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ABBREVIATIONS

ADCC: antibody-dependent cell-mediated cytotoxicity
APC: antigen presenting cell

CBA: Cytometric Bead Array

CD: cluster of differentiation

cDNA: complementary DNA

CDRs: complementarity-determining regions

CIDP: chronic inflammatory demyelinating polyneuatipy
CIDS: central nervous system injury-induced immdagciency syndrome
CNS: central nervous system

CRIM: cross-reacting immunologic material

CT: computer tomograph
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DNA: deoxyribonucleic acid

ERT: enzyme replacement therapy

FACS: fluorescence-activated cell sorting

FVIII: factor VIII

FasL: Fas ligand

FITC: fluorescein isothiocyanate
aGalCer:a-galactosylceramide

GAA: acida-glucosidase

GOS: Glasgow Outcome Scale

ICOS: inducible co-stimulatory molecule

IFN: interferon

Ig: immunoglobulin

IL: interleukin

INKT: invariant natural killer T

mAb: monoclonal antibodies

MAIT: mucosal-associated invariant T

MHC: major histocompatibility complex

MRNA: messenger RNA



MS: multiple sclerosis

NIHSS: National Institutes of Health Stroke Scale
NK: natural killer

NKT: natural killer T

PB: peripheral blood

PBMC: peripheral blood mononuclear cell

PBS: phosphate-buffered saline

PE: phycoerythrin

PMA: phorbol-myristate-acetate

PNS: peripheral nervous system

RCC: renal cell carcinoma

rhGAA: recombinant humasmglucosidase

RNA: ribonucleic acid

RT-PCR: reverse transcription polymerase chaintieac
SEM: standard error of the mean

SSCP: single-strand conformation polymorphism
TCR: T cell receptor

Th: T helper

TIA: transient ischemic attack

TNF: tumor necrosis factor

Treg: regulatory T cell



1. INTRODUCTION

1.1 The immune system

The major function of the immune system is to rexpg colonizing microbes,
infected cells and tumors and professionally extisiges them, while maintains the
body’s integrity. The immune response provides mEfeagainst infectious agents,
i.e. bacteria, parasites, fungi and viruses; agaios-infectious foreign substances,
macromolecules, such as proteins and polysacclsattidé are recognized as foreign
and also against tumor cells. The immune systerolweg special organs, a great
number of cells, sets and subsets, molecules regperior immunity — all organized
into a complex communication netwark.

The two functional parts of the immune system - itngate and adaptive
immunity — mediate the protection against foreiglscand substances. The innate
immune system (also called natural or native immyninvolves cells and
mechanisms that defend the host against pathogensiaor cells by a non-specific,
early, rapid, first line of protection: epitheliacaantimicrobial substances produced
at epithelial surfaces, neutrophils, macrophagesdutic cells and natural killer
(NK) cells, blood proteins, including members oé ttomplement system and other
mediators of inflammation, acute phase proteins@mokines that regulate many of
the activities of the cells of innate immunity. Taeéaptive immune system provides
specific immune responses against microbes, igsadetl by the innate immunity and
has immune memory. This response, that takes daydetelop on the first
interaction with a pathogen, produces a stronger faster immune response on
subsequent exposures to the same anfigen.

NK cell is a type of cytotoxic lymphocyte that ctihges a major component of
the innate immune system. NK cells play an impdrtale in the rejection of tumors
and cells infected by viruses. They are able te kgsget cells through the different
mechanisms of cytotoxicity and produce rapidly aamt cytokines, mainly
interferon-gamma (IFNJ. They express the surface marker CD56 in humadsia

not express the antigen-specific T cell recept@RJ or Pan T marker CO%’



Perforin and Fas/FasL pathways are the two majochar@sms of cellular
cytotoxicity®® Small granules in the cytoplasm of cytotoxic celtstain proteins
such as perforin and serine proteases known agzygres. Upon degranulation, the
cytotoxic granules cause cell lysis by forming gone cell membranes of target
cells!® FasL produced by effector cells induces apoptbs@igh Fas, its receptor on
target cell surfaces. Fas ligand (Fasl) is a tygezhsmembrane protein that belongs
to the tumor necrosis factor (TNF) family. Its bimgl with its receptor (Fas) induces
apoptosis in the target cell through cell-surfagarid-receptor interactiot.

T and B lymphocytes are the most important celldamponents of the
adaptive immune system. The function of these ¢glt® recognize specific “non-
self” antigens, during a process known as antigesgmtation. They are liable for
the two major features of the adaptive immune nesppspecificity and memory
mediated by antigen-specific receptors.

The TCR is a molecule found on the surface of Tscahd is responsible for
recognizing antigens bound to major histocompdaitybdomplex (MHC) molecules.
The TCR is a heterodimer consisting of two différeansmembrane protein chains.
In 95% of T cells, this consists of an alpha@) §nd beta-[{) chain, whereas in 5% of
T cells this consists of gamma- and deli@s)(chains, and they are covalently linked
to each other by a disulfide bridge. Eachandf-chain consists of one N-terminal
variable (V) domain, one constant (C) domain, arbgtobic transmembrane region
and a short cytoplasmic region. The V domain ohhibie a- and-chain of TCR
have three hypervariable or complementarity detergiregions (CDRS), which are
responsible for the versatility of TCRs and antigeoognition. This diversity is a
result of the rearrangement of antigen receptoingpdenes. The TCR-chain is
generated by the recombination of V and J (joinigghe segments, whereas fhe
chain is generated by the recombination of V, disity) and J gene segments
(both involve random joining of gene segments toegate the complete TCR chain).
The three CDRs in the- andp-chains form the part of the TCR that specifically
recognizes peptide-MHC complexdsgure 1).**
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Figure 1. Rearrangement and structure of the T celteceptor’

Cytotoxic, CD8 T cells recognize the specific antigenic peptidepced in the
cytosol of cells infected with viruses or intracddir bacteria and in tumor cells, and
presented by MHC class | molecules on the surfédarget cells: this activates the
CD8' T cell to induce the death of the target cellstiin exception of some cell
types, such as non-nucleated cells (including eogytes), MHC class | molecules
are expressed on almost all cells. CD#4 cells are commonly divided into two
distinct lineages: conventional T helper (Th) aadulatory T (Treg) cells. Th cells
control adaptive immunity by activating other effaccells such as CD&ytotoxic
T cells, B cells and macrophages by productionitbéérént cytokines. Treg cells are
able to suppress activation of potentially deletgsi autoreactive Th cells. CDZ
cells recognize specific peptide antigens complexégdd MHC class Il molecules

presented by professional antigen-presenting @igire 2 and 3.2
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Figure 2. The antigen presentation to CD4and CD8' T cells’

Upon activation, all T cells express the late atton marker CD25, the alpha-
chain of the high-affinity IL-2 receptor. Among CH2D25' T cells, only those with
high fluorescence intensity of CD25 exert regukatimctions, while expression of
low levels of CD25 may indicate T cell activatith.

Cytokines are small cell-signaling protein molesukecreted by the cells of
innate and adaptive immunity. Thl cells produceipflammatory (Th1) cytokines,
such as IFNy, TNF-a, that improve cellular immune responses: maxirtieekilling
efficacy of the macrophages and the proliferatibrrytotoxic CD8 T cells. Anti-
inflammatory (Th2) cytokines, such as interleukib)4, IL-5, IL-6, IL-10, IL-13,
produced by Th2 cells trigger humoral immune resporstimulate B-cells into
proliferation, induce B-cell antibody class switafpiand increase their neutralizing
antibody production. Recently, another novel T &elgubtype, the Thl7 cells
producing other pro-inflammatory cytokines, IL-28dalL-17, have been suggested

to participate in the induction of several orgaeafic autoimmune diseasdsigure
3) 13,14
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Figure 3. The three main types of effector T cell iwduce distinct sets of effector
molecules

A small subset of T cells, callg@T cells, express a TCR consisting of grne
and oned-chain.ydT cells are suggested to bridge the innate andti@gajpnmune
responses. They quickly expand upon pathogen clgalafter infection and are able
to produce great amounts of IFN-these are characteristic to cells of the innate
immune system>°y3T cells are important immunoregulatory cells, pesgsential
role in the defense against certain pathogens arimor immunity*’ The \62
subset, expressingd@ TCR variable chain, represents the majority ofitaghl’ cells
mainly with a cytotoxic propert}f*’

Natural killer T (NKT) cells are a small subset ©f cells that co-express
afTCR, but also express molecules specific to NKsgeduch as CD56. This
population, similarly to thgdT cells, is proposed to serve as a bridge between t
innate and the adaptive immune systems. NKT celige han important role in the

regulation of the protection against autoimmunitg &umors. Murine NKT cells are
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categorized into several distinct subsets basati@n TCR repertoire, expression of
antigen-presenting co-receptor molecules, and #r@tomical compartmentalization
in the host. Type | NKT cells are characterizedifwted repertoire diversity. They
express an invariantal4-Ji18 variable region of the TCR and are either Cb#é
CD4CDS8 (double negative, DN). They recognize lipid amigieather than peptides,
and respond to these when presented by a nonadh9dHC class | molecule,
CD1d. The majority of NKT cells recognize a glygadi, a-galactosyl ceramidenf
GalCer)'®'® The human type | NKT cells expresses an invaNer24-hQ TCRa-
chain paired with 11 TCRB-chain, and are either CORDS DN or CD4. These
cells are also called invariant NKT (iNKT) or CDtestricted NKT cell$%?
Principal involvement of human iNKT cells in tummnmunity and autoimmunity
are suggested. Deficiency of human iNKT cells hasnbdescribed in multiple
sclerosis (MS) indicated by a decreased frequencyhe peripheral blood and
absence of the invarianto24-JQ TCR in central nervous system (CNS) plaques of
patients with MS despite the presence of convealiwn24 TCR. Such deficiencies
are not characteristic to the chronic autoimmunenyadinating disease of the
peripheral nervous system (PNS), chronic inflammyatodemyelinating
polyneuropathy (CIDP3*%’

Besides iNKT cells, the CD8D56 T cell subset contains large granular
lymphocytes with conventional, divers3TCR. Recently, these cells have been
termed NKT-like cells. The role of NKT-like CDBD56" cells has been suggested
in various immune processes, including responseintectious agents, tumor
rejection and autoimmunify;*°

Like INKT cells, another DN T cell population, mwsat-associated invariant T
(MAIT) cells are also characterized by the expmssbf an invariant TCR
rearrangement (&7.2-133)2%3! In addition to the conservexichains, MAIT cells
express a restrictedP2 and \B13 driven by the selecting antig¢nMAIT cells
derive their name from the findings that the inaati TCRx chain is enriched (in
humans and mice) in lymphocyte preparations derifrech the gut (the lining
lamina propria and Peyer’'s patches). They recogoassibly glycolipids (similarly
to iNKT cells) presented by a non-classical MHCssldb molecule, MR¥ In

humans, the invariant TCR of MAIT cells was showrbé expressed in autoimmune
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lesions of CNS and PNS, which correlated with thgression of IL-4, suggesting an
anti-inflammatory role and regulating autoimmunspense?’>*

In addition to INKT and MAIT cells, two other T ¢edubsets expressing an
invarianta-chain have been suggested. These additional poplilations express a

Va4-Jo29 and \19-2148 TCR, respectively

1.2 Pompe disease and enzyme replacement therapy

Late-onset Pompe disease is an inherited metabmoliopathy caused by
abnormal lysosomal glycogen storage due to theidefiy of the lysosomal enzyme,
acid a-glucosidase (GAAJ® Synonyms for the disease are glycogen-storagasks
type Il, glycogenosis type Il and acid-maltase aeficy®®

Pompe disease is an ultra-orphan disease: onlyti®nf= with the late-onset
form have been diagnosed so far in Hungary amopgpailation of 10 million; in
other countries with similar size the number ofgts is comparabl¥.

At present, Pompe disease is the only inheritedchaudisorder which can be
treated by enzyme replacement therapy (ERT) infoh@ of regular infusions of
recombinant human acigtglucosidase (rhGAAY®** ERT induces an IgG antibody
response against rhGAA in most patients and treatgaghals. In immunodeficient
GAA knockout mice, where an antibody response agalmGAA does not develop,
the therapeutic effect of ERT is better comparedinhmmunocompetent GAA-
deficient mice®® This suggests that anti-rhGAA antibodies may feter with the
efficacy of treatment; indeed, anti-rhGAA antibali@robably inhibit rhGAA
uptaké®, and induction of immune tolerance in mice imp®vihe treatment
potential?’ In humans, the effect of anti-rhGAA antibodiestba efficacy of ERT is
controversial. In patients with Gaucher disease (tlost common lysosomal storage
disease caused by a hereditary deficiency of theynrea glucocerebrosidase),
reduced efficacy of ERT was attributed to the enzymeutralizing capacity of the
induced antibodie$:** In Pompe disease caused by complete absence of GAA
antibody production against rhGAA is increased tuack of immune tolerance and
the therapeutic response is wotsén contrast, no such antibody-related changes in

efficacy were observed in several other human efdi® and antibody titer may
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decrease during the course of ERT similar to mulyspacharidosis | (another
lysosomal storage disorder caused by a hereditefigiehcy of the enzyme-L-

iduronidase}’

1.3 Stroke and post-stroke infections

The traditional definition of stroke, devised by tWorld Health Organization is
»a focal (or at times global) neurological defioftcerebrovascular cause that persists
beyond 24 hours or is interrupted by death witrhaurs”.

Stroke is currently the second leading cause ofhdeathe Western world,
ranking after heart disease and before cancer amsks 10% of deatf$Stroke has
a high incidence worldwide — an annual incidencesiwbke is estimated in the
United States at 700,000, leading to over 150,0@aths. Of all strokes,
approximately 88% are ischemic and 12% are hemgicid The mortality of
patients with stroke is also extremely high in CalREastern European countries. In
Hungary approximately 40,000 patients are admittechospital a year with the
diagnosis of strok&’

Stroke is associated with high mortality and matgjdand stroke survivors
often remain permanently disabRdwhile direct neurological deficits cause early
deaths, infectious complications prevail in thetpogte phase of stroke contributing
to the poor outcom&:>’ Such an increased susceptibility to infectiongragtroke
may suggest early alteration of immune responsebkemic injury of the CNS alters
the balanced neuroimmune modulation resulting iDSZlthe central nervous system
injury-induced immune deficiency syndrome. Due b@ immunodepression and
reduced pro-inflammatory immune responses, the estifdlity for infection is
increased. On the other hand, CIDS may protectnagalamaging autoimmune
responses elicited by exposed CNS antigéfiSPatients with stroke suffer from
increased rates of infection (in 18-28% of patiatégeloped a post-stroke infection),
especially urinary tract infections and pneumaonf&:®! Impaired T and NK cell
responses, particularly a reduced lir[droduction were described in a mouse model
of focal cerebral ischemia, where the animals wsmeceptible to spontaneous

pneumonia. This pulmonary infection was related atomassive apoptosis of
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lymphocytes in spleen and thym€? Furthermore, stroke led to splenic atrophy
characterized by a reduction in organ size andaatidrloss of splenocyte number in
animal model§? Very few human immunological studies have beerfop@ed in
stroke patients so far. Recently, dramatic los3 aklls in the peripheral blood of
patients with acute ischemic stroke, within 12 Isofitom onset of symptoms, has
been indicate® IL-6 serum levels were increased on admission @mntinued to
rise throughout the observation period (14 day$keneas IL-10 did not differ from

control subject§®
1.4 Tumor immunology

Cancer is one of the three leading causes of deaitidustrialized nations.
Cancers are caused by the progressive growth girthgeeny of a single transformed
cell. Malignant tumors are able to aggressivelyltnate the surrounding healthy
tissues and to compose metastasis, a secondargroaacgrowth formed by
transmission of cancerous cells from a primary gndacated elsewhere in the body,
usually by way of the blood vessels or lymphatics.

Renal cell carcinoma (RCC) accounts for approxifgaB8o of all cancer
diagnoses in the USA each year. In the USA in 2@&)000 individuals were
diagnosed with RCC and approximately 13,000 dietle B2% of malignant
neoplasms of RCCs are clear cell renal carcindthas.

Gliomas are the most frequently occurring primanglignancies in the
central nervous system, and glioblastoma multiforsngie most common and most
aggressive of these tumors. Despite vigorous basit clinical studies over past
decades, the median survival of patients with th&ease remains at about one
year®’

Meningiomas are the most frequently diagnosed aaymbrain tumor
accounting for 33.8% of all primary brain and CNf@nbrs reported in the United
States between 2002 and 2006. Atypical and maligngningiomas comprise a
small fraction of the total (~5%) and have a sligtale predominanc®.

The tumors express antigenic peptides (tumor-gs®olc or tumor-specific

antigens) that can become targets of tumor-speaificune responses (especially T
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cell mediated processes). In the classic immuneeglance theory it is believed that
the cellular immune defense continuously discoward eliminates newly arisen
tumor cells which express such tumor-specific amtsgy These peptides of tumor-cell
proteins are presented to cytotoxic T cells by Mél&ss | molecules and they can
become the targets of a tumor-specific T cell raspp because they are not
displayed on the surface of normal cells, at least at levels sufficient to be
recognized by T cell® It has been shown that many tumors express les§ Maks

| on their surface compared to the normal tissoenfivhich they have arisen, and
also that patients with a reduced immune functiamehan increased incidence of
certain forms of cancer. It is necessary for thtevaton of effectory mechanisms of
anti-tumor response that the antigen is first pressk to the T cells on antigen
presenting cells (APCs). Although macrophages artlypB lymphocytes play the
role of APCs, dendritic cells have shown the highmstential for stimulating the
anti-tumor immune response. Activated macrophagesside the antigen-
presentation, are able to destroy tumor cells leypitoduction of TNFx, enzymes
and reactive nitrogen intermediers. Beside thetoyto T cells, the NK cells also
have an important role in the defense against twals. Carbohydrate components
of the target cells are recognized by the recepbdrdIK cells, and this type of
connection activates the cytolytic function of N&lls. NK cells also express {Rs,
hereby the tumor cells that has been bound by fspecitibodies are also lysed by
antibody-dependent cell-mediated cytotoxicity (ADC8umoral immune response
may be also induced by particular tumor antigensndr cells are destroyed by the
complement-mediated cell lysis or by the previoustgntioned mechanism of
ADCCM?

To prevent diseases induced by autoimmune attadk aontrol collateral
damage during an immune response, the immune syktsmdeveloped many
mechanisms of negative regulation. In the contdxtumor immunity, the strict
regulation of immune responses to maintain sedfrtice and prevent autoimmunity
can represent a barrier to successful anti-tumenagly. Recently, several cell types
with suppressive function have been described sashthe widely studied
CD4'CD25 T regulatory cel’, M2 or tumor-associated macrophadesnyeloid-
derived suppressor célfsand the CD1d-restricted NKT céft’* Stimulation of type

16



| NKT cells protected against tumor growth even whesponses were relatively
skewed toward Th2 cytokinés.
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2. AIMS OF THE STUDIES

Here, we investigated the role of T cells in immueeponses in different

neurological disorders.

2.1 Enzyme replacement therapy induces T cell respees in late-onset Pompe

disease

At present, Pompe disease is the only inheritedctawdisorder which can be
treated by enzyme replacement therapy in the fofmregular infusions of
recombinant human acid-glucosidase. ERT induces an IgG antibody response
against rhGAA in most patients, which may interfesth the efficacy of treatment,
therefore, we examined if ERT also induces rhGAAesiic T cell responses:

1. Are there any differences in lymphocyte frequenciegpression of

activation and cytotoxic molecules in peripherabdal of patients with
Pompe disease treated with rhGAA?

2. Does the treatment with rhGAA induce specific aatipro-inflammatory

cytokine production in patients with Pompe disdeasated with rhGAA?

2.2 Impaired function of innate T lymphocytes and K cells in the acute phase

of ischemic stroke

Acute-onset cerebrovascular diseases are connecteé number of
immunological changes. Few human studies all addceshe rapid changes in the
adaptive arm of the immune system, mainly T cdlislls of the other part of the
immune system, innate lymphocyte subsets have @@t thoroughly examined in
the acute phase of ischemic stroke. We may sugspattearly changes in innate
immune responses may be related to post-stroketiofes resulting in poor outcome
and high mortality of stroke. Therefore, we exardimenate T cells and NKT-like
cells in the early phase of acute ischemic stroke:

3. Are the frequencies of the innate T cells affecbgdacute ischemic

events?
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4. Are the anti- or pro-inflammatory cytokine prodwets and cytotoxicity
of the innate lymphocyte subsets affected in theeaphase of ischemic

stroke?

2.3 Invariant Va7.2-Ja33 TCR is expressed in human kidney and brain tuma

indicating infiltration by mucosal-associated invarant T (MAIT) cells

Recently, phenotypically and functionally similaKT and MAIT cells have
been suggested to participate in immunoregulatibauboimmunity and immune
surveillance of tumors.

The selective absence of the invariard24-iQ TCR of iINKT cells in
central nervous system plaques of patients withtipiel sclerosis was previously
observed, while conventionald24 TCRs and invariant TCR of MAIT cells were
present. To partly examine whether absence of iEIIS in CNS plagues might be
related to the CNS compartment or is specific to, i&re we examined tumors
inside and outside the CNS, i.e. malignant braimdxs and kidney cancers.
Therefore, we addressed:

5. Do INKT cells infiltrate tumors within the CNS silarly to tumors

outside the CNS?

6. Can we detect other invariant T cells in tumorsdwaitspecial emphasis on
MAIT cells, which may possess similar functionsNdT cells?

7. If MAIT cells are present in tumors, what is theflammatory
environment? MAIT cells have been suggested toymed h2 cytokines,
but the similarity to INKT cells and recent muridata suggested that the
MAIT subset may be functionally heterogeneous at we

8. What is the relation of MAIT and NKT-like cells tamors?

9. Do MAIT cells express CD56? Do CD5MAIT cells participate in anti-

tumor immune responses?
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3. ENZYME REPLACEMENT THERAPY INDUCES T CELL
RESPONSES IN LATE-ONSET POMPE DISEASES

3.1 Materials and methods

3.1.1 Patients and samplesSeven Hungarian patients with late-onset Pompe
disease (6 treated, 1 untreated) and 5 healthyatsntere examined at least twice at
different time points (1-6 months, mean 4.2 morifference). All treated patients
exhibited antibodies against rhGAA in the sera, tate had inhibitory antibodies
tested at several time points [determined by acwmnmercial assay established in
the Genzyme Clinical Specialty Laboratory (Genzy@wrporation, Framingham,
MA, USA) as part of the protocol and guideline fieat patients with Pompe disease
with ERT]. Written informed consent was obtainednfr all subjects. Peripheral
blood was drawn from the cubital vein from eachigmatand control. The study

protocol was approved by the Regional Local Et@ioshnmittee.

3.1.2 Isolation of peripheral blood mononuclear dis (PBMC), CD4" and
CD8" T cells. Peripheral blood mononuclear cells were isolatednfiheparinized
venous blood on Ficoll-Paque gradient (AP Hungafy Rudapest, Hungary) by
density gradient centrifugation. Cb4nd CD8 T cells were separated by MACS
Cell Separation Technology (all reagents and insénts from Miltenyi Biotec,
Frank Diagnosztika Kft.,, Budapest, Hungary). PBMQ@gre first labeled
magnetically with CD4 MicroBeads according to thenmufacturer’s instructions,
and CD4 cells were positively separated on the cell searaolumn. In the next
step, the negatively separated population was ddbehagnetically with CD8
MicroBeads, and the CD8&ubpopulation was positively separated. The reimgin
fraction, which did not bind the CD4 or CD8 Microddks composed the antigen

presenting cells.
3.1.3 Flow cytometry (FACS) and intracellular cytokne production.
After ex vivo andin vitro activation, 1x10 PBMCs were incubated for 30 minutes at

room temperature with different double or triplerdmnations of the following anti-
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human monoclonal antibodies (mAb): fluoresceinhsmtyanate (FITC)-conjugated
anti-CD3, anti-CD4, anti-CD19; phycoerythrin (PErgugated anti-FasL (CD178),
anti-lIFN-y, anti-perforin, anti-CD25 and allophycocyanin-aamted anti-CD56 and
anti-CD8 (all antibodies from BD Pharmingen, SofoWw Hungary Kft., Pécs,
Hungary). In the case of IFNstaining, PBMCs were stimulated for 4 hours atG7
with phorbol-myristate-acetate (PMA, 25 ng/ml) aadomycin (1pug/ml), and Golgi
transport was inhibited by brefeldin A (1@/ml; all from Sigma-Aldrich Kit.,
Budapest, Hungary) prior to the immunostainingtha case of perforin and IFN-
stainings PBMCs were permeabilized with FACS Pebitiegang Solution 2 (BD
Biosciences, Soft Flow Hungary Kft., Pécs, Hungdrgjore adding the respective
antibody. After incubation, the samples were wasimeghosphate-buffered saline
(PBS) and resuspended in 4% paraformaldehyde,dsttrel°C in the dark to be
processed for FACS analysis 24 hours at the |&astving fixation. At least 50,000
cells were analyzed using a FACSCalibur flow cyttene(Becton Dickinson
Immunocytometry Systems, Erembodegen, Belgiumy aftgle gating on lymphoid
cells for all mAb combinations. The percentagegositive cells were calculated

using CellQuest software (Becton Dickinson, SargDjeCA, USA).

3.1.4 Cell culture. PBMCs and isolated CD4and CD8 T cells in the
presence of antigen presenting cells were stimdilaiéh different concentration of
rhGAA (1 and 10ug/ml) in RPMI 1640 medium containing 10% foetal v
serum, penicillin and streptomycin (all from Inagen, Csertex Kft., Budapest,
Hungary) for 48 hourdgn vitro. Supernatants were collected and PBMC were
restimulated with PMA and ionomycin for examinatiohcytokine production and

intracellular expression, respectively.

3.1.5 Cytometric Bead Array (CBA). The levels of IL-4, IL-6, IL-17A,
IFN-y and tumor necrosis factor (TNE)-were determined from the culture
supernatants with Cytometric Bead Array (CBA) (#5840, BD Biosciences, Soft
Flow Hungary Kft., Pécs, Hungary) using differenapfure Beads to detect the
respective cytokines. 5@ of each unknown samples were incubated for 3 hatir

room temperature with the presence of 0mixed Capture Beads and p0 PE
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Detection Reagent. After incubation, the sampleseeweashed in Wash Buffer and
bead pellet was resuspended in Wash Buffer. Samwypdee analyzed right after the
experiment on a FACSCalibur flow cytometer (BD Immoaytometry Systems,
Erembodegen, Belgium) calculating the amount obkiies with CBA Software

(BD Biosciences, San Diego, CA, USA).

3.1.6 Statistical analysisStatistical comparisons were made by using the
Student t-tests. The results were expressed and¢he value + standard error of the
mean (SEM). Differences were considered signifieamen the value of P was equal
to or less than 0.05.

3.2 Results

3.2.1Ex vivo and in vitro lymphocyte frequencies in the peripheral blood
(PB) of patients treated with rhGAA. The frequency of lymphocytes was
examinedex vivo in the PB and also in PBMC cultures stimulatechwiiGAA for
48 hoursin vitro. Theex vivo andin vitro frequencies of CD3T cells, T subsets
(CD4" and CD8 T cells), CD19 B cells, CD3CD56" NKT-like T cells and CD3
CD56 NK cells in the treated patients were not différieam the untreated patient
and healthy controlsT@ble 1). Theex vivo percentage of T cells expressing the late
activation marker CD25 (activated CID25°" T cells) was significantly elevated
in the treated patients (28.7£1.4 vs. 20.4+2.6;.@50compared to untreated patient
and healthy controls. In contrast, teevivo frequency of CDACD25"%"
T (Treg) cells was not differentéble 1).

The perforin and Fas/Fas ligand (FasL) pathways taee two major

regulatory

mechanisms of cytotoxicity® Intracellular expression of perforin and the stefa
expression of FasL were analyzed by flow cytometryCD3CD56 NK cells,
CD3'CD56" NKT-like and CD3CD8' T cells. There were no significant differences
in the expression of perforin and FasL when tregiatients and controls were

compared Table 1).
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EX vivo 0 ug/mf 10 ug/ml
Control§ Patients Controls Patients  Controls  Patients
CD3 53.9+11.7 62.4+4 51+10.1 58.8+44.3 52+10 58.9+3.9
CD4 25.1+8.2 29.8+4 23.914.432.4+2.8 23.8#5.5 32.3+3.1
CD8 29.6+7.3 28.9+4 24.546.2 26.9+3 25,546  26.9+3.5
CD19 19405 3.3:t0.5 4.2+0.8 6.6+0.7 4.3+1 6+0.8
CD3CD56" 9.9+2.3 7.6£0.9 8.5+2 6.6+0.9 9+2 6.8+0.9
CD3'CD56" 3.740.7 3.9+0.6 2.2+0.9 2.9+04 1.9+0.6 3+0.4
CD25 expression
by CD3" cells 12.9+2.8 20.7+1.613.3+2.6 14.4+0.8 14+2.3 14.3#1.1
by CD8" cells 5+1.5 4.6+3.6 8.8+l.7 4.3+1.2 8.7+1.7 5+1.2
CD25"expression
by CD4" cells 20.4+2.6 28.7+1%412.7+1.4 22+15 14.7+1.9 21.3%1.9
CD25"" expression
by CD4" cells 1.3#0.2 1.440.2 0.6%0.2 1.6+0.2 0.9+0.2 1.5+0.2
Perf expression
by CD3'CD8" cells 17.2+7.1 21.5+4.813.3+7.6 9.1+4.4 7.4+4.1 7.6+1.6
by CD3CD56 cells 33.7+8.2 39.1+5.228.2+7.7 32.1+4.9 32.7+10.4 28.5+4.3
by CD3'CD56 cells 21+3.3  22.6%4.516.5+0.3 18.746.7 16.1+0.9 18%6.2
FasL expression
by CD3'CD8" cells 0.840.2 0.6+0.1 0.8+0.1  1+0.3 0.6+0.1  0.91#0.2
by CD3CD56 cells 1.1+0.6  3.1+0.8 1.4+0.3 3.5%#1.4 2+0.5 2.9+1
by CD3'CD56" cells 1.740.8 2.6+0.7 1.6+0.3 3.9+1.3 2.7+0.5 2.6+0.7

Table 1. Lymphocyte frequencies, activation of lympocyte subsets and the expression
of perforin and FasL by NK, NKT-like and CD8" T cells in peripheral blood
dconcentration of rhGAA used for in vitro stimularlid’healthy controls and one untreated
patient “percentages of positive cells, mean+SEM are indik&the ex vivo percentage of
CD4'CD25° T cells was significantly higher (p<0.05) in tredtpatients compared to

control subjects.

3.2.2 Cytokine production of rhGAA-specific T cellsubsets Intracellular

IFN-y expression was analyzed by flow cytometry in CO3D4 and CD8 T cells.
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After in vitro stimulation with different concentration of rhGAA, dose-dependent
increase of pro-inflammatory intracellular IRNexpression in CD4and CD8 T
cells was observed in the treated patients in eshtio the untreated patient and
healthy subjects, where no increase or rather,sa-dependent decrease was found
(Figures 4 and 5. Such dose-dependent increase in FNxpression was
characteristic of all treated subjecBgures 4B and 5B. In addition, expression of
IFN-y by T cell subsets was higher in the treated pegti#tran in the untreated patient
and healthy controls aftén vitro stimulation Figures 4 and 5. Every patient and

control subject was examined at least twice aethfiit time points.
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Figure 4. IFN-y expression by CD8 cytotoxic T cells in patients seropositive for rh@A
antibodies and controls

A. Intracellular IFNy expression by CDST cells in a representative sample from a patient
treated by ERT for more than a year. PBMC wereldtited with different concentrations of
GAA for 2 days. Percentages indicate IfNeells among CD8T cells.B. Percentage of
intracellular IFNy expression by CO8T cells in individual patients (n=6). PBMC were
stimulated with different concentrations of GAA fardays. Percentages indicate IfN-
cells among CDBT cells.C. The mean of percentages of intracellular H-Bxpression by
CD8' T cells in treated patients (n=6) and in the adngroup (healthy and one untreated
patient with Pompe disease). PBMC were stimulatild different concentrations of GAA
for 2 days. The experiments were repeated at feagttimes in every subject. Mean + SEM
was calculated and is shown. Percentages indi€aeyl cells among CD8T cells. D.
Concentration of IFNtin the supernatants of isolated CDB cell cultures in individual
patients (n=6). Cell cultures were stimulated wdifferent concentrations of GAA for 2
days. Concentrations of cytokine are given in ng/ml

GAA: acida-glucosidase , SE: standard error of mean; * ps(0p<0.01
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Figure 5. IFN-y expression by CDZ helper T cells in patients seropositive for rhGAA
antibodies and controls

A. Intracellular IFNy expression by CD4T cells in a representative sample from a patient
treated by ERT for more than a year. PBMC werewdtited with different concentrations of
GAA for 2 days. Percentages indicate IffNeells among CD4T cells.B. Percentage of
intracellular IFNy expression by CO4T cells in individual patients (n=6). PBMC were
stimulated with different concentrations of GAA fardays. Percentages indicate IfN-
cells among CD4T cells.C. The mean of percentages of intracellular f-Bxpression by
CD4" T cells in treated patients (n=6) and in the aangroup (healthy and one untreated
patient with Pompe disease). PBMC were stimulatgd different concentrations of GAA
for 2 days. The experiments were repeated forast [2 times in every subject. Mean + SEM
was calculated and is shown. Percentages indi€dtey+ cells among CD4T cellsD.
Concentration of IFNtin the supernatants of isolated CD® cell cultures in individual
patients (n=6). Cell cultures were stimulated wdifferent concentrations of GAA for 2
days. Concentrations of cytokine are given in ng/ml

GAA: acida-glucosidase , SE: standard error of mean; * ps(:0p<0.01
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IL4 IL6 TNFa IFNy IL17A

CD4"

. Controld 6.3+F 4,343.5+401.2 9,088+2,792.2  76.9+60.2  16+5.6
Ougmt o tients 7.3:0.6 511241360 3,126.8+2,535.1129.2461.9 13.244.9
Lugmi CONMols 6205 4143313251 5687.0x1,767.979.9457  14.1443

Patients  7.5+1.24,978.6+1,178.1 5,987.3+1,134.5 135.7+67.9 13.5+2.9
10ugimy COMOIS  72:0.7 37605193 5850411633 8454722 14427
Patients  7.7+1.54,860.4+1,063.8 6,401.2¢47.8  165.4+54.3 12.7+1.8
cps*
ougm COMols 59+0.1 4070.6+358.1 §518.4+1956.1105.7490.8 127+1.4
Patients  7.4+1  7,552.1+937  3,749.6+2,300 172.1477.56+4.9
Lugm  COnOls 74209 4110.741012.2 6,056.9878.2  1013:77.9 132417
Patients  7.2+1.76,320.4+1,278.9 5,712.54578.3 188.3+101.216.445.3
Controls 7.1+0.6 4,168.4+406.7 5806.4+500.2  92.44#80  11.9+1.8
10ug/ml o tients  8.5:1.3 6.419.04387.1  5904.2¢356.8  203:98.9 17.3+1.1

Table 2. The Thi, Th2 and Th17 cytokine productionof isolated T cell (CD4 and
CD8") cultures

“concentration of rhGAA used for in vitro stimulatiohealthy controls and one untreated
patient;°concentration of cytokines are given in ng/ml, mesBEM are indicated

Pro- and anti-inflammatory cytokine production (lWNTNF-, IL-4, IL-6
and IL-17A) was also examined in the supernatahisadated CD4 and CD8 T
cell cultures stimulated with different concentoas of rhGAA in the presence of
antigen presenting cell¥gble 2). Increased production of IFiby CD4 T cells
was observed in 3 out of 6 cases; while increasedygtion of IFNy by CD8 T
cells was observed in 4 out of 6 cases, includmegviery same patientsigures 4D
and 5D). Increased production of TNéFby CD4 and CD8 T cells was also
observed in the same three cases. Two of the pat{g8 and #5), who had the
highest antibody titers in the sera (data not shpwalso had the highest
concentration of IFN¢in the supernatants of both CDand CD8 T cell cultures
after stimulation with rhGAAKigures 4D and 5D. Both of them require respiratory
support but have had the longest disease couraelasOne of them (#3) responds
to ERT well; the treatment response in the othdrepta (#5), who has had a
prolonged increase in antibody titers, is less obsi We also examined the IFN-
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y/IL-4 and TNFe/IL-4 ratios in individual patientsT@ble 3). The highest IFN/IL-

4 ratios were found in the supernatants of CD8&ell cultures established from
patients #3 and #5. Patient #5 had also the hightistregarding CD4T cultures.

In addition, we observed a dose-dependent increasech ratios suggesting that a
dose-dependent production of IFNwas more pronounced than the production of
IL-4.

Patients
#1 #2 #3 #4 #5 #6
CD4"
IFN-y/IL-42
Opg/ml 21.3 32.0 27.6 21.2 43.7 111
lpg/ml 33.3 425 33.7 20.8 44.0 11.9
10pg/ml 36.1  39.1 31.0 19.1 57.6 10.7
TNF-a/IL-4
Opg/ml 321.3 5852 5749 8186 637.5 354.0
1pg/ml 665.0 775.7 762.6 720.2 652.8 633.5
10pg/ml 709.6 490.1 676.6 724.5 875.0 740.3
CD8'
IFN-y/IL-4
Oug/ml 49.8 49.6 65.9 25.0 61.5 234
lpg/ml 67.7 39.7 103.7 21.1 104.5 20.1
10pug/ml 60.6  55.5 93.2 30.2 87.8 18.4
TNF-a/IL-4
O pg/ml 453.2 596.7 547.9 861.2 610.4 277.8
1pg/ml 649.3 467.7 696 753.1 704.6 244 .4
10pg/ml 561.7 598.3 669.2 747.3 421.2 228.3

Table 3. Ratio of pro-inflammatory and anti-inflammatory cytokines in T cell cultures
stimulated with rhGAA

%atio were calculated by dividing mean of pro- amati-inflammatory cytokine
concentrations measured in the supernatants ofl§ stemulated with rhGAA at different
time points
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3.3 Discussion

Here we show that enzyme replacement therapy byAfhGnfusions
generates T cell responses in all patients. Theyibéxantibodies against the
recombinant enzyme, indicating that T cell tolemmgainst GAA is incomplete,
similar to B cell tolerance. Such rhGAA-specificc&ll responses existed at least for
six months.

The ex vivo percentage of activated CB2D25°" T cells was higher in
treated patients compared to controls includingwumesated patient. Such activation
of T cells may be related to chronic stimulationthmhGAA infusions. The chronic
antigen-specific activation is also supported by tbserved decrease in percentage
of activated CD28" T cells in culture aftein vitro stimulation with rhGAA. This
may be caused by activation-induced cell deathrefgativated T cells re-activated
by their specific antigeff:’”

We also performed functional experiments usingedéht methods. First,
antigen-specific activation of T cells was examildmeasuring individual CD4
and CD8 T cells producing intracellular IFM-in response to rhGAA. A dose-
dependent increase in the number of T cells eximgs$N-y was observed in
patients treated with ERT compared to controldatt, every single patient's PBMC
responded tan vitro stimulation with rhGAA. Next, CD4and CD8 T cells were
isolated and stimulated with rhGAA, and Thl, Th2 di17 cytokine secretion was
measured in the supernatants. Although a dose-depenincrease in pro-
inflammatory IFNy and TNFe levels was also observed in the supernatants of
cultured CD4 and CD8 T cell subsets, this increase was not significahen
patients and controls were compared, in contrasthéo increased expression of
intracellular IFNy. However, when individual patients were analyaed,found an
antigen-specific increase of IFNand TNFe in half of the patients. This may
suggest heterogeneous T cell responses similagteydgeneous antibody responses
in patients. Stronger cytokine responses could btected by both CBA in
supernatants and by intracellular FACS, while weakesponses could be measured
only intracellularly in individual cells. Altogethethese data may suggest that

although rhGAA-specific pro-inflammatory cytokineoguction (IFNy and TNFe)
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is characteristic of all treated patients, someéheim have a very strong cytokine
response. The heterogeneous antibody responsesad@gdAA may be related to the
presence of natural GAA indicated by residual erewattivity; in the absence of the

enzyme B cell tolerance is incomplété>"®

All of our patients with late-onset
Pompe disease had residual enzyme activity, theredxpression levels of the
enzyme could hardly be responsible for the observetérogeneity of T cell
responses. However, our patients also had a heteoog antibody response, and
two of them had consistently high levels of antGAA antibodies (data not shown).

Expression of cytotoxic molecules (FasL and penfoby NK, NKT-like and
CD8' T cells was not increases vivo. A cytotoxic response against the native GAA
and specifically against muscles is unlikely coesitg the intracellular nature of the
enzyme.

The relevance of antibody responses to ERT in ysas storage disorders
has often been downplayed, although cross-reastingunologic material (CRIM)-
negative patients without residual enzyme activofien formed antibodies and
responded poorly to ER?.1gG antibodies generated during ERT in patients wi
Fabry disease exert an inhibitory effect on alpagosidase A enzyme activity
fibroblast cells and tissues from Fabry migeMucopolysaccharidosis type |
patients, who formed high titer antibodies alspoesied poorly to ER¥ Regular
infusion of other proteins impacts efficacy of abhall biological therapies in other
disease&!® So far, T cell responses in these lysosomal stodigpases treated by
ERT have not been examined to our knowledge. We mrasume that similar
responses might be elicited by regular infusionegbmbinant alpha-galactosidase in
Fabry disease, acifi-glucosidase in Gaucher disease and alpha-L-iddas® in
mucopolysacharidosis |. Since some of these disesrgemore prevalent than Pompe
disease, the impact of T cell responses may héwveaal relevance.

The antibodies against rhGAA react with the nagivetein and are generated
presumably against conformational epitopes. In resht linear epitopes, small
peptide sequences are important in eliciting T iponses. In our experiments, we
used the native rhGAA to stimulate T cells and ithenunodominant epitopes of
GAA have not been investigated. It would be intengsto determine if T cell

responses are focused or rather target a numlakfferent epitopes.
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Whether T cell responses are related to the madmivfi B cell responses is a
crucial question. Cytokine production by rhGAA-aetied T cells may influence the
nature of the immune responses and antibody primsucindeed, inhibitory anti-
factor VIII (FVII) antibodies are generated in hephilia A patients treated with
recombinant human FVIII. In such patients a poktianti-inflammatory/regulatory
T cell phenotype was observed in contrast to a dhpagtern with a bias towards an
inflammatory cytokine profile in patients withountibodies®*®* Due to the ultra-
orphan nature of Pompe disease, the number ofnpatie our study was limited,
although all patients in Hungary were examined.sT¢omplicated the analysis of
clinical and antibody correlations. Neverthelessp tpatients with the highest
antibody titers had the highest IRNproduction in both CD8and CD4 T cell
cultures; when IFN/IL-4 ratios were calculated, these two patients tiee highest
dose-dependent ratio as well. We may speculate tlespite an antigen-specific
increase in IL-4 production, pro-inflammatory cyitek production may be more
pronounced. Such increased IFNproduction was also found in all hemophilia A
patients treated with FVIII compared to blood daf6f* We may also expect that
GAA-specific T cell responses might be more promine patients with infantile-
onset Pompe disease without any residual enzynmataatue to incomplete T cell
tolerance, similar to deficient B cell tolerariéeSince the prevalence of infantile
Pompe disease is even lower than the prevalentatesbnset disease, due to the
absence of such patients in Hungary we could ndtead that assumption. In order
to explore such correlations, i.e. clinical andotmgical, international multicenter
trials are needed.

In summary, we show here that ERT used to treatliaa-orphan lysosomal
storage disease generate long-term specific’'Gidd CD8 T cell responses, mainly
production of pro-inflammatory cytokines besidese thwell-known antibody
response. Although the number of examined patievas relatively low, the
consistent results in all single individuals suggbsat, despite being heterogeneous

in magnitude, T cell responses are general chaistate of ERT.
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4. IMPAIRED FUNCTION OF INNATE T LYMPHOCYTES AND
NK CELLS IN THE ACUTE PHASE OF ISCHEMIC STROKE

4.1 Materials and methods

4.1.1 Patients and samplesAltogether 28 Hungarian patients with acute
ischemic stroke (16 males, 12 females, mean ageye@?s + 2.08 years) were
prospectively studied and 20 healthy controls wierduded in this study. All
patients were admitted to the Department of NegmgloUniversity of Pecs,
Hungary. Written informed consent was obtained fedhpatients or their authorized
representative. The study protocol was approvedingy Regional Local Ethics
Committee. Exclusion criteria were infectious dsey fever <4 weeks before
stroke, elevated white blood cells, erythrocyteirsedtation rate, high-sensitivity C-
reactive protein (cut-off value <10 mg/L), procédeaiin (cut-off value <0.05 ng/mL)
on admission, positive chest X-ray, hemorrhagiok&rdefined by an acute cranial
computer tomograph (CT) scan, transient ischemaclkt(TIA, based on the non-
persistency of clinical signs and cranial CT scétera24 hours) and decline to
participate in the study. Patients admitted to hakpmore than 6 hours after
symptom onset were excluded too. Twenty-two padidrad large territorial and 6
patients had lacunar infarct. In 8 cases, stroks waused by embolism either
cardiogenic (n=5) or arterial (n=3). All but onetipat had infarct in the anterior
circulation. Control CT scan showed hemorrhagiaidfarmation in a single case
only. Peripheral blood was drawn from the cubithwtwo times from each patient
within 6 hours from symptom onset and after 72 bo@linical data were collected
on admission and at 72 hours. Outcome measuresobtaened at discharge from
hospital Table 4). The National Institutes of Health Stroke ScalHSS) was
assessed as a quantitative measure of strokeeelateological deficit on admission
and at 72 hours.
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Patients, acute Healthy

ischemic stroke subjects
n=28 n=20
Age (year, mean, range) 62 (40-83) 45.1 (26-64)
Sex : Male 16 7
Female 12 13
NIHSS 6h (median, range) 10 (4-19) N/A
NIHSS 72h (median, range) 6 (1-22) N/A
GOS at discharge (median, range) 4 (1-5) N/A
Length of stay (day, mean, range) 9.04 (4-27) N/A

Table 4. Demographic and clinical data of subject

4.1.2 Cell isolation and flow cytometry. PBMCs were isolated from
heparinized venous blood on Ficoll-Paque gradi&R {Hungary Kft. Budapest,
Hungary) by density gradient centrifugation. Afteashing in PBS, 1xf®PBMCs
were incubated for 30 minutes at room temperatutb different dual or triple
combinations of the following anti-human monocloaatibodies: FITC-conjugated
anti-CD3, anti-\62 T cell receptor; PE-conjugated anti-FasL (CD1&jti-IFN-y,
anti-perforin and allophycocyanin-conjugated anf86 (all antibodies from BD
Pharmingen, Soft Flow Hungary Kft., Pécs, Hungahy)the case of IFN-staining,
PBMCs underwent a 4-hour cytokine stimulation withomycin, brefeldin A and
PMA (all from Sigma-Aldrich Kft., Budapest, Hunganrior to the immunostaining.
In the case of perforin and IFNstainings PBMCs were permeabilized with FACS
Permeabilizing Solution 2 (BD Biosciences, SoftWldungary Kft., Pécs, Hungary)
before adding the respective antibody. After inc¢idoa the samples were washed in
PBS and resuspended in 4% paraformaldehyde, st in dark to be processed
for FACS analysis 24 hours at the latest followingtion. At least 50,000 cells
were analyzed using a FACSCalibur flow cytometeregdn Dickinson

Immunocytometry Systems, Erembodegen, Belgiumy aftgle gating on lymphoid
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cells for all mAb combinations. The percentagegasitive cells were calculated
using CellQuest software (Becton Dickinson, SargDjeCA, USA).

4.1.3 NK and NKT-like CD3'CD56" T cell separation and Cytometric
Bead Array (CBA). Natural killer and CD3D56 T cells were separated by
MACS Cell Separation Technology (all reagents amstruments from Miltenyi
Biotec, Frank Diagnosztika Kft., Budapest, HungarypBMCs were first
magnetically labelled with CD56 MicroBeads accogdito the manufacturer’s
instructions and CD56ells were positively selected on the cell sepanatiolumn.
In the next step, the magnetic beads bound to ¢lesarface were enzymatically
released from the CD5&ells, which were then magnetically labelled witD3Z
MicroBeads and the CD3subpopulation positively selected to compose the
CD3'CD56 T cell population. The remaining fraction of the &cells, which did
not bind the CD3 MicroBeads composed the TIH6 NK cell population. Both
cell populations were stimulated with ionomycin ddA (Sigma-Aldrich, Sigma-
Aldrich Kft., Budapest, Hungary) in RPMI 1640 Mediucontaining 10% foetal
bovine serum, penicillin and streptomycin (all fromvitrogen, Csertex Kit.,
Budapest, Hungary) overnight for cytokine productidhe levels of IL-2, IL-4, IL-
5, IL-10, IFNy and TNFea were determined from the culture supernatants G
(#550749, BD Biosciences, Soft Flow Hungary KfttcB, Hungary) using different
Capture Beads to detect the respective cytokingsul ®f each unknown samples
were incubated for 3 hours at room temperature wighpresence of 501 mixed
Capture Beads and %0 PE Detection Reagent. After incubation, the sasplere
washed in Wash Buffer and bead pellet was resuggemmd\Wash Buffer. Samples
were analyzed right after the experiment on a FA&®Gr flow cytometer (BD
Immunocytometry Systems, Erembodegen, Belgium)utating the amount of
cytokines with CBA Software (BD Biosciences, Saedu, CA, USA).

4.1.4 Cytotoxicity. The cytotoxic activity of NK cells was determinedthwa
nonradioactive, colorimetric cytotoxicity assay @80, Promega, Bio-Science Kft.,
Budapest, Hungary). PBMCs containing NK cells wasecultured with K562 cells,
conventional target cells of NK cells (NK-sensitiggythroleukaemia cell lin&)®®
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for 4 hours at 37°C in 40:1, 20:1 and 10:1 effetbetarget ratios in a U-bottom 96-
well tissue culture plate, according to the mantuiae’s instructions. Absorbance of
the final color product was recorded by a stand#evell plate reader (Thermo
Labsystems, Franklin, MA, USA) at 492 nm. Cytotatyicwas expressed as the
percentage of lysed target cells in each effectdatget ratio.

4.1.5 Statistical analysisStatistical comparisons were made by using one-
and two-tailed Student’s t-tests. The results wexpressed as the mean value +
standard error of the mean (SEM). Differences weeresidered significant when the
value of P was equal to or less than 0.05.

4.2 Results

4.2.1 Innate peripheral lymphocyte frequencies inhe acute phase of
ischemic stroke.In order to investigate the acute innate cellulamune responses
in ischemic stroke, peripheral blood samples wergiged within 6 hours and after
72 hours of symptom onset and compared both witdh @gher and with healthy
controls. We particularly focused on innate T Ilymopytes like ydT cells,
CD3'CD56 NKT-like cells and CDZXD56 NK cells, which are capable of rapidly
producing cytokines and performing cytotoxicity.eTfiequency of ¥2*, NKT-like
T cells and NK cells in the PB was not differenham samples obtained within 6
hours after onset of stroke were compared to samgiained 72 hours later. In
addition, samples taken from patients did not diffhen compared to healthy

controls Table 5).

Percentage of PBL Healthy Patients, acute ischemic

subjects stroke

within 6 hours  after 72 hours

Va2 T % 2.02+0.54 1.37+0.24 1.66 £0.25
CD3'CD56" NKT-like %  4.41 +1.56 6.22 +1.37 5.75+1.37
CD3CD56 NK % 17.34 +2.23 16.34 £ 2.19 16.63 £ 2.34

Table 5. Innate lymphocyte frequencies in the periperal blood
Mean = SEM are indicated.
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4.2.2 Cytokine production of innate lymphocyte substs in the acute
phase of ischemic strokelNext, intracellular IFNy expression was analyzed by flow
cytometry in \B2" T cells, CD3CD56 NKT-like, and CD3CD56" NK cells Figure
6). The expression of IFNwas significantly higher in all subsets after 72utso
compared to samples obtained within 6 hours froenbiginning of ischemic stroke.
In order to define whether the baseline It 6 hours was deficient or normal, data
were obtained from healthy individuals as well. HfBxpression in healthy subjects
corresponded to percentages of lifNroducing cells at 72 hours of patients in all
subsets and differed significantly from percenta@ie€ hours in CDILD56 NKT-
like and \B2" T cells.

Pro- and anti-inflammatory cytokine production alated CD3CD56
NKT-like and NK cells were also analyzed. NK and NKke subsets were
separated by magnetic beads, stimulated for 24sHpuPMA/ionomycin and IFNs;
TNF-a, IL-2, IL-4, IL-5 and IL-10 production was measdr the supernatants. In
case of NK cells, significantly higher IFilevels were detected at 72 hours
compared to 6 hours after the beginning of strokadcordance with data obtained
by the flow cytometric analysis (37.6 ng/ml vs.2hg/ml, p<0.05). The levels of

the other investigated cytokines were not diffe{eata not shown).
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Figure 6. Intracellular IFN- y expression by innate lymphocytes in acute ischemstroke

A. Intracellular IFNy expression by ¥2" T cells,B. CD3'CD56" NKT-like and C. CD3
CD56 NK in the peripheral blood of acute ischemic lstrpatients within 6 hours and after
72 hours from the onset of stroke symptoms, ansettod healthy subjects is indicated.

HS: healthy subjects; mean £ SEM is shown.

4.2.3 Cytotoxicity of innate lymphocytes in the ade phase of ischemic
stroke. Intracellular expression of perforin was analyzgdlbw cytometry in \62*
T cells, CD3CD56™ NKT-like and NK cells Figure 7). Significantly increased
percentages of perforin-expressingd2V T cells, NKT-like and NK cells were
revealed in samples obtained at 72 hours comparédnburs after onset of stroke.
Perforin expression in healthy subjects correspdntde percentages of perforin
producing cells at 72 hours of patients in all gitsand differed significantly from
percentages at 6 hours in CITBD56" NKT-like cells.
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Figure 7. Intracellular perforin expression by innae lymphocytes in acute ischemic
stroke

A. Intracellular perforin expression byd2" T cells,B. CD3'CD56" NKT-like andC. CD3
CD56 NK in the peripheral blood of acute ischemic strpldients within 6 hours and after
72 hours from the onset of stroke symptoms andetbbsealthy subjects is indicated.

HS: healthy subjects, mean = SEM is shown.

We were also interested in the role of the othejomaytotoxic mechanism,
the Fas/FasL-mediated apoptotic pathfay* Surface expression of FasL was
examined on CDXID56 NKT-like cells and NK cells. FasL expression was
significantly decreased by CDBD56 NKT-like and NK cells in samples obtained

after 72 hours of symptom onsdtiqure 8). FasL expression in healthy subjects
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corresponded to percentages of FasL expressirgjateli2 hours of patients in both
subsets, and differed significantly from percensagie6 hours in NK cells.
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Figure 8. FasL expression by innate lymphocytes iacute ischemic stroke
A. Surface FasL expression by C®56 NKT-like and B. CD3CD56 NK in the
peripheral blood of acute ischemic stroke patientisin 6 hours and after 72 hours from the

onset of stroke symptoms, and those of healthyestjis indicated. HS: healthy subjects,
mean + SEM is shown.

Since we observed significant alterations in expoesof mediators of major
cytotoxic pathways, we analyzed functional changedNK cytotoxicity in acute
ischemic stroke. Significantly increased percergagfelysed target cells in samples
acquired after 72 hours of stroke compared to theld samples were found in each
experimental effector-to-target cell ratio (40:0;2and 10:1)Kigure 9).
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Figure 9. NK cell cytotoxicity in acute ischemic sbke

Cytotoxic activity of NK cells as a percentage ygdd cells is indicated in ischemic stroke
patients within 6 hours and after 72 hours from dhset of stroke symptoms, and that of
healthy subjects, at different target and effectelt ratios. T=target cell, E=effector cell,
mean + SEM is shown.

4.3 Discussion

Though the nature of immunological changes duetweaischemic stroke is not
fully described and understood, they seem to ocapidly, within hours after the
cerebrovascular attack. Therefore, in the predentyswe analyzed rapid changes in
immunological functions of innate lymphocytes, whiare capable of rapidly
producing cytokines influencing subsequent adaptivemune responses and
performing cytotoxicity. We particularly focused @aT cells, CD3CD56 NKT-
like cells and CDED56" NK cells.

We found that counts of innate T lymphocytes and ¢¢és were consistent in
the acute phase of stroke, and did not differ fommtrol subjects. Similarly, a recent
report has not found any alterations in NK cell inem only adaptive T lymphocyte
subsets showed a decreased percentage in &triskeontrast to T cells participating
in adaptive immune responses, number and percentafgenate T lymphocytes
were found to be unaltered here. However, exterfsivetional changes of these cell
types were revealed. Cell counts and percentagestdalways reflect faithfully the

underlying immunological changes and functional nges may occur without
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differences of cell counts and percentages eveweilh subsets with regulatory
functions®’

Rapid cytokine production is one of the major meddras to influence and
regulate subsequent immune responses. Thereforeanabzed pro- and anti-
inflammatory cytokine expression and productiorivio different ways: expression
of intracellular IFNy production and anti- and pro-inflammatory cytokieeels in
supernatants of isolated innate lymphocyte culturgsacellular production of IFN-
ywas reduced in all lymphocyte subsets, and NKstglernatants showed decreased
level of IFNyin the hyperacute phase of stroke. Such decred3d¢q ¢xpression
and levels normalized by 72 hours. Igh& a major Thl, pro-inflammatory cytokine
with widespread functions in immune cell regulatiarhich plays a key role in the
response to infectious agefit§® Low IFN-y production after stroke contributes to
acute immunodeficiency in ischemic stroke. Simylaipaired T and NK cell
responses, particularly a reduced lifNroduction were described in a mouse model
of focal cerebral ischemf&.Of note, production of anti-inflammatory cytokin@k-

4, IL-5, IL-10) was not altered in our patients,daexpression of inducible co-
stimulatory molecule (ICOS) connected to Th2 cytekiesponses was also normal
(data not shown). In a previous study, serum levels of IL-10 wammal as well,
supporting our data obtained by stimulation ofased innate lymphocytés.

Beside cytokine production, we also examined a mafbector pathway,
alteration of cyotoxicity in the early phase ofo&. The defective cytotoxicity of
NK cells within 6 hours from onset indicates a dcalmss of immune functions, and
provides further evidence for the existence ofk&rmduced immunodepression in
humans. Such early deficiency of cytotoxicity ctated well with the decreased
production of IFNyby NK cells. Since two major pathways are respdasfbr
cytotoxicity®®, we analyzed expression of these molecules &1 V¥, NKT-like and
NK cells. Interestingly, expression of such medtoshowed anti-parallel
alterations: decrease of intracellular perforinregpion after acute ischemic stroke
correlates with decreased IRNproduction in all three innate lymphocyte subsets
and functional cytotoxicity in NK cells, but appatly not with increase of FasL
expression in NK and NKT-like cells. However, penioand FasL represent two
different and independent mechanisms of cytotokiehd the processes of NK cell-
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mediated necrotic and apoptotic cytotoxic pathwagsliated by perforin and FasL
are differentially regulated by cytokin&sThus expression of perforin and FasL may
change inversely and the overall cytotoxic effextai consequence of the two
pathways together: early decrease in NK cytotoxicind decreased IFN-
y production and perforin expression by all threesstb was characteristic of acute
ischemic stroke.

Our data indicate functional impairment of inngtephocytes in the hyperacute
phase of stroke. Considering that innate lymphacpi®vide acute defense against
infections, particularly by production of IFNand cytotoxicity, such early
deficiency or its disregulated normalization mapstantially influence susceptibility
to infections similar to animal models of cerelisghemia®?°

Decreased number of T lymphocytes related to adaptimune responses has
recently been shown in the hyperacute phase dkestoat functional changes have
not been addressé&tiHere, we show that besides a decreased frequérajaptive
T cells, function of innate T lymphocytes and NHKlgés also deficient in the early
phase of stroke, similarly to animal mod®sSuch functional impairment of innate
lymphocytes may complicate the reported decreaseohbar of adaptive T
lymphocytes in the early phase of stroke and douiei to susceptibility to post-
stroke infection$?

Altogether, our study offers further evidence tpput the development of
stroke-induced early immunodepression in humarggesting the deficient function
of innate lymphocytes. These cells may serve asnpiat new targets in treatments
to avoid stroke-induced immunodepression and issipte consequences, infectious
diseases. Controversial results of studies whergphytactic antibiotics were
administered in the acute and post acute phaseot&s highlight the importance
of further investigations on the exact, detailethpmechanism of the phenomenon

and the search for new therapeutic targets.
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5. INVARIANT V a7.2-3033 TCR IS EXPRESSED IN HUMAN
KIDNEY AND BRAIN TUMORS INDICATING INFILTRATION
BY MUCOSAL-ASSOCIATED INVARIANT T (MAIT) CELLS

5.1 Materials and methods

The study protocol was approved by the Regionalalé&thics Committee.
Patients or representatives gave written permiswoperform all procedures only

performed due to medical purposes supporting distgmand therapeutic decisions.

5.1.1 Isolation of messenger RNA and synthesis dDNA. Nineteen tumor
samples were obtained by biopsy or during opergtidnclear cell kidney cancer, 6
glioblastoma and 2 malignant meningioma) and imatety snap frozen or
processed. None of the patients was treated withunosuppressants or irradiation
before or at the time of sampling. Messenger RNARKA) was isolated using
RNeasy Mini Kit (Qiagen, Hilden, Germany). The dited pellet was resuspended
in 20 ul of RNAse-free water and used for complementaryAD[NDNA) synthesis
by First-Strand cDNA Synthesis Kit (Pharmacia Baobte Uppsala, Sweden, or
Amersham Biosciences, Little Chalfont, BuckinghameshUK) using oligo-dT as

primer.

5.1.2 SSCP (single-strand conformation polymorphisinanalysis.Briefly,
MRNA was isolated from tumor tissues and cDNAXGIDR3 regions was amplified
by reverse transcription (RT)-PCR wittaVVand @x-specific primers. Primers and
probes were designed based on the previously palisequencéd=>* In brief, 1pl
of the diluted cDNA was used for each PCR with afiethe TCR-\-specific
primers and a @-specific primer. Sense primers specific fora&/?2
(GTCGGTCTAAAGGGTACAGT) and ¥l (GCCACAATAAACATACAGGA)
were used in conjunction with the same antisenseax Qrimer
(CAGCTGAGAGACTCTAAAT). Sense primer for w4
(ACAGAATGGCCTCTCTGG) was used with another antisenQx primer
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(ATCGGTGAATAGGCAGACAG). To detect w24-Q-invariant human NKT
cells, RT-PCR was performed as described previowsly Va24-specific sense
primer (ACACAAAGTCGAACGGAAG) and @-specific antisense primer
(GATTTAGAGTCTCTCAGCTG)?’ c¢cDNA synthesized from mRNA of biopsy
samples was amplified for 40 cycles, diluted (BB)l heat denaturated.

Four microliters of the diluted samples were elgaoresed in non-
denaturing 4% polyacrylamide gel. DNA was trandet@ Immobilon-S (Millipore
Intertech, Bedford, MA, USA) and hybridized withbeotinylated @-specific, &i-
specific or a-CDR3-specific clonotypic internal probe. Hybridima with a Gx
probe detects all amplified CDR3 sequences (clqesyrepresenting distinct T cell
clones. In samples with a heterogeneous T cell latipn, the SSCP pattern is
characterized by a smear, while CDR3 sequencesieofdominant or expanding
clones appear as distinct bands reflecting clonalitthe repertoiré®?’** Probes
were as follows: @ (AAATATCCAGAACCCTGACCCTGCCGTGTACC), d29
(CTCTTGTCTTTGGAAAGGGCACAAGACTTTCTGT), d33 (TATCAGTTAA-
TCTGGGGCGCTGGGACCAAGCT), a8 (ATTAACCTTTGGGACTGGAACA-
AGACTCACCATC) and W24 inv, clonotypic (TGTGTGGTGAGCGACAGAGG-
CTCAACCCTG).

DNA was visualized by subsequent incubations wittrepgavidin,
biotinylated alkaline phosphatase and a chemilustieet substrate system
(Phototopé" Detection Kit, New England Biolabs, Inc., MA, USA)

5.1.3RT-PCR. cDNAs for humanf2-microglobulin, IL-4 and IFN¢ were
amplified by RT-PCR as described previoll§ In brief, 1pl of cDNA was used
in 25 yl PCR mixture using PCR Master Mix (Promega, Madjsw/I, USA).
Similar strategies were used for amplification tfies cytokines and MR1 mRNA.
The primer sequences and annealing temperatureadicated inTable 6. cDNA
was amplified in GeneAmp 2700 amplifier (AppliedoBystems) using 39 cycles.
The clonotypic RT—PCR for the detection of the meat MAIT TCRa chain was
performed as described previously, by using7\2-specific sense and clonotypic

invariant Vu7.2-233 anti-sense primer3#ble 6).3*
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Primer sequences (5'-3) Annealing

temperature

(C)
TNF-a F: caatgccctcctggccaat; R: tcggcaaagtcgagatagtc 58
IFN-y F: atgtagcggataatggaactc; R: aacttgacattcatgtcttcc 58
IL-17 F: aatctccaccgcaatgagga; R: acgttcccatcagaigtt 58
IL-12 F: attctcggcaggtggaggt; R: gcagaatgtcaggg#gaa 58
IL-4 F: actgcaaatcgacacctatta; R: atggtggctgtagaact 58
IL-5 F:gcttctgcatttgagtttgctagct; R:tggccgtcaatiftitattaag 60
MR1 F: tgggagaggtacactcagc; R: agccacattatctacagcca 58
IL-10 F: gaaccaagacccagacatc; R: cattcttcacctgetcca 58
V[B13A F: gtatcgacaagacccaggc 62
V[(313B F: ggctcatccattattcaaatac 60
V32 F: tcatcaaccatgcaagcctg 60
CB R: gcttctgatggctcaaacac 60
Va7.2-133 F: gtcggtctaaagggtacagt; R: tgatagttgctatctctcac 58

B2-Microglobulin F:aagatgagtatgcctgccgtg; R: cggcatcttcaaacctccat 58

Table 6.Primer sequences and annealing temperature

5.1.4 Flow cytometry and sorting of lymphocyte poplations. 30 ml
heparinized peripheral blood was obtained from godsi with clear cell kidney
cancer, brain tumors and from healthy subjects. EBMvere isolated on Ficoll-
Paque gradient (GE Healthcare, Uppsala, Sweden) deynsity gradient
centrifugation. Fresh, unfixed tumor tissue blogks cnt) obtained by nephrectomy
were immediately sampled in the operation theatmmfthe tumor—kidney border
region or from brain tumors, kept on a humid atnhesp at +4°C and transported
within an hour time to the flow cytometry laborgtofumor tissues were cut into
cubic millimeter pieces by a sharp sterile surglaafe, immersed in 2 ml, pH 7.4,

PBS and pushed gently through a 100-microfilter (Millpore). The cell counts of
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the filtered tumor cell suspensions were measurgdab‘routine’ laboratory
volumetric hemocytometer (CellCyn3700, Abbott, US¥) adjusted to 5xi@ells
per ml in PBS. After washing in PBS, 1X1BBMCs and 5x10tumor cells were
incubated for 30 min at room temperature with défé dual or triple combinations
of the following mAbs: FITC-conjugated anti-CD3,ta@D4 and anti-HLA-DR;
PE-conjugated anti-CD8 and anti-CD4, and allophyaot- or perCP-conjugated
anti-CD56 and anti-CD45 (all antibodies from Becitkinson, San Diego, CA,
USA). At least 50,000 cells were analyzed usingACECalibur flow cytometer
(Becton Dickinson Immunocytometry Systems, Eremigedg, Belgium) after single
gating on lymphoid cells for all mAb combinatioffsimor cells were gated out from
the tumor-infiltrating lymphocyte populations byethlarge forward/side scatter and
CD45"™ staining characteristics. The percentages of ipesitells were calculated
using CellQuest software (Becton Dickinson).

CD56 cells were positively selected with CD56 MicroBsash a MACS
Cell Separation Column according to the manufacwirastructions (Miltenyi

Biotec, Bergisch Gladbach, Germany).

5.1.5 Immunohistochemistry.After endogenous peroxidase blocking, slides
were incubated with antibodies against CD3 (Dakediuted), CD4 (Labvision,
1:40), CD8 (Labvision, 1:50) and CD56 (Novocastt&h0). The antibodies were

visualized in an automated immunostainer (Ventaedibval System).
5.2 Results

5.2.1 Detection of the invariant \624-JaQ TCR sequence in biopsy
samples of kidney cancer and brain tumorsin order to investigate the presence of
human NKT cells in tumor tissues, we applied SSGRality assay. We could
detect \Wu24 mRNA in all kidney cancers and six out of ei@iNS tumors. Control
kidney and brain samples were negative for tle24’ TCR (data not shown). The
number of infiltrating clonotypes varied betweerotand nine per sample in kidney
cancer, and there was a great variation in the eumabd dominancy of certain

clonotypes. Furthermore, a clonotype in the sansitipa was identified in different
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samples indicating the presence of a shared, enaoiCDR3 (Figure 10). Indeed,
hybridization with the invariant clonotypic probevealed a single band. The
invariant clonotype was present in 11 out of 19ceanissues (7 out of 11 kidney and
4 out of 8 brain)Kigure 10).

Kidney Brain

-

SN - a

1234 56789 1011 |1 234567 8 HS

Figure 10. Clonality of the Va24" T cell repertoire and presence of the invariant \é24-
JaQ clonotype representing NKT cells in kidney and bain tumors.

Tumor tissues obtained from 11 patients with ctedr kidney cancer (left panel) and eight
patients with brain tumor (right panel) were examtinby RT-PCR SSCP clonotypic
analysis. Amplified 824" CDR3 was hybridized with adCprobe (upper panel) and an
invariant, clonotypic CDR3-specific probe (lowerngd. HS indicates a lane for PBMC
from a healthy subject. Arrow shows the positiornhaf clonotype representing the invariant
Va24-2Q CDR3 in several samples indicating the presehbiad cells.

5.2.2 Detection of the invariant \@7.2-Jua33 TCR sequence in biopsy
samples of kidney cancer and brain tumorsThe expression of &%7.2" clonotypes
and the invariant ¥7.2-2133 MAIT TCR was examined by previously established
SSCP method, similar to the detection of NKT TE&.Va7.2" clonotypes were
detected in 8 out of 11 kidney cancer and 6 ou8 tfrain tumors. Similar to the
Va24" T cell population, CNS samples were characterizednbear with a few, less
dominant clonotypes compared with kidney cancerserwithe membrane was
hybridized with a @-specific probe. A common clonotype representirg W 7.2-

Ja33-invariant aCDR3 was found in the &7.2 repertoire confirmed also by
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hybridization with a d33-specific probé&? Invariant clonotypes could be detected in
14 out of 19 cancer samples (8 out of 11 kidney@&ndt of 8 brain tumorsFgure
11). In both kidney and brain tumors, the MAIT clopja¢ was more dominant than
in the peripheral blood~gure 11, lower panel).
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HS 1234 56 78 91011 | 1234 56 738

Figure 11 Clonality of the Va7.2" T cell repertoire and presence of the invariant
Va7.2-Ja33 clonotype representing MAIT cells in kidney andorain tumors.

Tumor tissues obtained from 11 patients with ctedr kidney cancer (left panel) and eight
patients with brain tumor (right panel) were examinby RT-PCR SSCP clonotypic
analysis. Amplified \7.2° CDR3 was hybridized with adCprobe (upper panel) and a
Ja33-specific probe (lower panel). HS indicates alfor PBMC from a healthy subject.

Arrow shows the position of the clonotype repreisgnthe invariant \47.2-133 CDR3 in
several samples indicating the presence of MAITscel

5.2.3 Search for invariant V4" and Va19" TCR sequences in tumorsin
addition to MAIT and NKT cells, W4-Ja29" and W19-2148" T cells have been
shown to express non-canonicaCDR3s>® To investigate their presence among
tumor-infiltrating lymphocytes, we established SS&idhotypic assays.

Va19" mRNA was detected in 5 out of 11 kidney cance&}but in none
of the brain tumors. Similarly, "™ mRNA could be amplified from six kidney
cancers (54%), but was not present in brain tunirs. infiltrating V4™ repertoire

was very restricted in kidney cancers indicatedthy presence of a few, well-
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demarcated clonotypes. In contrast, thel9" T cells expressed heterogeneous
aCDR3 Figure 12). We were not able to identify shared® or Va19' clonotypes
hybridizing the samples withdz or Jx-specific probesKigure 12), suggesting that

presence of MAIT and NKT clonotypes in tumors may lbe accidental.

Vo4 Va19

Figure 12. Clonality of the V4" and Va19' T cell repertoire in clear cell kidney cancer.
Tumor tissues expressingo¥” and W19 TCR were further analyzed by SSCP clonality
analysis using @-specific probe to detect clonotypes with invaridi@R. No shared
clonotypes are present in five kidney cancers jvesfor Va4" TCR (left panel) and seven
kidney cancers expressingt¥%9" TCR (right panel).

5.2.4 Detection of B2 and V313 TCRP chains expressed by MAIT cells
in kidney and brain tumors. Beside the invariant &7.2-2x33 TCRx chain, MAIT
cells are characterized by a restricte2\and \B313 TCR usagé®®® We examined
the expression of these TBRhains by RT-PCR. In kidney cancers, all but one
sample expressedp2 and \313 mRNA, respectivelyHigure 13). In addition, all
the eight samples expressing the MAIT clonotypeewsssitive for bott chains. In
contrast, expression of theBechains was more limited in brain tumorsf2/and
VB13 sequences could be detected in five sampleshalidof the brain tumors

expressing the invariant MAIGTCR did not express32 and \f313.
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Figure 13. Expression of 82, VB13, MR1 and cytokines in tumor tissues expressing
MAIT aTCR.

Expression of cytokines, TCRBVchains and MR1 was determined by RT-PCR in a
representative sample of clear cell kidney carggy éxpressing the invariant MAIFTCR
(seeTables 7 and § (lanes indicate: 1 =[f13A, 2 = \313B, 3 =\$32, 4 = TNFea, 5 = IFN-

y, 6 =1IL-17, 7 = IL-12, 8 = IL-10, 9 = IL-4 and 1OMR1).

5.2.5 T cell subtypes in tumors expressing the inkant MAIT aTCR. To

further characterize tumor samples expressing ianao TCR and restricted TR
chains of MAIT cells, tissues were stained withi-®€3, anti-CD4, anti-CD8 and
anti-CD56 antibodies. All kidney and brain tissue®re positive for CD3
lymphocytes, as expected. Only a few lymphocytgsressed CD4 in contrast to
CD8 co-receptorHigure 14). FACS staining of infiltrating lymphocytes confied
that HLA-DR'CD8°" T cells were the major subset in tumors expressiAdT
TCRs Figure 14). However, infiltrating T lymphocytes did not erss CD56 in
either tumor, despite of previous data suggestipgession of this molecule by NKT

and MAIT cells as wellRigure 15).2%3?
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Figure 14. Phenotype of infiltrating T lymphocytesin tumor tissues expressing the
invariant MAIT aTCR.

Surface expression of CD8 by immunohistochemistd0Q) and CD8/HLA-DR on tumor-
infiltrating lymphocytes analyzed by flow cytomeigyshown in a representative sample.

5.2.6 Detection of the invariant MAIT aTCR in CD56 subsets of PBMC
obtained from patients with kidney and brain tumors. The absence of CD56T
cells in tumors expressing MAIT and NKT TCR was xjmected Figure 15).
Therefore, we examined the expression of the iamavo7.2-133 TCRx chain in
peripheral CD56 and CD56 T cell subsets isolated from PB of five patientishw
kidney cancer, five patients with brain tumors &ind healthy subjects. CD5@nd
CD56 subsets were isolated by MACS from PB and the iamaMAIT TCR was
amplified by clonotypic RT-PCR. Both CD5@nd CD56 subsets obtained from
patients and healthy controls expressed MAIT TERRre 15).

5.2.7 Cytokine and MR1 expression in kidney and bia tumors
infiltrated by MAIT and NKT cells. While the functional heterogeneity of NKT
cells is well established, MAIT cells are regarageda T cell population producing
primarily Th2 cytokine$?**%%This view has been recently challenged in nifce.
Therefore, we attempted to examine the cytokinearenment in tumors expressing
MAIT and NKT TCR Eigure 13). Tumor samples were examined for the presence
of MAIT and NKT clonotypes by RT-PCR SSCP and datesl with pro/anti-
inflammatory cytokine expression examined by RT-P{@Rthe same samples
(Tables 7 and §.
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Figure 15. Expression of CD56 in tumors expressinylAIT aTCR and presence of
MAIT aTCR in peripheral CD56" and CD56 lymphocyte subsets obtained from cancer
patients and controls.

A. CD56 and CD56lymphocyte subsets were isolated from the pergdi@#ood of healthy
controls, patients with clear cell kidney canced qatients with brain tumors by MACS.
Purity of the sorted population was checked by flowtometry. Expression ofi2-
microglobulin (upper panel) and the invariant MAdTCR by a clonotypic RT-PCR (lower
panel) was examined in the CD5hd CD56subsetsB. Clear cell kidney cancer and brain
tumors expressing the MAITWTCR were examined for the expression of CD56 by
immunohistochemistry. The positive staining of CE&ved as positive control (brown,
x200).
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The majority of tumors expressed pro-inflammatofhl and Th1l7)
cytokines. IL-12 and TNEr mRNA were equally well represented in both kidney
and brain tumors. In contrast, only a single bramor expressed IL-17 and none
was positive for IFNy mRNA, although both cytokines were abundantly egped

in kidney cancerTables 7 and 8.

1 2 3* 4 5 6* 7 8 o* 10 11

TNF-a  + + - + + + + + + + +
IL-12 + + - + + + + + + + +
IFN-y + - + + + + + - - - -
IL-17 + + - + - + + + - + +
IL-4 + - - - - - - - - - -
IL-5 - - - + - - + - - - -
IL-10 + + - + + - + + - - -
MR1 + + + + + + + + - + +
NKT + + + + - - + - + + -
MAIT + + + + + + - + + - -

Table 7. Expression of cytokines, MR1 and TCR chains of T cell populations with

invariant CDR3a in clear cell kidney cancers.
Numbers indicate individual tumor samples. The nendd samples corresponds to those in

Figures 10 and 11 MAIT and NKT indicate the presence of the invati¥a7.2-h33 and
Va24-1Q TCR, respectively. The expression of invarianfA2-h33 and W24-bQ TCR
was examined by RT-PCR SSCP clonotypic analysis,tla@ expression of cytokines and
MR1 was examined by RT-PCR (see Methods). Asteiiglisate those samples where no
IL-4, IL-5 and IL-10 mRNA could be detected despite presence of the invariant MAIT

TCRa chain.

A similar bias was observed in the case of antammmatory cytokines: only
IL-10 mRNA was detected in abundance in kidney eescThree kidney cancers
were also positive for IL-4 and IL-5 mRNA, but tleesytokine messages were not
detected in brain tumors at all. In addition, thoéeghe kidney cancers and three of
the brain tumors expressed only pro-inflammatonpkiynes despite the presence of
the invariant MAIT TCR Tables 7 and 8.
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1* 2* 3 4 5 6 7 8*

TNF-a + + + + + + + -
IL-12  + + + + + + + +
IFN-y - - - - - - + +
IL-17 - - + - - - - -
IL-4 - - - - - - - -
IL-5 - - - - - - - -
IL-10 - - - - + + + -
MR1 - + + + - + + +
NKT - + - - - + + +
MAIT  + + - ; + + N N

Table 8. Expression of cytokines, MR1 and TCR chains of T cell populations with

invariant CDR3a in brain tumors.
Numbers indicate individual tumor samples. The nendd samples corresponds to those in

Figures 10 and 11 MAIT and NKT indicate the presence of the invatiga7.2-h33 and
Va24-1Q TCR, respectively. The expression of invarianfA2-h33 and W24-bQ TCR
was examined by RT-PCR SSCP clonotypic analysis,tla@ expression of cytokines and
MR1 was examined by RT-PCR (see Methods). Asteiigksate those samples where no
IL-4, IL-5 and IL-10 mRNA could be detected despite presence of the invariant MAIT

TCRa chain.

To examine whether infiltrating MAIT cells may bachlly activated through
antigen recognition, expression of MR1 was alsockeeé (Tables 7 and 8 and
Figure 13). All but one kidney cancer and four out of sbaibrtumors expressing
MAIT TCR were positive for MR1 mRNA. In contrast,ewdentified 4 out of 19
tumors, which expressed MR1 but no MAIT invaria@R.

5.3 Discussion

The role of NKT cells in tumor immunity is well esfished?®°"% In
contrast, other innate T lymphocytes expressingmiaal aTCR have not been
examined. A novel innate T cell subset, MAIT ceissparticularly interesting since
phenotypic and functional similarities to NKT cellbave been already
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§>32949599.10are e examined the clonality of those T cedlertoires in

suggeste
tumors, which contain innate lymphocytes with in&at TCRx chains (M4, Va7.2,
Val9 and \&24). The applied method (RT-PCR SSCP) has the #alyanof
assessing clonality and clonal dominance besidestamination of TCR expression.
After the amplifiedd CDR3 cDNA sequences are separated by SSCP eleotesih)
hybridization with a @-specific probe visualizes the particulan ' cell repertoire.
The presence of invariant T@Rchains can be judged in this whole repertoire and
further confirmed in a more restricted T cell reépee by a subsequent hybridization
with a Ii- or invariantaCDR3-specific clonotypic probe. After establishiS8§CP
clonality assay for the identification of NKT cellsautoimmune lesions, our method
has been applied in other pathological studiesdatd were confirmed by different
methodologies?*'**Particularly, we modified the method to detectiriant \i7.2-
Ja33 T cells, later termed MAIT cells, in autoimmuasions?®®*

Out of the analyzed four T cell subpopulations,yommvariant Vb24-JQ
NKT and Vo7.2-1033 MAIT cells could be identified in tumor tissueslthough
both Vo4" and Wi19" TCR were present in about half of the kidney cascap
identical clonotypes indicating an invariamtCDR3 were detected in these
repertoires. In brain tumors, even the non-canéni@” and W19 clonotypes
were absent. These data suggest that MAIT and N&IE are the major innate
afTCR lymphocyte subsets to infiltrate human tumorsl anay indicate that
presence of these T cell subsets in tumors is nodental but rather specific.
Indeed, the clonal dominance of MAIT and NKT wapesuor to PB.

The number of infiltrating 7.2 and \&i24 clonotypes varied between two
and nine per sample in kidney cancer and thereangreat variation in the number
and dominancy of certain clonotypes. In contrastirbtumors had a more restricted
number and less dominancy of clonotypes. These satgested that although
Va7.2" and W24" T cells were present in both PNS and CNS tumoidnely
cancers were infiltrated with more heterogeneogsllpopulations. Alternatively, T
cells died in the CNS tumors. We also observed eemestricted \7.2" and \bi24"

T cell repertoire in autoimmune CNS lesions, cormagamwith autoimmune

demyelinating lesions of the PN8** Accordingly, our data may indicate that within
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the total 24" and \W7.2" repertoire, both MAIT and NKT cells represent
relatively more dominant populations in CNS compgameith kidney tumors.
Moreover, presence of NKT cells in CNS tumors casted to autoimmune CNS
lesions, where NKT cells were rarely detected degie presence of conventional
Va24" T cells?® Detection of NKT cells in CNS tumors indicatesttladsence of
NKT cells is unique to autoimmune infiltrates argl riot related to the special
immunoregulation of the CNS.

The presence of MAIT cells in tumors indicated We texpression of
invariant MAIT TCR clonotypes is a novel findingytbnot unexpected considering
the similarities to NKT cells. The anti-tumor resge of NKT cells has already
initiated human clinical trials to treat can¢&f’>*%’ Presence of NKT cells or the
invariant Vu24-biQ TCR has been shown in human tissue sarffpf&¥s?
including tumors in sitd**™!*® However, the expression of theaV.2-h33
rearrangement was only examined and found in aumeoine and cutaneous sarcoid
lesions, suggesting that MAIT cells can infiltrdigsues as weff*'%® Although the
invariant MAIT TCR has not been examined in tunswdar, the restricted 82 and
especially \B13 TCRs expressed by MAIT cells have been alreduhwe in a
number of tumor$***®n addition, several studies indicated an in vitgaolytic
activity of infiltrating VB13" T cells, particularly with a CD8 phenotype, both
characteristic of MAIT cell$:°**® Indeed, kidney and brain tumors expressing the
invariant MAIT TCR were infiltrated by COS8T cells in our study. These CD§
cells also expressed HLA-DR, indicating an actigaséate. Of note, the invariant
MAIT and NKT TCR were co-expressed in about half tbeé tumor samples
regardless of compartmentalization, suggesting My¥aIT and NKT cells infiltrate
cancers together.

We also examined the presence of CD56 moleculenbitrating T cells,
which can be connected to cytotoxicity and can keressed by both NKT and
MAIT cells.?>** However, T cells in kidney cancer and brain tumeese negative
for CD56. Therefore, we examined whether periph®&alT cells obtained from
patients with these cancers alter expression oféaiamnpared with healthy controls.
We sorted CD56 and CD56 subsets from the peripheral blood and applied a
clonotypic PCR to identify the presence of MAIT Isein these subsets. The
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invariant Vu7.2-i33 TCR message could be amplified in both CD&6d CD56
subsets, similar to healthy subjects. Thus, althopart of peripheral MAIT cells
express CD56 in cancer patients, the tumor-infittgMAIT cells may comprise a
CD56 subset.

MAIT cells represent a novel T cell population wiimilar phenotypic and
functional properties to NKT celf§;3234949991%rhair regulatory role has been
already addressed in autoimmunity and may be cklate anti-inflammatory
cytokines produced or induced by MAIT cells. In micdhey can protect against
autoimmune inflammation of the CNS by an increadedO production through
interactions with B cell§> In humans, the invariant MAIT TCR was detected in
autoimmune lesions in connection with expressionilefi and IL-10 mRNA®*
However, recent data indicated a heterogeneouskiogtoproduction by murine
MAIT cells, similar to NKT cells$’®**° Considering the presence of MAIT cells in
tumors, the suggested similarities to human NKTsagith anti-tumor activity due to
production of pro-inflammatory cytokines and thedtional heterogeneity of murine
MAIT cells, we correlated pro- and anti-inflammataytokine expression in tumors
with the presence of MAIT clonotypes. Pro-inflamorgt cytokines were widely
expressed in both kidney cancers and brain tunasrexpected. The only abundantly
expressed anti-inflammatory cytokine was IL-10, evhimay both suppress and
stimulate anti-tumor immune respon$®s.In addition, only pro-inflammatory
cytokines were detected in six tumors expressimg itivariant MAIT TCR. The
correlation of pro-inflammatory cytokines with MAIGlonotypes may indicate that
human MAIT cells may have a pro-inflammatory supsehilar to human NKT and
murine MAIT cells?®*° Besides expression of cytokines, tumors also sspd
MR1, the antigen-presenting molecule of MAIT cells.the majority of tumors,
MR1 was co-expressed with the invariant MAIT TCRdicating that MAIT cells
may have the possibility to be locally activated liggnds presented by MR1 and
possibly contribute to the cytokine environment agbtoxicity ***%°

Our data also emphasize the immunological diffezenof tumors located
outside and within the CNS. First, there was aed#hce in the number and
dominancy of both ¥24 and \&7.2 clonotypes between tumors located in different

compartments. In addition, while2 and \B13 expression was obvious in all
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tumors presenting the invariant MAIT clonotypeskidney cancer, some of the brain
tumors did not disclosef82 and \B13 TCR, indicating that a subset of MAIT cells
may express otheB chains in CNS tumors. In kidney cancer, pro-inftaatory
cytokines IFNy and IL-17 were abundantly present. In contrashenof the brain
tumors expressed IFNand only one tumor was positive for IL-17 mRNA.iF bias
was characteristic only of Th1/Th1l7 cytokines sifid¢F-a and IL-12, cytokines
important in anti-tumor responses, were equally vegdresented in kidney and brain
tumors. The number of malignant gliomas and meonmgs was not enough to
examine differences regarding MAIT, NKT cells arydokines.

In summary, our data indicate that a novel NKT-likeell population, MAIT
cells infiltrate tumors similar to NKT cells, whilgther invariant T cell subsets may
not be present. The co-expression of MR1 and MAORTINn tumors suggests that
MAIT cells may be locally activated. The co-expreasof pro-inflammatory
cytokines and the invariant MAIT TCR in the absen€dh2 cytokine messages in
tumors may suggest functional heterogeneity of hu&IT cells. Our data also
imply that MAIT cells in tumors may belong to a G®Subset and express CD8 and
HLA-DR. Considering the importance of NKT cells ianti-tumor responses
represented even by human drug trials, the funatisimilarities between MAIT and
NKT cells and the co-expression of the two invari@iCRs in tumors, our data
indicate that beside NKT cells, MAIT cells may bscaconsidered in anti-cancer

treatment strategies.
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6. SUMMARY OF THESES

1. Theexvivo andin vitro frequencies of lymphocyte subsets in the treateeipts
with Pompe disease were not different from the aatad patient with Pompe
disease and healthy controls. Taxevivo percentage of activated CtZD25°"

T cells was significantly elevated in the treatetignts with Pompe disease.
Expression of cytotoxic FasL and perforin molecutss NK, NKT-like and
CDS8' T cells were not increases vivo.

2. rhGAA stimulationin vitro generated a dose-dependent increase in intraaellul
IFN-y expression in CD4and CDS8 T cells in the treated patients with Pompe
disease. Isolated CD4nd CDS8 T cells produced increased amounts of NFN-
and TNFae in half of the treated patients afiervitro stimulation with rhGAA,
while IL-4, IL-6, and IL-17A levels were not eleeat We show that enzyme
replacement therapy induces pro-inflammatory T ceBponses besides an
antibody response in Pompe disease.

3. The percentages of particular innate lymphocytés, WKT-like and NK cells
do not change in the acute phase of ischemic sirokentrast to the reported
decrease of adaptive T cells.

4. In contrast to unaltered frequency, an acute foneli deficiency of innate
lymphocytes occurs in the acute phase of ischetm&es within 6 hours: pro-
inflammatory IFNy production, expression of perforin and NK cytotityi are
decreased, while there is no change in productiohh@ cytokines and Th2-
related ICOS expression. We may hypothesize thet sarly deficiency or its
disregulated normalization may substantially inflce susceptibility to
infections similarly to animal models of cerebthemia.

5. MAIT and iNKT cells are the only known invariantcglls infiltrating brain and
kidney tumors.

6. Since INKT cells are present in CNS tumors, théiseance in MS plaques is
disease-specific and not related to the CNS enmieont.

7. MAIT cells may have a pro-inflammatory subset, vhifiltrates tumors.
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Brain and kidney tumors differ in infiltrating T lkand MAIT cell subsets: brain
tumor infiltrating MAIT cells may express additidneCRp to V32 and \f313.
MAIT and iNKT cells in tumors do not express CD3thaugh both CD56and
CD56 subsets are present in the peripheral blood evpatients with cancer.
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