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Abstract

Lymph node stromal cells play a role in self-tolera by presenting tissue antigens to T cells.
Yet, immunomodulatory properties of lymphoid tissti®ma, paticularly towards CD4+ T cells, remain
insufficiently characterized by lack of tools tagat antigens for presentation by stromal cells. A
lentiviral vector was therefore designed for antigelivery to MHC class Tlcells of non-hematopoietic
origin. Following intravenous vector delivery, ttransgene was detected in lymph node gp38+ stromal
cells which were CD45- MHCII+ and partly positiver {CD86 and CTLA4 or B7-H4. The transgene
was not detected in classical dendritic cells ohph nodes or spleen. Transgene-specific CD4+ and
CD8+ T cell responses were primed and regulatorgells were alsogmduced but effector T cell
response did not develop, even after a peptidetbosigen-specific €D3+ T cells were not cytolytic
in vivo. Thus, expressing a neo-antigen in MHC-II+ lymma&rsiroma seems to trigger blunt CD4 T
cell responses leading to antigen-specific CD8-ellanefgy? These results open up new perspedtives
further characterize lymph node stromal cell fusigaldproperties and to develop gene transfer potéoc

targeting lymph node stroma to induce petipheraramce.

I ntroduction

Antigen presenting cells (APCs) are a functiondigterogeneous population of cells with
immunizing or tolerogenic properties. Gene transfty specific subsets of APC could therefore lead
different immunological outcomes which is importdaatunderstand in the context of gene therapy.
Professional APCs such as dendritic cells (DC) MHC class [+ mobile sentinels specialized in
acquiring antigens from the outside and of integgavarious signals to trigger specialized effeclor
cell responses [1]. Stromal cells in tissues orglinid organs also function as APCs by presenting
endogenous tissue antigens to T cells, playingyar&ke in self-tolerance in the steady-state [2, 3]

While most tissue stromal cells only express MH&ssll and can only present to CD8 T cells, some
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subsets of stromal cells express MHC class Il.ikstance thymic epithelial cells present self-pdgti

on both MHC class | and class Il molecules to shapeell precursors T cell receptor repertoire by
positive selection or clonal deletion [4]. Autoctae CD4+ T cells, which escape deletion in the
thymus may become anergic through additional perglhtolerance mechanisms, notably in secondary
lymphoid organs (SLO).

SLO like spleen or lymph nodes (LN) are highly-orgad structures that bring immune cells in
close contact within functionally-defined compartitee It is now clear that stromal cells in SLOs are
not only important structural elements that detine traffic of cells and of fluids in the organ,ttalso
control lymphoid homeostasis and T cell respon&gsifi mice, several gnodels show that peripheral
CD8+ T cell tolerance is established in LN by dingesentation of self-antigens on MHC class | by L
stromal cells [5-8]. Recently, SLO stromal cellsrevalso shoWs to control peripheral CD4+ T cell
development. SLO stromal cells can express lowldegconstitutive MHC class Il molecules, which
can be upregulated during immune responsesf9l [ty functional role of SLO stromal cells in CD4+
T cell activation has been assessed expérimentatly transplants of MHC class Il-deficient LN
combined with T cell transfer. Theséwexperimehimased that MHC class Il self-antigen presentation
by LN stromal cells controlsantigen-specific resp® by maintaining antigen-specific regulatory Tsce
[11]. It is not knowrdshowsMHC class I+ stromal kselfunction in more physiological conditions.
Studying antigenic presentation by LN stroma remaimallenging [3] and has not yet been explored via
gene transfer.

Recombinant gene transfer lentiviral vectors (LY§ aon-inflammatory tools that can be used
for in vivo gene delivery. LV can be engineereceipress antigens in specific cell types. LV envelop
glycoproteins can be engineered for cell-specifitrye[12-14]. In particular, a lentiviral pseudog/p
specific for murine MHC class Il IA[15, 16] was useth vivo in mice and was shown to efficiently
transduce MHC class 11+ DC in SLO [17]. The trandchn of rare MHC class Il+ stromal cells with

this pseudotype was not reported in this previdudys LV can also be engineered to regulate cell-
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specific transgene expression for instance withube of mirl42.3p target sequences which prevent
transgene expression in cells of the hematopoleteage [18, 19]. This strategy precludes direct
antigenic presentation of the transgene produd®y20] and prevents the induction of anti-transgen
T cell responses [21-24].

We have therefore combined the use of MHC classcBit targeting and inhibition of transgene
expression in cells of hematopoietic origin to delitransgene in MHC class I+ stromal cells. Ressul
show that such cells are present in lymph nodesicé in the steady state and that transgene degliger
these cells appears to prime CD4+T cells but prsvére full development of anti-transgene effector

cells leading to CD8+ T cells anergy.

Results

Transgene expression can betargeted to LN stromal celfs with the LV-MHCII-miR vector

To obtain selective gene expression inMMHE classSILO stromal APGn vivo and to measure
the induced T cell responses, we engineeretha @evmbinant LV combining 3 key features previously
tested in other systems. First, the=enwelope coetiaMV glycoproteins displaying a scFv specific for
murine MHC class I+ cell gre€@gnition. Upon systenaidministration, this envelope reduces vector
biodistribution in thefiwer<and spleen compare¥/8\Vg, but enables gene transfer into spleen D(. [17
Second, the cassette expressed the GFP-HY transgeneeo-antigenic protein enabling the
identification of transduced potential APCs by flaytometry (FACS). The GFP-HY transgene fuses
the green fluorescent protein (GFP) with an HY mmaleine antigen sequence containing the Dby and
Uty T cell epitopes. This sequence permits the dliete of male-specific CD4+ and CD8+ T cell
responses in female mice [17]. Third, GFP-HY tramsgexpression was regulated by mirl42.3p target
sequences to prevent antigenic expression in @eliematopoietic origin and to prevent direct agnig
presentation of the transgene by classical DC [20¥itro, the mir142.3p target sequences did fietr a

the expression of GFP-HY in the HEK293T cell liatg not shown) but prevented it in cultured MHC
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class I+ spleen cells which contain almost exefelyi cells of hematopoietic origin (Figure 1). The
stroma-targeting vector, abbreviated as LV-MHCIRmiand its control LV-MHCII previously-
characterized [17], differ only by the presencebsence of mirl42.3p target sequences. Both vectors
were produced using identical methods and titeteslirailar levels using reverse transcriptase (RT)
concentrations, as described previously [17]. Mectwere compared side by side using the same
amount of RT.

The in vivo biodistribution of MHC class lI-targeted vectorsasvdetermined 3 days after
intravenous (IV) infusion of 50 ng RT of LV intorfeale C57BI/6 mice. To focus the analysis on MHC
class II+ non-hematopoietic (CD45-) stromal celldiich are very raregpetipheral lymphoid tissues
(spleen, LN and thymus) were enzyme-digested amgtbsence of,tfransgene was examined by FACS
gating on CDA45- cells (Figure 2a). Marking was caneg, “@0/'that of CD45+ MHCII+ cells of
hematopoietic origin. In the conditions used, tHPa1Y Sighal was undetectable in the thymus but was
observed in LN and spleen depending on thef@eBetsband presence of miR regulation (Figure 2b).
With the LV-MHCII-miR, GFP-HY was found in LN CD45MHCII+ cells, which were the only
detectable transgene-positive cellsywith this veatotissues examined. With the LV-MHCII control
vector, both CD45- cells ang=a‘fnbre abundant pdpualaf CD45+ cells were positive for the transgene
in LN and spleen (Figue¥2b). Such CD45+ MHC clis<ells included CD11c+ CD11b- DC but not
B cells as previously reported [17]. Various levelsMHC 1l were observed on the different cell tgpe
analyzed and did not correlate with transductiensteown in supplementary Figure S1.

Transgene-positive LN CD45- cells expressed theplagin gp38 antigen characteristic of LN
stomal cell populations (Figure 2c). They also esped the co-stimulatory marker CD86, low levels of
CTLA-4 and of B7-H4 (about 25% of the transduceguation) as seen when the LV-MHCII-miR was
used (Figure 3a and 3b). It is not clear if différevels of co-stimulatory molecules were presant

these cells when the control LV-MHCII was injectaeCause an immune response was initiated in this
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condition and fewer tranduced CD45- cells couldahalyzed, possibly due to such on-going immune

responses.

TheLV-MHCII-miR vector leadsto T cell hypo-responsiveness.

Consistent with its ability to transduce DC, theattol LV-MHCII vector induced robust HY
antigen-specific T cell responses as previouslpntep [17]. Such T cell responses were higher than
those induced by the same amount of LV-MHCII-miRg(ife 4 a-d). The LV-MHCII-miR vector
induced very low interferon gamma (IFN-CD4+ and CD8+ T cell responses at all time poiested
(3-7-14-21 days), with the exception of a small @D4cell response obsew/ed at day 7 (Figure 4a and
4c). The activation of HY-specific T cells at dayy the miR vectas Was confirmed by the detectibn
cytokine production including interleukin (IL) -210, -6, GM-€SE"and IFN-by both CD4+ and CD8+
T cells (Figure 4c and 4d). Levels of IRNnduced hyal[W-MHCII-miR tended to be lower tharosle
induced by LV-MHCII. However the other cytokinesr(finstance IL-6) were in produced in similar
ranges to the control vector indicating that@oase had been triggered.

To further characterize thefifarfiune reaction induggdhe LV-MHCII-miR, we boosted mice
by intramuscular (IM) injectioh.of HY peptides colaped with incomplete Freund adjuvant (IFA) and
evaluated the kinetic§ of,fransgene-specific CDdd @D8+ T cell responses using IFRNELISPOT. In
this system, naive mice responded slowly as thB#-€T cell primary response became detectable only
14 days post-challenge (compare the PBS/peptide€bfalitions in Figure 5a (5 days post-boost) and
5b (2 weeks post-boost)). In contrast, non-naiveemésponded more rapidly, mounting CD4+ T cell
responses within 5 days of the boost (Figure 5hjs Tapid response was observed in mice injected
previously with the LV-MHCII-miR even though thegmained slightly below that of control vector-
treated mice at all time points (Figure 5a and Jlhese results confirm that the miR-regulated wecto
had primed a CD4+ T cell immune response as shawsgure 4a (see day 7 for instance) and Figure

4c. As for antigen-specific IFN-CD8+ T cell responses after the boost, they wegeifstantly lower
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after LV-MHCII-miR administration compared to thentrol LV-MHC vector (Figure 5c¢). The boosted
response was comparable to that of naive micetegewith peptide and IFA suggesting poor initial
CD8+ T cell priming, in coherence with results frdfigure 4b. To verify the functionality of the
induced CD8+ T cells, we challenged their abildykill antigen-positive cells by infusing male cetb
the treated micand measuring their specific disappearance (Figdye Female mice that were either
naive or primed only by peptide + IFA did not mowfitector cytotoxic T cell responses. In contrast,
female mice treated with LV-MHCII vector and boastey peptide + IFA mounted effective cytotoxic
responses and a large proportion of the animals afgle to kill high levels of injected male cellghen
treated with the LV-MHCII-miR vector, in spite dig peptide boost, the gmicesfailed to mount effectiv
cytolytic responses to kill male target cells (Fegybd).

Taken together our findings show that the LV-MH@HR Vvector which transduced LN stromal
cells but not DC, triggered an initial CD4 immuresponse but little CD8 T cell priming and the

responses which failed to develop effectively,ti@@dntigen-specific CD8+ T cell anergy.

TheLV-MHCII-miR vector induceswnbalanced effector/regulatory T cellsin the periphery.

To assess if the T celishypo-responsiveness indogad/-MHCII-mIR vector was linked to the
induction of peripher@hteguiatory CD4+ T cells (pds), we injected vectors into FoxP3-eGFP Marilyn
mice. These transgenic mice CD4+ T cells displaZ®R specific only for the MHC class llI-restricted
male epitope DBY and express eGFP under contribleoFoxP3 promoter [25]. Such mice lack
thymic-derived regulatory T cells and have backgwlevels of pTregs. Female FoxP3-eGFP Marilyn
mice injected with PBS show very low levels of CDEexP3-eGFP+ or CD4+ CD25+ FoxP3-eGFP+
pTregs in spleens as seen in Figure 6a and 6b. Howse detected the induction of CD4+ GFP+
pTregs in their spleen, 28 days after injectioh\¢fMHCII-miR as well as with LV-MHCII vectors
(Figure 6). This conversion was significant whemparing the LV-MHCII-miR and PBS-injected

groups but not between the 2 vector groups. As efidictor and regulatory T cells are induced in the
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course of normal immune responses, the inductigpTaégs by the LV-MHCII is not unexpected.
However the balance of effector T cells to pTreggifferent in the two vector groups. The LV-MHCII-
miR vector primes a very low effector T cell respertombined with the induction of pTregs therefore

creating a net effect in favor of high antigen-specegulatory activity.

Discussion

Stromal cell immune regulation of CD4 T cell respes is incompletely understood [3] but our
results provide a new functional assessment ofdhestion. Here, a targeted gene delivery approach
which excludes DC has revealed the existence dadrg rare gp38+ MHG,Class 11+ LN stromal cell
population in steady-state adult mice which is spsble to express apnd present the transgene in SLO
contributing to peripheral CD8+ T cells anergy th& inductiofi_ 6f CD4+ regulatory T cells and low
effector CD4+ T cell responses.

Based on evidence of transgene delivéry*in MHCsclds lymph node stromal cells, we
postulate that the observed blunted SLOICD4+ Treslbonses unable to sustain the development of a
peripheral fully-effector CD8+ T cell,response whs result of direct antigenic presentation by gp38
stromal cells to CD8 + and=CB4+ " T cells followitrgnsduction. Such primed CD8+ T cells were
presumably anergizehaswa'result of insufficierstomulation of CD4 + T cell help combined with hig
prevalence of induced regulatory T cells. Howewes,cannot directly prove this point due to techhica
limitations. While the transgene was clearly detblg in CD45- gp38+ MHC class I+ cells, and low
vector copies were found in digested LN stroma @hatwn), we were unable to sort sufficient amounts
of MHC class I+ LN stromal cells to confirm transdion at the mRNA level or to test direct antigeni
presentation by stromal cells to CD4+ T cells (dattishown). We cannot exclude that other cell dype
in LN or elsewhere, even in limited amounts, cdnitéd to this effect by direct transduction or by
passing the antigen to stromal cells. Intense aallinteractions occur in LN and for instance steb

follicular dendritic cells are known to interacttwiDC to transfer their antigens for presentation t
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CD8+ T cells [26]. Murine lymphatic endothelial lsechave low endogenous basal expression of MHC
class Il and also acquire peptide-MHC class |l clexgs from DCs via both cell-cell contact and DC-
derived exosomes [10]. One advantage of the mi8pdtarget regulation system is that it efficiently
excludes transgene from DC (specifically the cas€®45+ MHC class 11+ CD11c+ DC (not shown)),
thus our system tends to support a direct roldrohsal cells for MHC class Il presentation. Whilél L
present an ideal environment to exert immune tob®a this process may also occur elsewhere
following systemic vector delivery. For instandee tiver is a tolerogenic organ involving the inton

of CD4+ regulatory T cells following gene transfeto hepatocytes [19, 21, 23, 27-30]. As no
mechanism has been proposed for the antigen-spauwifuction of regulategyns€D4+ T cells following
gene transfer into liver, the possible contributimintransgene presentation by MHCII+ LN stroma
following systemic gene delivery could perhaps besidered.

The notion of the existence of MHC class I+ Strowells in SLO is recent. The role of these
cells endogenously expressing, or alternativeljuaety MHC-II molecules from DC [10] has been
studied in vitro or in vivo through bone marfewrtsalant chimeras, or through LN or T cell transplan
experiments which are not physiolegiéal. In theseditions, MHC class I+ LN stromal cells reportgdl|
play a role to maintain FoxR8+&egulatory T celid.N [11]. Regulatory T cells are then able to io€lu
anergy and periphefal deletion of autoreactivesc#irough cell-cell interaction or by secreting
immunosuppressive cytokines. Lymphatic endothetiells that present MHC class Il-complexed
peptides acquired from DCs notably following IFNgization, also promote T cell apoptosis to induce
antigen-specific inhibition of CD4+ T cell survivahd proliferation [10]. In addition, SLO stromal
cells are known to induce tolerance through clateétion of antigen-reactive CD8+ T cells [5, 7, 8]
Thus, our data are coherent with these mechanisthsteow that blunted effector CD4 T cell responses,
induction of antigen-specific regulatory T cellsddack of effector CD8 T cell responses can ocour i

the steady-state, in the absence of DC-induced memesponses.
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At the practical level, our vector has proved ukéd detect stromal cell populationsvivo in
steady-state adult mice and conditions can beiobrtaptimized. Other models to explore SLO stroma
such as transgenic Cre-podoplaninxR26-YFP mice ¢ahhot be used in the same functional manner.
Several SLO stromal cell populations capable ot@méng peripheral tissue restricted antigen have
been described, such as fibroblastic reticulascélimphatic endothelial cells, blood endotheliells
and double-negative stromal cells among which ataehymic Aire-expressing cells [2]. The current
experimental conditions lead to gene transfer in@D45- MHCII+ gp38+ stromal cells, phenotype of
both lymphatic endothelial cells and fibroblasgticular cells, but the exact nature of such ce#is not
determined. We failed to transduce thymic stronedlscand speculate thatythis could be due to linite
vector amounts. Improvement in vector dose or rofi@elivery willbe,needed to explore the range of
MHC classll+ stromal cells that can be targetedanous organS{spleen, thymus or organs like Jiver

Possibly, clinically-relevant applications in trafétation or auto-immunity could be conceived
by targeting a specific antigen to tolerogeni€“®iab cells to induce peripheral immune tolerance.
Further studies are needed to optimize gene dglivethese protocols. In the context of gene therap
and immunotherapy, our results illestrate the caxipy of immune responses capable of being induced
by various types of APCs expréssing a neoantigehese were transduced by the vector. In systemic
gene transfer protoc@ls, particularly those seekubgrance, a specific attention should be paith&

possible contribution” of MHC classll + LN stromaklls in the observed immune outcome.
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Material and methods

Construction and plasmids

The GFP-HY gene cassette containing the coding eseqs of the Dby peptide
(NAGFNSNRANSSRSS) presented by f@nd Uty peptide (WMHHNMDLI) presented by H2has
been described in [17]. miR142.3p target sequenwvese obtained from pAAV CMV
haSarco HYmiR142.3pT plasmid [24] and inserted ha transgene cassette after WPRE in Xbal
restriction site. The targeting measles glycoprsteinvelope plasmids ABO and pHmMuk18-MHC-II
were already described [15, 16, 32]. All plasmigere produced and pmsified using the Nucleobond

PC2000EF kit from Macherey-Nagel (Duren, Germany).

Lentiviral vector production and titration

Batches of LV-MHCII and LV-MHCII-miR wergroducddllowing transfection of 293 T cells with 5
plasmids using the 2 envelope plasmids ‘@lreadyritbesicfor the measles pseudotype [16]: pCA3E
and pCG-Hmut18-ScFV-MHCII (16yig of each plasmid per 15cm dighplasmids for the accessory
functions: pKrev (5.6pg peft5em dish); pKLgagpbd.6pg per 15cm dish) and the transfer plasmid
(16pg per 15cm @ish»which was pRRLsincPPT-PGK-GFRPWPRE (for LV-MHCII) or
PRRLsincPPT-PGK-GFP-HY-WPRE-miR142.3p (for LV-MH@HIR). The next day medium was
changed and after 24 hours, the supernatant flordaming viral particles is collected, filtereddan
purified by centrifugation, as indicated in figuresd stored frozen at -80°C. Vector batches were

titered for P24 and RT content by ELISA.
Mice
C57BIl/6 (CD45.2) and congenic CD45.1 (PtprcaPep8IB[CD45.1]) mice were purchased from

Charles River Laboratories (L’Arbresle, France)xF8-eGFP Marilyn mice were bred in our facilities,
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are RagZ, transgenic for TCRValpha 1.1/Vbeta6 receptor joeof the H-Y male antigene presented
by I-a b and an ires-EGFP cassette is insertdaei3tJT region of FoxP3gene, exonll [25]. Miceaver
housed in our facilities under specific pathogesefconditions and handled in accordance with French
and European directives. Protocols were conductadrding to national and international ethical
standards and were approved by the local ethicsmitbe® (committee C2EA - 64). Genetically-
modified organisms were handled under appropriatiedical containment as per agreement 5244-CAl

from the French Ministery of Research and Higheaudadion.

Cdls

Spleen cells for ELISPOT analysis were obtainednigchanic disruption” of the organ followed by
removal of red blood cells with ammonium chloridegssium¢ACK) lysing buffer.

Cells from the thymus, spleen and lymph node wét@iped following enzymatic digestion for flow
cytometry analysis and cell sorting. Diced orgaiesanfirst agitated in RPMI medium for 10 minutes at
4°C, then medium was replaced with (a jdigesting tewlucontaining Collagenase IV (1mg/mL,
Invitrogen) and Dnase | (50pg/misReche) and intedbdor 15 minutes at 37°C, 900 rpm. Cells in
suspension were collected @anththe enzymatic renetaes stopped by adding 100mM EDTA on this
fraction of cells. On the rémaining tissue sampikesh enzymes were added and the digestion progedur
was repeated 3 times. Cell suspensions obtainead &ach digestion step were washed in phosphate
buffered saline (PBS). Residual red blood cellsent in spleen or thymus were removed with ACK
lysing buffer when needed before analysis. Eadleated fraction (digested or just agitated) was

analyzed individually for GFP expression analysiglow cytometry.
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I'n vitro splenocyte transduction
Freshly isolated C57BI/6 mice splenocytes (Bddlls per well) pre-stimulated with IL-2, IL-4, £ and
with 50 ng RT of LV-MHCII or LV-MHCII-miR vectors2 days after transduction, GFP-HY and MHC

class Il expression are assessed by multi-coler éigtometry.

I mmunization with LV

To measure the immunization induced by LV, 6 wekkimice received 50ng RT of LV or an
equivalent volume of PBS intravenously and the mieee either sacrificed at the indicated time int
to measure cytokine responses using ELISPOT okinygdoead arrays, optheéy were challengedvo

by an intramuscular (IM) injection of a mixture Dby-Uty peptideSy(100uM each) (synthesized by
Genepep, Montpellier, Franc@r PBS in control mice) wit TEA (Sigma Aldrich, i8&Louis, MO)

followed or not byin vivo cytotoxic assay (see below)tGynteasure the edfielct immunization.

IFN-y ELISPOT
IFN-y responses were measuredgay ELISPOT as previoesigrided [33]. Results of spot forming
units (SFU) for each mousegwete calculated as\vbmge value of duplicate measures after subtractio

of background valuegsbtained withvitro unstimulated splenocytes.

Cytometric Bead Array

Splenocytes were cultured in duplicate wells ofnbiottom plates (1xfccells/well) in presence of
Dby peptide (2uM) or Uty peptide (2uM) during 48un& Splenocyte secretion of I1L-2, IL-4, IL-6, IL-
10, IL-12p70, IL-17A, TNIle, IFN-y and GM-CSF was quantified by flow cytometry (LSRIking the
corresponding flex set of cytometric bead array(BD-Biosciences, Le Pont de Claix, France) usirgy t

manufacturer protocol and its FCAP software.
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I n-vivo cytotoxic assay

Splenocytes from congenic C57BI/6 CD45.1 male asmiale mice were respectively labeled with
0.2uM or 2uM of carboxyfluorescein succinimidyl exstlye (CFSE) in RPMI during 8 minutes in
obscurity at room temperature followed by a 2-mésuncubation at 37°C. The reaction was stopped by
adding cold RPMI 10% foetal bovine serum (FBS) plating the cells at 4°C during 5 minutes. Cells
were then washed in RPMI 10% FBS and incubated i2Otes at 37°C to stabilize the marking. Before
injection into recipient mice, CFSE-labeled spleries were washed 2 times, counted and resuspended
at the desired concentration (5RXDFSE®" male cells + 5x10CFSE™" female cells per 100pL). Cells
were injected intravenously into congenic C57BIBA45.2 recipient micg=aneh 42 hours following the
injection, splenocytes from injected mice were olgd and analyzed\by flow cytometry to assess the
specific male target cell lysis level based on twenparisofi Jof remaining levels of adoptively-
transferred CD45.1 CF$E male cells with CD45.1 CESE" female cells.  The percentage (%) of
male target cells lysis was calculated accordintijiégfellowing formula :

% of lysis = ((CD45.1 male cells mean % MCDA45.mmdée cells mean %gs CD45.1 male cells % /

CDA45.1 female cells %))) / CD45.l=qale cells mean % / CD45.1 female cabsin %))s9)*100

Flow cytometry

All reagents used for flow cytometry were purchagedh BD-Biosciences. Cell suspensions were first
incubated with anti-Rd&III/Il (2.4G2) monoclonal antibodies (mAb) for T&inutes at 4°C and then
stained for 30 minutes at 4°C in PBS with 0.1% hewserum albumin (BSA) using saturating amounts
of the following mAbs : biotinylated anti-CD11c, atinylated anti-CD45.1, phycoerythrin (PE)-
conjuguated anti-CD11b, allophycocyanin-conjuguataati-MHC-1I, PE-conjugated anti-gp38
(eBioscience, San Diego, USA) and PE-cyanin 7 gugted streptavidin (BD-Biosciences). Cells were

analyzed on a LSRII cytometer using the Diva soféen@D-Biosciences) or FlowJo software (FlowJo,
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Ashland, Oregon).The gating strategies are shown in figures andralyses exclude dead cells based

on 7-actinomycin D (Sigma Aldrich) staining.

Statistical analysis
Significant differences between mean values weterggned using unpaired two-tailed Student’s test
or Mann-Whitney depending on normality using GragdhAPrism software. P value under 0.05 was

considered statistically significant.
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Figurelegends

Figure 1: LV-MHCII-miR transduces MHC class |1+ cells and prevents transgene expression in
CD45+ cellsin vitro

Expression of the GFP transgene was measured bySHAlDwing in vitro transduction of freshly
isolated erythrocyte-lyzed spleen cells with the-M¥ACII and LV-MHCII-miR vectors and results are
representative of 3 separate experiments (in eggérienent, splenocytes from 1 mouse were tested at

least in duplicate for each condition).

Figure2: LV-MHCII-miR transduces gp38+ CD45- stromal cells i, Vivo

C57BI/6 female mice were injected IV with 50 ng RTLV4MHLCII or of LV-MHCII-mIR, or with
equivalent volume of PBS and 3 days later, spléeymus and LN were digested and analyzed by
FACS to measure GFP-HY transgene expression¥Fahred) and other markers (pool of 3 mice per
group per experiment)

(a) Gating strategy to focus on live=€D45- cells oeli@D45+ cells for the analysis presented in Figure
2b. (b) Differential expressign @fthe transgene in cellglabpopulations of lymphoid organs following
transduction with L\&aMHE&I and LV-MHCII-miR vectorsResults representative of 6 independent
experiments. (c) Transgene is expressed by CD45- gp38+ LN stromb$ dellowing in vivo
transduction with LV-MHCIl or with LV-MHCII-miR. Rsults representative of 4 independent

experiments

Figure 3: Transduced LN stromal cells are differentially activated following administration of LV-
MHCII or LV-MHCII-miR vectors.
C57BI/6 female mice were injected IV with 50 ng RT LV-MHCII or LV-MHCII-miR, or PBS as

control. 3 days later, LN were harvested and amalypy FACS (pool of 3 mice per group per
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experiment) &) Representative expression of CD86, CTLA-4, B7-H#vation markers by transgene
expressing cells in LN. Results representative ofBZ-H4) and 3 (CD86, CTLA-4) independent
experiments.(b) Averaged percentage of live CD45- GFP-HY+ cellsregping the indicated markers

and SD, from the experiments inTde parent cell population is CD45- live cells.

Figure 4: LV-MHCII-miR vectors induce lower CD4+ and CD8+ T cell responses than LV-
MHCII vectors

C57BI/6 female mice were IV injected in the tailrvevith PBS, LV-MHCII or LV-MHCII-miR vectors.
Immune responses were measured by JFELISPOT following a 24shotws-Dby or Utgx vivo
stimulation of splenocytes@ndb) or cytometric bead arrag andd)s

(a) and (b) Kinetics of response to 50 ng RT of vector. Immufie response to LV-MHCII (a) or LV-
MHCII-miR (b) was measured by IFNELISPOT 3, 7714 and 21 days after injection apltbWing
Dby or Uty peptide stimulation as indicated (nzRpa&@te experiments, 5 to 10 mice per groyp).and
(d) Cytokine secreted following immunization . C57BI/6 female mice were injected IV with PBS,
50ng RT of LV-VSVg-GFP-HY opkVeMHCII vectors. 7 ga later, spleen cells of these mice were
harvested and assayed for J=-25dL-4, IL-6, IL-10,17A, IFN-y, TNFo and GM-CSF secretion after a

48 hours stimulatiomfaiveswith Dby () or Uty d) using the cytometric bead array (n=5 mice per

group).

Figure5: Immunization with LV-MHCII-miR does not lead to memory T cell responses

C57BI/6 female mice were injected IV with PBS, LVH@II or LV-MHCII-miR. 35 days later, mice
were challenged by an IM injection of a mixture@by and Uty peptides complexed with IFA or as
control with PBS complexed with IFA. IFNsecretion of splenocytes was assayel).5 (days after the
challenge following a 24 hours Dby restimulation) {4 days after the challenge following a 24 hours

Dby restimulation ord) Uty restimulation. Each symbol represents NEpot-forming unit (duplicate
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measures) of each mouse from 2 to 3 independertiexgnts (n=8 to 18 mice per group) C57BI/6
female mice were injected IV with PBS, LV-MHCIl avV-MHCII-miR. 35 days later, mice were
challenged by an IM injection of a mixture of DbydaUty peptides complexed with IFA or as control
with PBS complexed with IFA. 13 days later, a mbcongenic C57Bl/6 CD45.1 male CF&Elabeled
cells and female CFSE" labeled cells were injected in mice (lls per mice). 42 hours later, spleen
cells were harvested and the CESE57BI/6 CD45.1 male cells lysis was assesseddyy flytometry

and normalized with the CF&® C57BI/6 CD45.1 female cells (n=2, 10 mice per gjou

Figure 6 : Genetransfer vectorsinduce the conversion of HY -specific CDR4+® cellsinto regulatory

T céls in the periphery. FoxP3-eGFP Marilyn mice were injectedylV'with PBS,-MHCII or LV-
MHCII-miR. 28 days later, spleen were harvested analyzedior presence of (a) converted FoxP3-
eGFP+ regulatory T cells and (b) CD25+ FoxP3-eGEEHs within CD4+ T cells (n=8-9 mice per

group, 3 independent experiments).
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Figure3 a PBS LV-MHCII LV-MHCII-miR
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Figure 4
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Figure 5
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Figure 6
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