatory
networks, we chose to analyse T cells in the whole blood samples
or in the bulk PBMC preparations, by using immune fluorescence
and multi parametric flow cytometry detection.

Our data consistently indicate CD8" T effector cells as a key
effector population in CL. Thus the critical role for adaptive immu-
nity in clearing intracellular parasites (Reis et al., 2006, 2009) has
been confirmed in our model. Moreover, our results indicate that
in active CL an inflammatory response, characterised by increased
levels of CD8" T cells and Ty1 T cells, might be sustained by a de-
crease of Treg. Thus, parasite persistence could maintain adaptive
cytotoxic and pro-inflammatory response by reducing Treg-depen-
dent mechanisms. Several observations, particularly on the murine
cutaneous leishmaniasis model, demonstrated that Ty1 and T2 re-
sponses via their signatory cytokines, IFN-v, and IL-4 respectively,
were counter-regulatory. However, later studies using gene-defi-
cient mice have questioned the precise role of the Ty2 response
and IL-4 in regulating the Ty1 response. Depending on the parasite
strain/species/host model studied the Ty2 response could either
promote infection or at best be irrelevant to disease progression

(Alexander and Brombacher, 2012). The presence of reduced Tregs
represents a key mechanism to optimise T cell activation and effec-
tor functions in the presence of persistent infection. Tregs have
been described to modulate recruitment and activation of immune
effectors (Sakaguchi, 2005). Thus, in active CL, Treg could hamper
inflammatory responses required for infection clearance, in such
way exacerbating the risk that the unbridled parasite growth could
lead to severe disease. On the contrary, Treg recruitment in in-
fected tissues might prevent the onset of severe immune-mediated
pathology. Thus, fine tuning of immune regulatory networks is of
critical relevance to avoid immune pathology and protect host
against pathogens. Such intriguing scenario could underlie im-
mune-mediated pathology, likely accounting for the presence of
immune-mediated auto-immune processes, very common in this
parasitic disease (Kharazmi et al., 1982; Ferrer, 1992; Terrazzano
et al.,, 2006; Solano-Gallego et al., 2009; Cortese et al., 2009,
2011). These data may provide new insights into the pathogenesis
of immune-mediated alterations associated with CL. Further stud-
ies are in progress in order to more specifically address such issue.
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Reactive oxygen species (ROS) behave as second messengers in signal transduction for a series of receptor/ligand
interactions. A major regulatory role is played by hydrogen peroxide (H,0,), more stable and able to freely dif-
fuse through cell membranes. Copper-zinc superoxide dismutase (CuZn-SOD)-1 is a cytosolic enzyme involved
in scavenging oxygen radicals to H,O, and molecular oxygen, thus representing a major cytosolic source of per-
oxides. Previous studies suggested that superoxide anion and H,0O, generation are involved in T cell receptor
(TCR)-dependent signaling. Here, we describe that antigen-dependent activation of human T lymphocytes signif-
icantly increased extracellular SOD-1 levels in lymphocyte cultures. This effect was accompanied by the synthesis
of SOD-1-specific mRNA and by the induction of microvesicle SOD-1 secretion. It is of note that SOD-1 increased
its concentration specifically in T cell population, while no significant changes were observed in the “non-T” cell

Keywords:

Human T lymphocyte
Intracellular localization
Microvesicle secretion

SOD-1 counterpart. Moreover, confocal microscopy showed that antigen-dependent activation was able to modify SOD-
T cell activation 1 intracellular localization in T cells. Indeed, was observed a clear SOD-1 recruitment by TCR clusters. The ROS
TCR triggering scavenger N-acetylcysteine (NAC) inhibited this phenomenon. Further studies are needed to define whether
SOD-1-dependent superoxide/peroxide balance is relevant for regulation of T cell activation, as well as in the

functional cross talk between immune effectors.
© 2013 Elsevier B.V. All rights reserved.
1. Introduction Several studies have been suggesting that TCR-dependent T cell

T cell activation is a complex phenomenon in which intracellular
signals, mediated by the engagement of TCR, are integrated by a variety
of ligand/receptor interactions whose outcome is to finely tune antigen-
dependent T cell response [1]. T lymphocytes play a pivotal role in the
orchestration of the immune response and TCR-mediated signaling is
a critical event to properly channeling the immune response and to ob-
tain pathogen control and self-tolerance [2].
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activation induces ROS production [3-5]. Different enzymatic sources,
such as the mitochondrial respiratory chain [6], lipooxygenases,
NADPH oxidases NOX2 and DUOX1 [7,8], have been described to con-
tribute to ROS generation upon TCR triggering. In the light of these ob-
servations, the involvement of multiple anti-oxidant enzymes in fine
tuning of antigen-dependent T cell response can be hypothesized.

TCR stimulation generates both H,0, and superoxide anion [8,10]
and antioxidant enzymes specific for H,0, enhance and/or prolong
TCR-dependent ERK activation, while those specific for superoxide
anion have no effect [11].

ROS include oxygen superoxide, hydrogen peroxides, hydroxyl
radicals and peroxides. They represent a normal product of cellular
metabolism and play relevant roles in innate defense against pathogens
[12]. Several receptor/ligand interactions, as represented by TGF-beta
[13], insulin [14], angiotensin Il [15] and EGF [16] have been correlated
to the presence of ROS. In this context, ROS appear to act as key second
messenger regulating several crucial cellular responses, as protein ki-
nase activation, gene expression and cell proliferation/apoptosis [17].
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H,0, is more stable than other short-lived ROS molecules (1 minute
half-life). It is electrically neutral and it can diffuse inside the cell and
freely through cell membranes. In addition, H,0, can be rapidly gen-
erated and easily scavenged by numerous mechanisms, thus sharing
several features with well-known second messengers [18-20].

SOD molecules mediate scavenging of ROS, to H,0, and molecular
oxygen. They belong to a large family of isoenzymes that mediate
cellular response to oxidative stress and represent the main enzy-
matic source of peroxides [21]. All mammalian cells express both
the intra-mitochondrial Mn-SOD and the cytosolic dimeric CuZn-SOD
(SOD-1), while the tetrameric extracellular CuZn-SOD isoenzyme
seems to be selectively expressed by specific cell populations
[22,23]. Hyperoxia and copper availability accelerate both the syn-
thesis and activity of Cu,Zn SOD [24]. Significant control of ROS sig-
naling depends on its spatially restricted production at intracellular
sites, where redox-regulated signal occurs [25]. In this context, SOD-1
recruitment has been described in redox-dependent TNF-alpha and
IL-1 receptor-induced endosomes [26,27]. In addition, SOD-1 associates
with Rac-1-regulated NADPH oxidase complexes in different mouse
tissues and cell lines [28].

SOD-1 may be released in vitro by fibroblasts, hepatocytes [29],
human neuroblastoma cells [30] and Sertoli cells [31]. The extracellular
release of such enzyme is related to specific stress conditions [32].
ER/Golgi involvement in SOD-1 secretion has been described
[33-36], while it is unclear how this cytosolic protein can be targeted
into the ER/Golgi network.

SOD-1 is constitutively secreted by microvesicles in some cell
lines through an ATP dependent mechanism [37]. The intracellular
increase of the enzyme can be observed in neuroblastoma SK-N-BE
cells when they are exposed to oxidative stress [37]. Recently, it
has been shown that SOD-1 secretion is induced by high level of ex-
tracellular K* in GH3 rat pituitary cells [38] and that the enzyme in-
teracts with membrane of neuroblastoma SK-N-BE cells activating a
phospholipase/protein kinase C pathway, able to increase intracellu-
lar calcium [39,40].

Receptor-ligand interactions, involving members of hematopoietin
receptor super family and EGF, have been described to mediate extra-
cellular H,0, generation [41,42]. Moreover, exogenously added H,0,
is able to induce signals in the absence of ligands, whereas catalase
is able to inhibit such effect [43,44]. A role for SOD-1 in modulating
ROS-dependent intra-cellular and inter-cellular signaling might be
hypothesized.

Communication between immune cells involves the secretion of
several proteins, like the cytokines, and the presence of their recep-
tors on neighboring cells. This type of intercellular “dialog” may involve
the release of membrane vesicles, like exosomes. These vesicles can
affect cell physiology inducing intracellular signaling and conferring
them new biological properties [45,46]. Peripheral blood human T
cells, T cell clones and Jurkat T cells are able to release microvesicles
in the culture medium. The microvesicle production is finely regulated
and, notably, it increases upon TCR triggering [47].

In previous papers, we showed that cytosolic SOD-1 is secreted by
several cell types [29,30,37] and it is also released in primary lym-
phoid organs, as represented by human thymus [48]. These observa-
tions suggest a paracrine role for SOD-1.

Multiple cytokines have been observed to regulate the expression
of the tetrameric form of extra-cellular SOD-1 [49], while no data are
available on the role of dimeric, cytosolic SOD-1 in functional adaptive
immune effectors. Therefore, the role for SOD-1 in ROS-dependent sig-
naling as well as in the communication between immune effectors
needs to be addressed.

This study is aimed to investigate whether cytosolic SOD-1 might be
part of the molecular network involved in TCR triggering. With this pur-
pose SOD-1 intracellular level and localization, as well as SOD-1
microvesicle secretion have been investigated in TCR-triggered human
T lymphocytes.

2. Material and methods
2.1. Cells

Peripheral blood mononuclear cells (PBMCs) were isolated from
10 healthy donors, after informed consent, by centrifugation of pe-
ripheral blood on Ficoll-Paque cushion (GE Healthcare, Uppsala,
Sweden) gradient. T cells have been isolated from PBMC by using a
negative isolation kit (Invitrogen Corporation, Carlsbad, CA, USA)
and following the manufacturer's instructions. PBMC or T cells
(1 x 10%/ml) were cultured in 96 well flat-bottomed plates (Falcon)
in RPMI 1640 medium with 2% FCS (Invitrogen, Carlsbad, CA, USA).
TCR triggering was performed by anti-CD3 mAb (Becton Dickinson,
Mountain View, CA, USA) at 5 ng/ml or by using anti-CD3/anti-
CD28 beads (Invitrogen), at 0.3 bead/cell. This activation strategy
has been largely demonstrated to mimic antigen-dependent T cell
triggering. To analyze TCR-dependent SOD-1T cell export, distinct
experiments were performed in the presence of Brefeldin-A, (BFA)
at 5 ug/ml or of 1 mM methylamine, all purchased from Sigma-
Aldrich (Milan, Italy), as described [37]. Cell viability was evaluated
by using Propidium lodide (PI) (Sigma-Aldrich) labeling and flow cy-
tometry detection [37] as well as by analyzing lactate dehydrogenase
(LDH) activity in culture supernatants by using the Roche Molecular
Biochemical LDH kit (Mannheim, Germany). Written informed con-
sent (model n. 5526 of Azienda Ospedaliera Universitaria “FEDERICO
II") was obtained from each donor at the time of venous peripheral
blood donation. All the experiments done by using blood donations
were performed and analyzed anonymously, without any biograph-
ical reference to donors.

2.2. ELISA

The quantitative detection of human SOD-1 in medium of cultured
PBMC was carried out using the Bender Med System kit (Bender
Med System Diagnostic, Vienna, Austria), as described [37]. Results
were always normalized for total protein content of the tested sample.
SOD-1 ELISA detection has been always performed on culture superna-
tants immediately frozen at —80 °C. Protein concentrations were de-
termined according to the method of Lowry et al. [50] using BSA, as
standard.

2.3. RNA preparation, semi-quantitative RT-PCR and DNA sequencing

Analysis of SOD-1 specific RNA has been performed, as described
[51]. Briefly, total RNA was extracted with High Pure RNA isolation kit
(Roche Italia, Milano, Italia), according to the manufacturer's instruc-
tions. Traces of contaminated DNA were removed with DNAse I treat-
ment. Quantification was achieved in a single reaction by using the
housekeeping (3-actin gene as internal standard. To rule out genomic
DNA contamination we performed a negative control that contained
RNA instead of cDNA. The signal intensities of PCR products were sepa-
rated on a 1.2% agarose gel and were visualized by ethidium bromide
staining. The products' signal intensities were determined by computer-
ized densitometric analysis using Fotoplot software. The expression of
SOD-1 was normalized to 3-actin mRNA levels. To check the specificity
of the amplified products, DNA bands were eluted from the gel and pu-
rified; sequence analysis was determined by the Big Dye Terminator
Cycle Sequencing method (ABI-PRISM Sequencer 310 Perkin-Elmer).

2.4. Microvesicle isolation and western blotting for SOD-1 detection

To purify the membrane microvesicle-containing fraction, superna-
tants were collected immediately after culture and treated, as described
[52]. Briefly, they were sequentially centrifuged at 500 g for 15 min to
remove cellular debris and again at 10,000 g for 20 min. The obtained
supernatant was collected and further centrifuged at 100,000 g for
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2 h. The resulting pellet was then collected and considered to represent
the enriched membrane vesicle fraction. Western blotting analysis of
the purified material was performed as previously described [37]. Com-
parative analysis of SOD-1 was performed by using 40 pg of total
proteins.

2.5. Immunofluorescence and flow cytometry analysis

Intracellular SOD-1 content was evaluated anti-SOD-1 mAb and FITC
labeled anti-mouse IgG secondary antiserum (Sigma-Aldrich) staining
of permeabilized cells and immunofluorescence technique. A commer-
cial fixing/permeabilization kit, purchased from Becton Dickinson was
always employed, following the manufacturer's instructions. For the
analysis of SOD-1 content in distinct cell subsets and to evaluate T cell
activation after TCR triggering, co-staining with FITC, PerCP or APC la-
beled anti-CD3, anti-CD45 and anti-CD69 mAb was performed. Labeled
antibodies and isotype-matched controls were purchased from Becton
Dickinson. T cell staining and activation were performed by anti-CD3
mAD recognizing different CD3 epitopes. Cell death was always less
than 5% as evaluated by using PI (Sigma-Aldrich) staining. Immunoflu-
orescence, flow cytometry and data analysis were performed by using a
two laser equipped Becton-Dickinson FACSCalibur flow cytometer and
the Cell Quest analysis software.

2.6. Fluorescence microscopy

PBMC or purified T cells (0.5 x 10°) were adhered to polylysine-
coated glass slides for 16-18 h at 37 °C. When indicated, the above pop-
ulations were stimulated with anti-CD3 mAb CLB-CD3/4E at 1:100 asci-
tes dilution or anti-CD3/anti-CD28 beads (at 0.3 bead/cell) and 1 mM
NAC [53]. Cells were incubated at 37 °C and immediately fixed with
3% paraformaldehyde solution. Fixed cells were incubated with FITC la-
beled anti-CD3 and anti-human Cu,Zn SOD-1 rabbit antibody (Santa
Cruz Biotechnology, CA, USA) for 45 min in a humidified chamber,
washed three times with PBS and incubated with Alexa Fluor 594-
conjugated goat anti-rabbit secondary antibody (Molecular Probes,
Life Technologies) for additional 45 min at 37 °Cin the same conditions.
After 3 washes with PBS the glass slides were mounted using a 50% so-
lution of glycerol in PBS and examined with a Zeiss LSM 510 confocal
microscope with a 63 x oil immersion objective (N.A. 1,4) at room tem-
perature. Pictures were taken from selected fields of control and treated
samples.

2.7. Cell to cell aggregate evaluation

To evaluate cell aggregation, PBMCs were cultured in 96 wells flat
bottomed microtiter plates (Falcon) in the presence of Medium, anti-
CD3 and 1 mM NAC (Sigma-Aldrich), as indicated. This NAC concen-
tration was demonstrated in preliminary experiments to completely
block ROS formation, as described [54]. Contrast phase microscopy
analysis was performed with a Leitz DIAVERT microscope with a
10x objective at room temperature. Pictures were taken from selected
fields by using a digital Nikon Coolpix Camera. NAC treatment was un-
able to significantly affect T cell viability and proliferation, as evaluated
by PI staining after 1 to 5 h of culture and H thymidine incorporation
after 72 h of culture. Quantification has been performed by counting
the number of cell aggregates (identified by the presence of at least 8
clustered cells) in the cell culture of 1 x 10° PBMC plated on the flat-
bottomed microtiter wells.

2.8. Statistical analysis

Statistical evaluation of data, by InStat 3.0 software (GraphPad
Software Inc., San Diego, California, USA), has been performed by
means of the Mann-Whitney test or Paired t test, as indicated.

Two-sided p values of less than 0.05 were considered to indicate sta-
tistical significance.

3. Results

3.1. TCR triggering induces both intracellular increase and BFA-dependent
secretion of SOD-1 in human T lymphocytes

To investigate whether antigen-dependent T cell activation in-
duces SOD-1 production and extracellular secretion, we measured
the release of this enzyme in supernatants of PBMC cultured from
15 min to 18 h in presence of Medium alone or with anti-CD3 mAb,
that induces the TCR triggering mimicking antigen-dependent activa-
tion of T lymphocytes. As shown in Fig. 1A, human PBMC cultures se-
creted small amount of SOD-1 that remained substantially stable from
15 min till to 18 h of culture. Anti-CD3 treatment slightly, but signifi-
cantly (p < 0.05), increased such basal secretion. The increment was
detectable after 4 h of culture and reached the highest level after 18 h
of activation. This effect was independent on cell damage, always eval-
uated by PI labeling (Fig. 1B) and significantly correlated with TCR-
dependent activation, as revealed by the up-regulation of the activation
molecule CD69 (Fig. 1C). Therefore, TCR-triggering was associated with
the induction of SOD-1 secretion in human lymphocytes.

To ascertain whether such secretion was sustained by up-regulation
of SOD-1 gene transcription, we analyzed SOD-1 specific mRNA. As
shown in Fig. 2, an increase of more than 70% of SOD-1 specific
mRNA has been observed in the cultures treated with anti-CD3
mAb as compared with resting cells. Therefore, antigen-dependent
T cell activation induced SOD-1 secretion that was sustained by the
increase of SOD-1 transcription in the whole PBMC population.

To evaluate whether SOD-1 export might be part of micro-vesicle
production upon TCR triggering, we purified the micro-vesicle frac-
tion from the supernatants of 18-hour cultures of PBMC and purified
T cells. TCR triggering of PBMC was performed with anti-CD3 mAb. In
order to mimic costimulatory signals, usually mediated by accessory
cells, a combination of anti-CD3/anti CD28 beads was used to fully
activate purified T cells, as described [1]. Fig. 3 shows western blot-
ting analysis of SOD-1 in the enriched membrane vesicle fractions.
Fig. 3A-B reports one representative experiment, while Fig. 3C refers
the analysis of data obtained in all the six experiments performed in
PBMC cultures. The comparison revealed the occurrence of a mean
25% increase of SOD-1 content in the enriched membrane vesicle
fraction obtained from anti-CD3 treated lymphocytes (p < 0.01). As
shown, in the enriched membrane vesicle fraction isolated from
anti-CD3/anti-CD28 treated T cells, a more consistent increase of
SOD-1 content was observed (Fig. 3D-F). Indeed, a mean increase
>120% of SOD-1 content was evidenced in three experiments per-
formed with purified T lymphocytes (p < 0.05).

To investigate whether other cell populations, present in PBMC,
contribute to SOD-1 production and secretion in response to TCR-
triggering, we analyzed intra-cellular SOD-1 levels in the T cell sub-
set and in the “non-T” counterpart in a mixed context. This evalua-
tion was performed by the combination of immune fluorescence
and flow cytometry detection, to preserve the biological complexity
of antigen-dependent T cell response and allow specific detection of
SOD-1 in the T cell subset and in “non-T” population (Fig. 4A). As
shown (Fig. 4B), very low amount of intracellular SOD-1 was ob-
served in all the “resting” lymphocytes (T and non-T cells).

After TCR-triggering, the up-regulation of SOD-1 intracellular level
was observed only in T lymphocytes if compared to non-T cells (Region
1 versus Region 2 in Fig. 4C).

To investigate the pathway involved in SOD-1 secretion, we ana-
lyzed intracellular SOD-1 retention in T cells in the presence of BFA
(Fig. 4D) or methylamine (Fig. 4E) described to block ER/Golgi intracel-
lular network and cell endocytosis, respectively [51,52]. In this regard,
BFA but not methylamine treatment induced significant increase of
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Fig. 1. SOD-1 concentration in anti-CD3 triggered cultures of human lymphocytes. (A) SOD-1 amount in supernatants of PBMC cultured in the presence of Medium (black squares) or anti-
CD3 (white squares). SOD-1 concentrations were analyzed in undiluted samples by using ELISA assay; results were normalized for total protein content of the tested sample. Each point
refers mean value obtained in five independent experiments; error bars indicate SEM. * indicates the occurrence of statistically significant (p < 0.05) higher SOD-1 concentration in anti-
CD3 treated cultures. (B and C) Pl and CD69 labeling of PBMC cultured O.N. with Medium or anti-CD3, as indicated. Results refer to one of five independent experiments. As shown (B), no
significant differences have been observed in PI staining profiles of PBMC cultured with Medium and anti-CD3; (C) CD69 staining profile (bold line) of PBMC cultured with Medium or anti-
CD3, as indicated; broken line indicates isotype control; as shown, activated PBMCs were characterized by significant increase of the activation molecule CD69.

the enzyme content in T cells. No significant changes in intracellular
levels of SOD-1 were observed in “non-T” cell population, in the same
experimental conditions (Fig. 4F). Notably, none extracellular SOD-1 in-
crease was detected by ELISA in anti-CD3 cultures incubated with BFA
(data not shown).

Fig. 4G-I reports the statistical comparisons of SOD-1 intracellular
amount in PBMC (Fig. 4G), in T cells (Fig. 4H) and “non-T” cells
(Fig. 4l), as evaluated by considering the mean fluorescence intensity
(MFI) values obtained in all the 4 experiments performed. As shown,
no significant changes in SOD-1 levels were observed in the absence of
TCR triggering. Thus, SOD-1 amount was strictly dependent on antigen-
mediated T cell activation. Indeed, anti-CD3 treatment significantly
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Fig. 2. Anti-CD3 treatment induces significant increase of SOD-1 mRNA in human lympho-
cytes. (A) Densitometric arbitrary units ratio between SOD-1 and beta actin in Medium
and anti-CD3 treated cultures. Results refer one of five independent experiments. mRNA
was measured by RT-PCR, as detailed in Material and methods section. (B) Comparative
analysis of SOD-1 mRNA percent increase in all the five experiments performed. For
each experiment mRNA amount in Medium cultured PBMC was considered the reference
value (100) for calculation of percent increase in the anti-CD3 treated culture. As shown, a
mean increase of more than 70% of SOD-1 specific mRNA has been observed in anti-CD3
treated PBMC. Error bars indicate SEM. Statistical analysis has been performed by using
Paired t test.

increased SOD-1 intracellular level (p < 0.005) in the whole lympho-
cyte population (Fig. 4G). This effect specifically characterized the T
cell subset (p < 0.005; Fig. 4H), while no differences were observed
in the “non-T” population (Fig. 41). Moreover, the block of ER/Golgi
network, mediated by BFA treatment, was observed to mediate signifi-
cant (p < 0.05) intra-cellular SOD-1 retention only in T lymphocytes
(Fig. 4H). Similar results have been obtained by anti-CD3/anti-CD28
triggering of purified T cells (data not shown). As control, intracellular
accumulation of Interferon-gamma was specifically detected in TCR
triggered cultures treated with BFA (not shown).

3.2. TCR and SOD-1 co-localize and cluster after TCR-triggering in human T
cells

We analyzed SOD-1 and TCR cellular localization by confocal mi-
croscopy after 2 min of culture in the presence of Medium alone or
with anti-CD3. Fig. 5 shows TCR and SOD-1 co-staining after 2 min
of culture with Medium alone (Fig. 5A) or anti-CD3 (Fig. 5B and C).
As expected, the homogeneous surface TCR distribution observed
in resting T cells (Fig. 5A) was completely changed by anti-CD3 trigger-
ing (Fig. 5B and C). Indeed, significant TCR clustering (Fig. 5B and C)
characterized activated T cells. SOD-1 staining revealed a quite homoge-
neous intracellular distribution of the enzyme in resting T cells; staining
profiles also confirmed the presence of SOD-1 at very low levels in
human T lymphocytes (see Fig. 4).

Notably, confocal microscopy revealed that TCR triggering was
able to induce a clustered distribution of SOD-1 enzyme (Fig. 5B
and C). Merged images clearly showed that TCR clusters have been
recruiting intracellular SOD-1, whose localization strictly reflected
TCR distribution (Fig. 5B and C). TCR/SOD-1 co-localization disap-
peared 20 min after anti-CD3 treatment (not shown). To preserve
the physiological complexity, we chose to perform the analysis in
PBMC population as a whole and we identified T cells by labeling
with specific antibodies. In this model, TCR triggering is allowed by
the physiological cross talk between T cells and autologous antigen
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experiments. For each experiment, SOD-1 amount in Medium cultured PBMC was considered the reference value (100) for calculation of percent increase in the anti-CD3 treated culture.
As shown, a mean increase of 25% was observed in the microvesicle-enriched fraction obtained from the supernatants of anti-CD3 treated PBMC. (D) Flow cytometry analysis of a typical
purified T cell population isolated by using negative selection strategy, as indicated in the Material and methods section. As shown, T lymphocytes (CD3* cells) represent more than 98% of
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purified T cells. Error bars indicate SEM. Western blot comparative analysis of SOD-1 has been always performed on aliquots of enriched microvesicle fractions containing 40 pg of

total proteins. Statistical analysis has been performed by using Paired ¢ test.

presenting cells (APC). Notably, we never observed a TCR clustering
decoupled from SOD-1 co-localization. No significant changes in
SOD-1 intracellular localization were observed in “non-T” popula-
tion after anti-CD3 triggering (not shown). Notably, SOD-1/TCR in-
tracellular co-clustering was observed also in anti-CD3/anti-CD28
triggered purified T cells (not shown).

To investigate whether SOD-1/TCR co-localization in anti-CD3 ac-
tivated T cells is dependent on ROS bioavailability, we performed ex-
periments in the presence of the ROS scavenger NAC at 1 mM
concentration. In this condition, TCR clustering was significantly re-
duced (from 70 to 95% in NAC/anti-CD3 co-cultures). As shown,
NAC significantly inhibited both TCR and SOD-1 clustered localiza-
tion (Fig. 5D). Indeed, TCR was homogeneously distributed on cell
membrane, similarly to what was observed in resting condition

(Fig. 5A). SOD-1 co-staining in anti-CD3/NAC treated lymphocytes
also resembled basal images with the presence of small areas of faint
cytosolic accumulation (Fig. 5D). Merged images revealed a clear-cut
distinct distribution of TCR and SOD-1 in anti-CD3/NAC treated T cells.
Thus, ROS availability significantly affected activation-dependent
TCR/SOD-1 re-localization in human T cells.

To ascertain whether ROS availability might also affect the cell-
to-cell aggregation dependent on TCR triggering, we analyzed the ef-
fect of NAC incubation on early cell clustering (usually detectable
after 45 min of incubation with anti-CD3). As shown in Fig. 6, anti-
CD3-sitimulation was able to induce cell aggregation after 1 h of
treatment (Fig. 6C). Such effect became more evident after 3 h of in-
cubation (Fig. 6G). Anti-CD3/NAC co-treatment severely impaired
anti-CD3 induced cell clustering after 1 h of incubation (Fig. 6D).
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Fig. 4. Significant increase of intracellular SOD-1 and BFA-dependent SOD-1 export can be specifically demonstrated in anti-CD3 triggered human T cells. (A) Gating criteria for the iden-
tification of the “T cell subset” (R1) and of the “non-T population” (R2) in a PBMC culture; (B) SOD-1 staining profile of T cells (bold line) and “non-T population” (plain line) in O.N. Me-
dium cultured PBMC. Dotted lines show the isotype control. As shown, similar, very low amount of intracellular SOD-1 characterizes both population. (C) SOD-1 staining profile of T cells
(bold line) and “non-T population” (plain line) in anti-CD3 cultured PBMC. Dotted lines show the isotype control. As shown, specific increase of SOD-1 intracellular content can be observed
in the T cell subset (bold line) as compared with the “non-T” counterpart (plain line); (D) SOD-1 staining in T cell population (R1) cultured with anti-CD3 alone (plain line) or in the pres-
ence of BFA (bold line). Dotted lines show the isotype control. As shown, anti-CD3/BFA co-culture increases intracellular SOD-1 content in T cell population. (E) SOD-1 staining in T cell
population (R1) cultured with anti-CD3 alone (plain line) or in the presence of methylamine (bold line). Dotted lines show the isotype control. As shown, no significant changes in
SOD-1 intracellular levels can be observed in anti-CD3/methylamine co-cultures. (F) SOD-1 staining profiles of “non-T population” (R2) in anti-CD3 cultures (plain line), in BFA/anti-
CD3 co-cultures (bold line) or in methylamine/anti-CD3 cultures (broken line). Dotted lines show the isotype control. As shown, no significant changes in SOD-1 intracellular content
have been observed. Results refer one of 4 independent experiments. (G-I) Column graphic reports the means of SOD-1 fluorescence intensities observed in 4 independent experiments
in the whole PBMC population (G), in the T cells (H) and in the “non-T” population (I). White columns indicate SOD-1 levels in cells, cultured as indicated; gray columns indicate SOD-1 in
BFA co-treated cultures; striped columns refer SOD-1 in methylamine co-treated cultures.

Quantification has been performed by direct counting of cell aggre-
gates, identified by the presence of at least 8 clustered cells, in the
microtiter wells. Comparative analysis showed a cell aggregate inhi-
bition 0f 83.64 + 1.62 in anti-CD3/NAC co-treated cultures in 6 inde-
pendent experiments; (p < 0.05). This inhibition was transient and
progressively decreased, likely mirroring the ROS scavenging activity
of NAC. Indeed, after 3 h of NAC/anti-CD3 incubation a percentage of
clustering inhibition of 55.35 £ 2.23 was observed in 6 independent
experiments (Supplementary Table S1). The inhibiting effect of NAC
co-incubation completely disappeared after 6 h of anti-CD3/NAC co-

treatment. NAC co-incubation was unable to mediate significant effects
on cell viability and proliferation (not shown).

4. Discussion

This study revealed that SOD-1 is part of the network of mole-
cules involved in antigen-dependent T cell response. SOD-1 was re-
cruited by antigen triggered TCR and its intracellular content was
specifically upregulated in human T cells after 16-18 h of anti-CD3
incubation. Moreover, SOD-1 was secreted by a BFA-dependent
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Fig. 5. Anti-CD3 triggering induces ROS-dependent TCR and SOD-1 co-clustering in activated lymphocytes. (A) Confocal microscopy image of CD3 (green) and SOD-1 (red) in resting T
cells. A homogeneous, distinct, membrane and intracellular distribution of the TCR and SOD-1 can be appreciated. (B and C) After 2 min of anti-CD3 treatment a clustered distribution
of TCR can be observed (white arrows). SOD-1 distribution becomes strongly clustered and resembles that of TCR (white arrows). This cell re-localization is better showed in panel C
where a single cell has been focused. Merged images show that TCR clusters recruit intracellular SOD-1, whose localization strictly reflects TCR distribution (white arrows). (D) anti-
CD3/NAC co-incubation induces a homogeneous TCR surface distribution. SOD-1 localization also resembles basal images, with the presence of small areas of faint cytosolic accumulation.

Merged images reveal a clear-cut distinct distribution of TCR and SOD-1.

microvesicle pathway by TCR triggered T cells. These effects have
been observed maintaining the biological complexity of antigen-
dependent T cell response and confirmed in purified T cells activated
by anti-CD3/anti-CD28 beads.

We showed that extra-cellular SOD-1 is increased in PBMC cultures
after anti-CD3 treatment. This effect was accompanied by both the
induction of SOD-1 mRNA and increase of SOD-1 containing micro-
vesicles in culture supernatants. Moreover, we identified the T cell
population as the specific target for SOD-1 induction and extra-
cellular export. Therefore, TCR-dependent activation behaves as a
triggering element for SOD-1 production and secretion by human T
cells.

SOD-1 production is induced in neuroblastoma SK-N-BE cells
after oxidative stress [30,37]. Moreover, other and our data showed
that cytosolic SOD-1 is secreted by many cell lines carrying out a
paracrine modulatory role [30,31,37] and SOD-1 extracellular export
was by us described in primary lymphoid organs [48].

Induction of extra-cellular export of SOD-1 after TCR-triggering
proposes a more complex physiological involvement of such enzyme
in T cell activation. In this study, we described that a BFA-dependent
secretion mechanism [54] characterized SOD-1 micro-vesicle inter-
cellular trafficking upon antigen-dependent immune response. No
effect has been observed in the presence of methylamine that im-
pairs cell endocytosis [55]. Thus, a major involvement of endocytic
recycling pathways might be excluded. Such mechanism, previously
described in neuronal model [30-34,37], represents an intriguing
issue for further investigations.

SOD-1 is a cytosolic protein lacking signal peptide and consequently
considered to be excluded from ER translocation. The small amount of

wild type SOD-1 detected in ER-Golgi apparatus [36], does not support
the direct involvement of this organelles in SOD-1 secretion. Moreover,
the possible interference of BFA, a classical inhibitor of ER-Golgi depen-
dent protein secretion, in vesicular pathways not directly involving ER-
Golgi apparatus cannot be excluded. In this context, our data propose
that SOD-1 could be part of the micro-vesicle-dependent pathways
functioning as secondary messenger between immune cells [45-47].

A number of data indicate that exogenously added H,0, induced sig-
nals in the absence of ligands, whereas catalase is able to inhibit such ef-
fect [42,43,56]. Moreover, the observations that production of catalase
characterizes many pathogens [57] and that viral infection modulates
H,0, production [58] confirm the multiple roles played by extracellular
H,0, in the activation processes of lymphocytes [59].

We consistently found that antigen-dependent T cell triggering
mediated changes in the intra-cellular localization of SOD-1 that
was observed to co-localize with clustered TCR. This event was
dependent on ROS availability since it was impaired by NAC co-
treatment. ROS production is an essential component in signaling
cascades that mediate actin cytoskeleton rearrangements. Small G
protein Rac, a key element in the network assembly of actin in
lamellipodia [60-62] participates in activation-dependent ROS pro-
duction by different cell types [63,64]. Moreover, Rac-mediated
ROS production results in the downmodulation of Rho activity thus
regulating cellular morphology and migratory behavior [65]. SOD-1
associates with Rac-1 regulated NADPH oxidase complexes in different
mouse tissues and cell lines [28]. In this context, massive ROS scaveng-
ing is expected to disrupt ROS-dependent regulation of cell contractility
and motility. This event could account for the TCR/SOD-1 intracellular
redistribution (Fig. 5). The impairment of early cell aggregation in
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Fig. 6. NAC treatment inhibits early activation-induced aggregation of TCR triggered lym-
phocytes. Contrast phase microscopy images showing 1 and 3 hour cultures of PBMC incu-
bated with Medium (A and E), NAC (B and F), anti-CD3 (C and G) or anti-CD3 and NAC (D
and H). As shown, significant cell aggregation is observed in anti-CD3 triggered cells. Lym-
phocyte clustering is significantly inhibited in the anti-CD3/NAC co-treated cultures; (D)
after 1 h of incubation. Quantification is performed by counting cell aggregates, identified
by the presence of at least 8 clustered cells. Comparative analysis (see Supplementary
Table S1) shows a 83.64 4 1.62 inhibition of cell aggregates in anti-CD3/NAC co-treated
cultures in 6 independent experiments; (p < 0.05). (H) After a 3 hour period the
inhibiting effect of NAC treatment is observed to be lowered (55.35 + 2.23 inhibition of
cell aggregates in 6 independent experiments). Quite normal clustering of anti-CD3 treat-
ed PBMC is observed at longer culture time in anti-CD3/NAC co-treated cells (not shown).
Results show one representative experiment of the six performed.

presence of anti-CD3/NAC co-treatment (Fig. 6) strongly supports such
hypothesis.

Compelling evidences indicate that ROS, together with their essen-
tial role in innate antimicrobial defense [12], are critically involved in
the regulation of antigen-dependent response of adaptive immune
effectors [10,11,66-69]. Exposure of T cells to oxidant agents, such
as pervanadate or H,0,, induces and/or enhances TCR signaling dur-
ing T cell activation [70-72]. TCR-dependent signaling generates
both superoxide anion and H,0, that selectively regulate antigen-
dependent proliferation and Fas ligand expression by T effectors
[10]. An oxidative signal implies its tight regulation and transient
character. Thus, in the presence of multiple intracellular ROS sources
[6-9], the involvement of multiple anti-oxidant mechanisms in fine
tuning of antigen-dependent T cell response can be hypothesized. In-
deed, Mn-SOD/SOD-2 a major mitochondrial antioxidative enzyme
has been consistently associated with T cell activation [73] and a
role of catalase, glutathione and thioredoxin has been also proposed
[74].

In the models of ROS generation upon stimulation of receptors it
has been shown that H,0, is the relevant oxidant species that regu-
late signaling [18-20]. Notably, H,0, has a short half-life in the re-
ducing environment of the cytosol, and it acts close to its site of
production. Thus, an important aspect of ligand-dependent TCR acti-
vation might be the rapid translocation of receptors to a source of
H,0, or, vice versa, the clustering of such a source to the receptor.
To this regard, our data strongly support the hypothesis that SOD-1
intracellular localization in antigen-triggered T cells could provide
H,0, generation in the cell compartment specifically involved in
tuning antigen-dependent signals.

A number of data suggested the role for H,0; as key modulator of
protein phosphorylation on either serine-threonine and tyrosine

residues [75]. Indeed, all protein tyrosine phosphatases (PTPs) contain
an essential cysteine residue in the signature active enzyme site motif
that has been demonstrated to be target of specific H,O, oxidation.
The H,0,-mediated inhibition of PTP activity is expected to result in a
shift of protein tyrosine kinases toward protein phosphorylation. The
involvement of SOD-1 in such regulatory pathways has been suggested
[76].

Our data on SOD-1 intracellular re-localization upon TCR-triggering
suggests that SOD-1 could directly modulate kinase/phosphatase ac-
tivity related to proximal TCR signaling. The evidence [10] that anti-
CD3 induced ERK phosphorylation requires H,O, but is independent
on superoxide anion, strongly supports such hypothesis. Thus, sub-
cellular compartmentalization of H,O, generating enzymes (like
SOD-1) could represent a relevant element in achieving the superoxide/
peroxide balance required to optimize antigen-dependent T cell response.

Taken in all, our data suggest that SOD-1 is part of the molecular
network involved in antigen-dependent T cell response. At the best
of our knowledge, this is the first observation revealing a relation-
ship between SOD-1 secretion/intracellular re-localization and the
antigen dependent T cell activation. Further studies are needed to inves-
tigate on the involvement of SOD-1 in the regulation of TCR signaling
cascades as well as in the functional cross talk between immune
effectors.

5. Conclusion

This study reports for the first time that SOD-1, a major physiological
regulator of cytosolic superoxide/peroxide balance, is part of the molec-
ular network involved in antigen-dependent T cell activation. Indeed,
we observed: i. mRNA induction and increased levels of extra-cellular
SOD-1 containing micro-vesicles in anti-CD3 triggered cultures; ii. in-
crease of intra-cellular SOD-1 and BFA-dependent SOD-1 microvesicle
secretion in TCR-triggered T cells; iii. TCR/SOD-1 co-localization was ob-
served in anti-CD3 treated T cells.

Further studies are needed to establish whether SOD-1 is involved in
modulating ROS-dependent intra-cellular and inter-cellular signaling in
antigen triggered human T cells.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.bbamcr.2013.10.020.
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