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Abstract

Synthetic long peptide (SLP) vaccination is a pging new treatment strategy for patients with aolwr hepatitis B virus
(HBV) infection. We have previously shown that atptype HBV-core protein derived SLP was capablbaafsting CD4+ and
CD8+ T cell responses in the presence of a TLR&nalkilgin chronic HBV patientsx vivo For optimal efficacy of a therapeutic
vaccinein vivo, adjuvants can be conjugated to the SLP to ergriieery of both the antigen and the co-stimulatsignal to
the same antigen-presenting cell (APC). DendriitsdDCs) express the receptor for the adjuvadtae optimally equipped
to efficiently process and present the SLP-conthey@topes to T cells. Here, we investigated TLR2dd conjugation of the
prototype HBV-core SLP. Results indicated that THR2nd conjugation reduced cross-presentatiowrieficy of the SLP-
contained epitope by both monocyte-derived andratiytoccurring DC subsets. Importantly, cross-preation was improved
after optimization of the conjugate by either shoimg the SLP or by placing a valine-citrullinelkén between the TLR2-ligand
and the long SLP, to facilitate endosomal dissamiadf SLP and TLR2-ligand after uptake. HBV-colePSconjugates also
triggered functional patient T cell respons@svivo These results provide an import step forwardhéndesign of a therapeutic

SLP-based vaccine to cure chronic HBV.



1. Introduction

Synthetic long peptide (SERbased vaccines show favourable results for gmtrment of human papilloma virus (HPV)
induced cancers by triggering HPV-specific T celiponses (Dijkgraaf et al., 2015; Kenter et 802 Leffers et al., 2012,
van Poelgeest et al., 2016; Vermeij et al., 2012|te¥s et al., 2016). These results render an Siceine platform of high
interest to treat patients suffering from chrorgpatitis B virus (HBV) infection, that is charadked by an ineffective virus-
directed T cell response (reviewed in (Bertoleattll &errari, 2016)). Worldwide about 250 million pemare affected by
chronic HBV infection (CHB). CHB patients are prawedevelop cirrhosis and liver cancer, leadingpproximately 1 million
deaths each year (Schweitzer et al., 2015). Cuyreru effective treatment for CHB exists and Sldséd vaccination
represents a promising treatment strategy. We renantly demonstrated the potency of a prototyp®'#Bsed SLP to boost

patient HBV-directed T cell responses vivo(Dou et al., 2018).

SLPs are linear amino acid (AA) sequences thahanere effective source of peptides for HLA antigeesentation than
whole protein, and sufficiently large to cover nplit CD4- and CD8-epitopes for several HLA-typese(idf and van der Burg,
2008; Rosalia et al., 2013; Zhang et al., 2009prJygaccination, SLP-contained epitopes are mogtieftly presented by
dendritic cells (DCs) (Bijker et al., 2008). OnlYCB are equipped with an efficient intracellular iaery to liberate SLP-
contained epitopes for loading onto both HLA | dhib trigger CD8+ cytotoxic T cells and CD4+ hetplecells respectively
(reviewed by (Joffre et al., 2012; Rock et al., @)1The unique capacity of DCs to load exogenaiigens on HLA |, termed
cross-presentation, is essential to mount cytotGXd8+ T cells responses against virus infected ¢gin Montfoort et al.,
2014). CD4+ T help cell further empowers CD8+ T fighction and aids their migration into infectéssue and the
development of lasting responses (reviewed by (Bairal., 2018)). Furthermore, to ensure inductibrmmunogenic rather
than tolerogenic T cells, DCs need to express icadtdtory receptors and secrete immune activatytigkines during antigen
presentation (Steinman, 2007). For this, DCs requioper activation by adjuvants such as Toll lRexeptor (TLR)-ligands
(Melief et al., 2015). Previous studies demonstrétat the TLR2-ligand Amplivant can potently aetiw DCs and facilitate the
induction of CD4+ and CD8+ T cell responses by SinRstro andin vivo(Dou et al., 2018; Khan et al., 2009; Gijs G Zom et

al., 2014; Zom et al., 2016).

Recently, we designed a 37AA prototype SLP basetth@®iBV core protein and demonstrated this SLRdcbaost T cell
responses against an SLP-contained epikepgvo(Dou et al., 2018). In that study, soluble TLR-hga were added as

adjuvants to the SLPs in the same culture dishthBymethod SLP and adjuvant have no problem tchréae same DC,



ensuring that antigen presentation occurs onlyiimamunogenic contextn vivo,however, this is more challenging as each
compound will rapidly diffuse after injection (GZam et al., 2014). A solution for this is conjugetiof SLP and adjuvant.
This strategy can also improve vaccine safety bdyeang the required dose of adjuvant (Khan e8l07; Gijs G Zom et al.,
2014). In mice, TLR2-ligand-SLP conjugates haveesign CD8+ and CD4+ T-cell priming capacity andidamor activity
compared to free SLPs injected together with freB2-ligand (Gijs G Zom et al., 2014). Importanfly,R2-ligand-SLP

conjugates are currently being tested in a phaBeital trial to treat HPV16+ cancer patients (NIZB21494).

As a next step towards the development of an Sldedaaccine for CHB, we set out to design a TLRaAd-HBV SLP
conjugate. Our results show that, in contrast &vipus studies, conjugation was associated withplesed cross-presentation
vitro. To overcome this, we generated TLR2-ligand-SLRjwgates of different sizes or with an endosomatgase-sensitive
linker sequence. Our data indicate that conjugateand TLR2-ligand-SLP linking strategy influertbe efficiency of T cell
activation byin vitro generated human monocyte-derived DCs (moDC) dsawelaturally occurring myeloid DC (mDC)
subsets (BDCA1+ (mDC2) and BDCA3+ (mDC1)) thatiamportant for SLP processing vivo (van Montfoort et al., 2014).
Finally, we demonstrate that TLR2-ligand-SLP comjieég can boost patient HBV-specific T cell respeesevivo.These data

aid the design of a therapeutic SLP-based vacoigare CHB and are valuable for SLP-based vacaiveldpment in general.

2. Materialsand M ethods

2.1 Peptides and adjuvants

Three different HBV core SLPs were designed based®V sequence genotype A (UniProtKB - POC625) SLP3
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALP26: TVELLSFLPSDFFPSVRDLLDTASAELP16
TVELLSFLPSDFFPS¥nNd conjugated with TLR2-ligand Amplivant® (AV) tibtain AV-SLP37, AV-SLP26 and AV-SLP16
respectively. The reported immunodominant HLA-A*OR-restricted CD8+ T cell epitope HBcKgG’ (FLPSDFFPSYwas
part of each SLP and also used as short peptideot¢8P10) (Bertoletti et al., 1993). SP10 waschased from Peptide 2.0.
All SLPs, conjugates and Amplivant were obtainedrfiSA Pharmaceuticals BV, Leiden, the Netherlagd$s were
generated using solid phase Fmoc/tBu chemistrynofidvanced ChemTech TETRAS peptide synthesizepanified on a
Gilson preparative HPLC system to at least 95%tyufhe identity and purity of the peptides wasfoomed with UPLC-MS
on a Waters ACQUITY UPLC/TQD system. Mass specttoyrdemonstrated that no small fragments represgiitie minimal

CD8+ T cell epitope HBcA?’ were detectable in our SLP samples. SLPs wereldessin DMSO and stored at -20°C.



Dynamic light scattering spectroscopy (DLS, Zetasidano S, Malvern Instruments) was used to assusggregates formed

after dilution in medium (data not shown).

2.2 Flow cytometry

Staining with fluorescent primary antibodies (s@ppéntary information) was performed in PBS, 1% B$¥%, normal human
serum and 0.02% sodium azide. HLA-A*02:01/HB¢AY (Biolegend) staining was performed according tmufiacturer’s
instructions. Fluorescence was measured using é&Fad@hto |l (BD Biosciences) and analyzed using Bto{version 7.2.2,

Tree Star, Inc.).

2.3 Céll culture, isolation and cross-presentation assays

HBcAgG'®?-TCR engineered T cells were generated and cul@sdzefore (Dou et al., 2018). For DCs, healthyoddmffy
coats were collected from the local blood bank.dslhors gave written informed consent. PBMC wenéaied by using Ficoll-
Paque (GE Healthcare) density gradient centrifogationocytes were isolated using anti-CD14 miceatse(Miltenyi Biotec)
and cultured for 6-7 days in DC medium (RPMI 1640t@max (Lonza), supplemented with 8% heat-inattiddetal calf
serum (FCS, Sigma-Aldrich), penicillin/streptomy¢invitrogen) with 10 ng/ml GM-CSF (Leukine) andritdml IL-4
(eBioscience) to obtain moDC. mDC2 and mDC1 wergeeddrom PBMC using Dynabeads (Life Technologiessed on
BDCAL and BDCAS3 expression respectively, using &B5Aria (BD Biosciences). For cross-presentatiomyssmoDC and
primary DC subsets were incubated with Amplivard/an SLPs at concentrations indicated for 20 houtess otherwise
stated, washed and cultured with HB¢AY-TCR transduced T cells overnight as before (Daal.e2018). Synthetic inhibitors
epoxomicin (1uM; Cayman, US) or NEIL (5mM; Merck) were present 1 hour before andmyithe peptide pulse in the

corresponding samples. IFNsecretion by T cells was measured by ELISA (eBawez).

2.4 Patient-derived HBV-specific T cell proliferation and function

Blood was collected from 9 HLA-A2-positive CHB paxtits with low serum viral load (HBV DNA 1000 1U/ml), serum ALT
levels below the upper limit of normal (56 U/ lij@nd low to moderate fibrosis (fibroscan FO-F2)r this, written informed
consent from each patient and approval by the Medthics Committee of Erasmus MC was obtained. 88%e patients
received nucleos(t)ide analogues. Plasma HBV DNBsAt and HBeAg were determined as before (Dou.e2@ll8). All
patients were negative for antibodies against litep&t, hepatitis D and human immunodeficiency sir8ee Table 1 for HBV
patient characteristics. MoDCs were generated ageabnd loaded with 10uM AV-SLP37 or AV-VC-SLP 0 hours.

Subsequently, either autologous B cell depletedsP@k before; (Dou et al., 2018)) or isolated Tsddgly pan T cell isolation



kit; Miltenyi Biotech), as indicated for individuglatients, were added to moDCs in a ratio of 10glls were incubated at 37°C
for 12 days as before (Dou et al., 2018). On dayHe frequency of HBV-specific CD8+ T cells wadatenined by HLA-
A*02:01/HBcAg'®? tetramer (Biolegend) staining on viable (LIVE/DERBixable Aqua Dead Cell Stain Kit, Life
technologies) CD8+ T cells. To assess cytokineyetidn, day 12 T cells were re-stimulated with HBEH -peptide (5ug/ml)
or SLP-loaded (10uM) autologous moDC as indicatedfhours. Brefeldin A (10pg/ml, Sigma-Aldrich) svadded during the
last 5 hours. Subsequently, cells were fixed withfdrmaldehyde, permeabilized in 0.5% saponin aaited for CD4, CD8,

IFN-y and TNFe and analyzed by flow cytometry.

2.5 Statistical analysis
Non-parametric Wilcoxon matched pairs tests antepaitests (one-tailed) were performed using thepGPad Prism 5

software (Graph-Pad Prism Software, Inc.) as apjatgp P-values <0.05 were considered statisticijgificant.

3. Results

3.1 Conjugation of TLR2-ligand to the HBV-SL P reduces cross-pr esentation efficiency.

We conjugated our prototype 37AA HBVcoTé SLP (SLP37) directly to the TLR2-ligand AmplivarAV-SLP37) and
evaluated its cross-presentation efficiency congpardree mixed compounds (AV+SLP37; Figure 1A).this end we
assessed the capacity of moDCs and mDC2 to actvafieeered HBcA*-epitope specific T cells (Dou et al., 2018).
Although the conjugate was still able to activaBcg™®?~specific T cells, conjugation reduced CD8+ T eellivation (i.e.
IFNy production) compared to admixed compounds by B@tsubtypes (Figure 1B & 1C). Previously, we fouhat SLP37 is
processed rather slowly (i.e. over the course géand relies on the proteasome to efficientlgase the HBcAG?-epitope
(Dou et al., 2018). Similarly, in the presence &f Aresentation of the HBcA%*-epitope from SLP37 was slow and did not
level off after 20 hours of antigen loading as nueed by T cell activation. In contrast, from the ALP37 conjugate, epitope
presentation was already close to maximal aftesiBand did not increase much further with timgyFe 1D). Epitope
presentation from the mixture was, similar to Sliéhae, partially blocked by the proteasome inhib#poxomicin (Figure 1E;
(Dou et al., 2018)). Surprisingly, epoxomicin hamaffect on cross-presentation of the HBEATG-epitope from conjugated

AV-SLP37. Importantly, inhibition of lysosomal adidation by NH,CL strongly augmented epitope presentation from AV-

SLP37 while this not at all affected cross-prediomeof AV+ SLP37 (Figure 1E). Presentation of SRH#& does not require



internally processing by moDCs, was unchanged thyeetime (Figure 1D) or inhibitors (Figure 1E).&de data suggest that by

conjugating SLP37 to AV, the SLP is re-routed tadgarapid lysosomal degradation, impairing crossgmeation.

3.2 Shortening of SLPswithin conjugates enhances cr oss-presentation.

The inefficient cross-presentation from AV-SLP37d in line with previous reports for other SLPR2-ligand conjugates
(Khan et al., 2007; Gijs G Zom et al., 2014; Zonalet2016). These, however, were mostly 24AA anig o1 one case 32AA
long (Khan et al., 2007; Gijs G Zom et al., 201dn¥et al., 2016). For the latter, cross-presentatiche mixture and
conjugate was not directly compared (Zom et alL,&20We hypothesized that TLR2-ligand conjugationld render SLP37
too long/bulky. If so, shortening of the SLP magaeer cross-presentation efficiency. To test tis,generated two shorter
conjugates of 26AA (AV-SLP26) and 16AA (AV-SLP16gre 2A). Cross-presentation of the HB¢AG-epitope from the
AV-SLP16 conjugate by both moDCs and mDC2 was Sigritly enhanced compared to AV-SLP37, demonstgattat
shortening the SLP in the conjugate indeed wagtffe (Figure 2B). For moDCs, but not mDC2, AV-Sl&Pdven
outperformed the mixture. Of note, performance Wf3LP16 was not affected by the position of theagm within the SLP
(Supplemental Figure 1). In moDC, but not mDC20 a#&/-SLP26 performed better than AV-SLP37 and samib the

mixture.

In vivo, especially mDC1 are considered important for sqmesentation (Borst et al., 2018; Crozat e8ll,1; Jongbloed et
al., 2010; Poulin et al., 2010; van der Aa et2014). This subset, however, can only be isolaiddvw numbers from blood.
We obtained sufficient cells to compare cross-pregmn of the differentially sized conjugates kadked cells for additional

controls or references. Indeed, also when using inBBorter SLP length seemed to favor cross-pragent(Figure 2B).

Linking the TLR2-ligand to the SLP can be envisateghysically impair TLR2 binding and thereby himdC maturation and
subsequent T cell activation. Upregulation of costatory markers CD80, CD86 and CD83 on DC howeuaes similar for

AV alone and all conjugates, indicating conjugad&tiwas not hindered to bind TLR2 by conjugationg(iie 2C).
Concordantly, addition of excess AV to mDC2 durardigen loading did not increase T cell activatignAV-SLP37 (or any

of the shorter conjugates; (Figure 2D).

Taken together, we demonstrate that conjugatidtB)}-SLP37 to AV reduces cross-presentation of thB-Sontained epitope

by DCs and that this can be improved by reducing #ingth.



3.3 Inserting a protease-sensitive linker between Amplivant and SL P improves cr oss-presentation.

Although shortening of the SLP in the conjugates reover antigen cross-presentation, longer Sk pr@ferred since these
can include more epitopes. For this reason, wewedtto improve cross-presentation without redutémgth. We designed a
conjugate in which a Valine-Citrulline (VC) linkaras placed between the TLR2-ligand and the SLRU(EI§A; AV-VC-
SLP37). This linker provides a cleavage site fatamomal proteases to facilitate dissociation of 8h& AV after uptake
(Gene M. Dubowchik et al., 2002). A consistent siguecross-presentation of AV-VC-SLP37 was observeer the original
AV-SLP37 conjugate in all donors and DC-subtypasete (Figure 3B). Despite this consistent pattiis,was only
statistically significant for moDC, likely due tdarge variation in T cell IFMproduction between donors. The superiority of
AV-VC-SLP37 using mDC2 was independent of SLP/AVicentration (Figure 3C). Similar mDC2 maturatiorsveahieved
by AV-SLP37, AV-VC-SLP37 and AV alone, indicatingat enhanced TLR2 activation did not explain thiégdbgerformance
of AV-VC-SLP37 (Figure 3D). Thus placing a VC-linkeetween the TLR2-ligand and the SLP improvessresentation

without reducing SLP length.

3.4 Induction of HBV-specific T cell responsein CHB patients by Amplivant-SL P conjugates.

So far all experiments used TCR engineered T eslls read-out for cross-presentation. To furttzersiate our work towards
treating CHB patients, we evaluated the capacit#%\6{SLP conjugates to activate patient T celisvivo Using patient T cells,
SLPs may now also trigger responses against ottferc8ntained CD8+ T cell epitopes and importankypagainst CD4+ T
cell epitopes. To match future treatment candidaéss, we selected patients with low serum HBV DA low liver damage
(ALT<37) as these are expected to suffer least HBW induced immune suppression/T cell dysfunc{idable 1 (Bertoletti
and Ferrari, 2011; Maini et al., 2000; Shi et2012; Webster et al., 2004; Woltman et al., 201@)addition, treatment of low
viremic patients is likely safest considering lilrmage that may result from vaccine induced HB&tHjE immune responses.
The limited material available did not allow ugtést the full set of mixtures and conjugates. Watrieted our experiments to
AV-SLP37 and AV-VC-SLP37 as these have most paéirtithe clinic to treat a large population ofipats. We co-cultured

T cells from HLA-A2 positive chronic HBV patienterf 12 days with autologous, conjugate-loaded maBdEh conjugates
induced significantly more HBcAG?~-specific CD8+ T cells compared to AV alone. 5 ofiL.3 patients were clear responders
to the vaccine (defined as >2-fold increase in HEA -specific CD8+ T cell numbers) (Figure 4B). Praiifton of HBcAG®
"_specific CD8+ T cells by AV-VC-SLP37 overall wastrsignificantly better than by AV-SLP37 (Figure ¥Bor the five
responders, AV-SLP37 and AV-VC-SLP37 -induced HBtA§specific CD8+ T cells produced cytokines aftestieaulation
with HBcAg*®? short peptide (SP10), indicating that in both sake induced T cells were functional (Figure 41)P37 also

contains CD4+ T cell epitopes (Dou et al., 201&c&use donors were matched for HLA-A2 but not HLR/DQ/DR, specific



CD4+ T cell responses could only be assessed bkiog production assay and only for part of thequaitsamples because of
the limited number of cells available. However, npe-stimulation with SLP, cytokine production wietected in 12-day SLP-
conjugate expanded CD4+ T cells. Despite high backgd this was higher upon stimulation with AV-VEC#37 compared to
AV-SLP37 (Supplemental figure 2). Overall, thespariments demonstrate that Amplivant-SLP conjugatesable to induce

functional T cells from patient bloaek vivobut a clear advantage for one of the two conjugatesthus far not observed..

4. Discussion

We have previously shown that a prototype HBV-quaein derived SLP was capable of boosting CD43-@D8+ T cell
responses in the presence of TLR2-ligand Amplisa@HB patientsex vivo Other studies indicated that conjugation of the
TLR2-ligand to SLPs may lead to superior resuitgivo by assuring delivery of both antigen and costinauiasignal to the
same cell (Khan et al., 2009, 2007). In the preskmty, we are the first to design TLR2-ligand-HBMe SLP conjugates and
assess their effectivenessvitro andex vivoon patient material. We showed that conjugatiothefprototype SLP to TLR2-
ligand reduced cross-presentation by DC of an SirRained HBc epitope, which could be (partiallyemome by shortening
SLP-conjugates or inclusion of a valine-citrulliivker. Furthermore, TLR2-ligand-SLP conjugateshwand without the VC-
linker were able to trigger CHB patients’ T celspense&x viva With this study, we provide important and elabemata on
the effect of SLP conjugation using an HBV-deriegitope and importantly we do this in a human isgttising moDCs as

well as primary myeloid DCs.

Studies assessing the efficacy of SLP-TLR2-ligamjwgation in T cell activation thus far demonstthimore effective T cell
activation by conjugates compared to mixturegitro andin vivo (Khan et al., 2009, 2007; Gijs G Zom et al., 20T4e effect
of conjugation has been most elaborately testatyuSLPs based on the well-known murine ovalbumMADPCDS8+ T cell
epitope SIINFEKLin vitro andin vivo (Khan et al., 2009, 2007; Gijs G Zom et al., 2014 )addition, 2 HPV16-based SLP-
TLR2 conjugates have been assessed on their abilitgtivate a CD8+ and a CD4+ T cell clone obtaifiem HPV16+
cervical cancer patients (Zom et al., 2016). Is thter human epitope-based study, however, cotgagad mixtures were not
directly compared. Interestingly, recent work shakesin vivo superiority of Amplivant (used in this study) cogates

compared to TLR2-ligand conjugates in a mouse HRNHor therapeutic vaccination model (Zom et al1&0



TLR2-ligand conjugation reduced (but not abortadss-presentation efficiency of the HBCA§-epitope which was not due
to impairment of TLR2-mediated DC activation bikely involved re-routing of the SLP for rapid lysmsal destruction. Based
on our data we believe that a cause for the disor®pbetween the OVA-based-SLP conjugates and B\é¢bnjugate here
tested may lie in the length of the HBVcore SLR thas 37AA long, while reported OVA-based SLP cgajtes had been 18-
25AA (Khan et al., 2007; Gijs G Zom et al., 2014nZ et al., 2016). Concordantly, we observed ttm sduction of the SLP
conjugate to 16AA greatly augmented cross-presentafficiency by both moDC and primary mDCs. Fonrconjugated
SLPs, increasing SLP length to 32AA did not redermess-presentation efficiency but addition of théR2-ligand may be a
game-changer (Rosalia et al., 2013). TLR2-ligangwgation will not only increase compound size Wwilt also change its
electrostatic properties which may affect crossentation by their own merit. Alternatively, thediepancy with reported
conjugates may be explained by differences betwaeeman and murine systems, the APCs used, and/er ptbteolytic
requirement releasing or destroying the differguittopes and others. The importance of the APC tyag underscored by our
observation that moDCs but not primary mDCs effitiecross-presented the HBcAg ~epitope from the intermediately sized
AV-SLP26 conjugate. This may reflect a differencendosomal proteolytic milieu between these gpk$ and/or other
requirements for antigens to be transported tpthteasome for processing (McCurley and Mellmari,020More research is
required to elucidate exactly how the length ofjegated SLP, conjugate size as well as its phygicgberties determine

epitope release for cross-presentation in diffenauntine and human DC types.

As an alternative strategy to size reduction, wamsthat an endosomal protease-sensitive linkeibeamsed. This strategy
ensures uptake of both SLP and adjuvant by the sathe@resumably followed by subsequent unhind@red¢essing and
transport of the SLP (Gene M. Dubowchik et al.,20®lacement of the VC-linker indeed improved srpeesentation of the
HBcAg'®*"epitope by both moDC and mDC subsets. Using pafieells, both conjugates increased expansionmétfonal
CD8+ T cells in responding donors, but inclusiorief VC-linker did not overtly yield more T cellsgonses. Our patient
cohort, however, also contained several HB€Z&§epitope non-responsive patients which could méf$érdnces between the
compounds. The number of responders in this stody8] was comparable to our previous study using3MP37 (6/19; (Dou
et al., 2018)). All responders were of CaucasiggirorBecause we selected patients using pan-HLAaAtbodies, non-
responding patients may have expressed certain A2 Aubtypes prevalent among Asians (e.g. HLA-A*®:l@éss able to
bind the HBcAJ®?"-epitope or the HLA-A2:01 tetramer (Tan et al., 800We have no clear explanation for the different
results from thex vivoexperiments with patient T cells compared toiouritro model system with engineered HBCAG
specific T cells. Of influence could be the fadttpatients’ SLP-induced T cell responses may lbaes polyclonal, of

different affinity and potentially directed agaimsher CD4 and CD8 epitopes, while our read out evag for the HBcAG® %



epitope and patient selection only for HLA-A*2. Bildy, competition between T cells recognizing eliéint SLP-nested
epitopes within our co-culture influenced the resgmoof HBcAG®? cognate T cells. Future studies would benefit feoread
out method for more/all SLP-contained epitopesetiten appreciate the total response induced bybRrconjugates. Making

this possible with the limited material at handusrently focus of our research.

Here we investigated the conjugation of a TLR2+igj40 a prototype HBV-core derived SLP. With tlvig explored a novel
promising vaccination strategy, which could furtberimproved for HBV vaccine development. BesideR3-ligands that
have been proven effectiue vitro andin vivo, other adjuvants may also be of interest to conpigaSLPs (Khan et al., 2007,
Gijs G Zom et al., 2014; Zom et al., 2016). Thus ¢anjugation of SLPs to TLR7- and TLR9-ligands h&en assessed (Khan
et al., 2007; Weterings et al., 2006). For TLR3 tle@sulted in abrogation of receptor binding, lutfLR9 this proved a valid
strategy. At present, TLR2 is preferred over TLR@dwse of its broad expression on myeloid cell$enfliR9 is expressed
predominantly on plasmacytoid DCs, which are po&R€Cs (Schreibelt et al., 2010; See et al., 201lfaM et al., 2017).

Likewise, conjugates containing TLR3 or TLR8 ligarate of interest as these also act on mDCs (Selitrei al., 2010).

In conclusion, we have demonstrated that SLP-TLB&Ad conjugation is not always beneficial for srpsesentation, but
may be improved by altering SLP size and by VC<ininclusion. Furthermore, we have demonstratedthR2-SLP
conjugates are able to trigger HBV-specific T ce#isponsesx vivo These data and derived insights will benefit $iaRed

vaccine development for the treatment of CHB ammoinfectious diseases, as well as cancer in gener
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Table 1. Characteristics of Chronic HBV Patients Included in the Study

ri?rgggtr vi(rla LlJ /Ir?%d ('IA‘ [IJ_;I|—) HBeAg | HBsAg | Fibrosis | Genotype Ethnicity tr(é:'[rr'r?g\t Gender '?;;JS
ptl <2.00E1 | 32 neg pos FO-F1 C Asian entecavir M 46
pt2 <2.00E1l 13 pos pos FO-F1 n.d. Asian entecavir F 62
pt3 <2.00E1 | 37 neg pos FO-F1 n.d. Asian entecavir M 35
pt4 <2.00E1l 28 neg pos F2 n.d. Caucasian tenofovir M 50
pt5 <2.00E1 | 27 neg neg* FO-F1 n.d. Caucasian | entecavir M 41
pt6 <2.00E1l 21 neg pos FO-F1 n.d. Caucasian entecavir M 32
pt7 5.5E2 29 neg pos FO-F1 n.d. Caucasian none M 48
pt8 8.3E2 25 neg pos FO-F1 B Asian none M 53
pt9 2.0E1 22 neg pos F2 C Asian entecavir F 48
pt10 3.0E1 33 neg pos FO-F1 n.d. Caucasian tenofovir M 28
ptll 4.9E1 25 neg pos F2 n.d. Asian none F 42
pt12 <2.00E1l 19 neg pos FO-F1 n.d. Caucasian none F 42
pt13 9.0E1 31 neg pos FO-F1 n.d. Caucasian none M 67

M, male; F, female; n.d., not determined; ALT, alanine aminotransferase. Typically the range for normal ALT is
between 7 and 56 units per liter. * patient proved to have cleared HBsAg and seroconverted to anti-HBs at time of
inclusion.




Figurelegends

Figure 1. Conjugation of TLR2-ligand to the HBV-SL P reduces cr oss-presentation efficiency.

(A) Schematic representation of Amplivant (AV)-SLPxtare (AV+SLP37) and conjugate (AV-SLP37). The HREA

CD8+ T cell epitope is indicated in re@®)(Dose titration of compounds on moDC, that afteigen/ adjuvant loading were co-
cultured for 20 hours with engineered HB¢AY-specific CD8+ T cells. IFN-production by T cells was measured by ELISA.
Representative result of 2 experiments & dond$.Experiment as in B but using freshly isolated nZDRepresentative result
of 2 experiments & donorsDj Kinetics of antigen presentation by moDC loadétth @&uM of specified compounds for

indicated times, read out by HBcKg ~specific CD8+ T cell activation by IFN-production. Mean+SEM. n=4E} IFN-y
production by HBcA§ *-specific T cells in response to moDC pulsed witti¢ated compounds in the presence or absence of
epoxomicin (1puM) or NEHCL (5mM). moDC were fixed with 0.2% PFA prior toetistart of co-culture. Mean+SEM. n=4
donors. For visualization IFM{evels were normalized to the amount induced bgliome control (no inhibitor) in each

experiment. Statistical analysis based on raw dpt0.05 by two-sided paired t-test.

Figure 2. Shortening of SL Pswithin conjugates enhances cross-presentation.

(A) Schematic representation of AV-SLP length vagatd mixture. The HBcA§?' CD8+ T cell epitope is indicated in red.
(B) IFN-y production by HBcA§?"-specific T cells in response to different DC subgrilsed with indicated compounds after
20 hours of coculture. Each symbol represents ard@ar represents the mean. (moDC, n=3; mDC2, m#BC1, n=2(AV-
SLP26)-4(AV-SLP37 & AV-SLP16). *p<0.05 by two-sidedired t-test.¢) moDC or mDC2 were stimulated with 2uM of
indicated compounds for 20 hours. Shown are reptatee histograms for the cell surface expressioBD80, CD86 and
CD83 on moDC (n=3) and mDC2 (n=4) as determinefldwy cytometry. D) IFN-y production by HBcA§ *"-specific CD8+

T cells in response to mDC2 pulsed with indicatechpounds with or without excess AV (2uM). Each sginiepresents a

donor. n.s., not significant by two-sided pairedst.

Figure 3. Inserting a protease-sensitive linker between Amplivant and SL P impr oves cross-pr esentation.

(A) Schematic representation of the conjugates withYC-SLP37) and without (AV-SLP37) the Valine-Qitme (VC)

linker. (B) IFN-y production by HBcAY ?"-specific CD8+ T cells in response to DC subsetsgaliwith indicated compounds
after 20 hours of coculture. Each symbol represaitsnor. Bars represent the mean. (moDC, n=3; mb€&, mDC1, n=4).
*p<0.05 by two-sided paired t-tes€) Dose titration of conjugates on mDC2 and lFNroduction by HBcAY ?*-specific

CD8+ T cells in response to these cells. Mean+SEN. O) Shown are representative histograms of CD80, C6CD83



cell surface expression on mDC2 in response te#atdd compounds after 20 hours of incubation asuared by flow

cytometry. n=4

Figure 4. Induction of HBV-specific CD8+ T cell responsein CHB patients by Amplivant-SL P conjugates.

(A) Representative tetramer staining of HBEAG-specific CD8+ T cells in PBLs from a CHB patieftea 12-day culture

with autologous moDC loaded with 10uM of indicatemhjugates.g) Left panel: absolute number of HBcAG-specific

CD8+ T cells after 12-day culture as described ifoAl3 patients. Bars indicate mean of absolutelrer of HBcAg® %~
specific CD8+ T cells of 13 patients. Respondintigmés are marked in red (defined by a >2-foldéase in HBCAY 2"
specific CD8+ T cell numbers). 3 patients in grembols used autologous B cell depleted PBLs focuiture (see Material
and Method). Right panel: fold increase of HB&EG-specific CD8+ T cells after 12-day culture normati to AV alone.
Samples from one individual are connected by a MNwl3. (C) Cytokine production of 12-day CD8+ Tl @ailtures (with
indicated compounds) from responding patients, up@night re-stimulation with HBcA§?’ short peptide (SP10). Samples

from one individual are connected by a line. met,significant, *p<0.05 by Wilcoxon signed raniste

Supplementary Figure 1. Effect of epitope position within AV-SL P16 on cross-presentation by human DC.

(A) Schematic representation of AV-SLP16 as usetitnstudy and an alternative AV-SLP16-mid (whered'hindicates the
epitope is positioned in the middle of the SLP seqge). B) IFN-y production by engineered HBcXf -specific CD8+ T cells
in response to different DC subsets pulsed witicatéd compounds (2uM) for 20 hours. Each symhbmlesents a donor. Bar

represents the mean. (n=4). n.s., not significsgaired-t test, two-sides.

Supplementary Figure 2. I nduction of functional CD4+ T cellsin CHB patients by AV-SLP conjugates.
Summary of the mean+SEM of absolute cell numbecs/imkine-producing CD4+ T cells from CHB patienfson re-
stimulation of with SLP-loaded autologous moDC a#te initial 12-day expansion culture by indicatednpounds (n=9). *

p<0.05, **p<0.01 by Wilcoxon signed rank test (ttated) on raw data.



Supporting Information

Design of TLR2 ligand-synthetic long peptide conjugates for therapeutic vaccination of chronic HBV patients

Supplementary methods

Antibodies used to detect indicated antigens by figtometry were: HLA-A*02 (BB7.2, Serotec), CD3QUIT1,
eBioscience), CD8 (RPA-T8, BD Biosciences), CD4 ARF4, eBioscience), CD19 (HIB19, eBioscience), C&4D3,
eBioscience), CD1a (HI149, eBioscience), NGFR (ME2BioLegend), BDCAL (AD5-8E7, Miltenyi), BDCA3 ([25-14H12,
Miltenyi), Interferon gamma (IFN) (25723.11, BD Fastimmune), tumor necrosis faetofNF-o) (MAb11, eBioscience) and

the live/dead marker Aqua (LifeTechnologies).
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F1. Conjugation of TLR2-ligand to the HBV-SLP reduces cross-presentation efficiency.
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F2. Shortening of SLPs within conjugates enhances cross-presentation.
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F3. Inserting a protease-sensitive linker between Amplivant and SLP improves cross-presentation.
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F4. Induction of HBV-specific CD8+ T cell response in CHB patients by Amplivant-SLP conjugates.
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Supplementary F1. Effect of epitope position within AV-SLP16 on cross-presentation by human DC.
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Supplementary F2. Induction of functional CD4+ T cells in CHB patients by AV-SLP conjugates.
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Highlights

*  Wegenerated TLR2-ligand HBV-SLP conjugates to ensure delivery of SLP and TLR2-ligand to the same
DC upon vaccination.

*  TLR2-ligand HBV-SLP conjugates were less efficiently cross-presented by monocyte-derived and primary
DC subsetsin vitro.

»  Cross-presentation of TLR2-ligand HBV-SLP conjugates was improved by reducing SLP length.

»  Cross-presentation of TLR2-ligand HBV-SLP conjugates was improved by inclusion of a protease sensitive
linker sequence.

*  TLR2-ligand HBV-SLP conjugates boosted chronic HBV patient-derived HBV-directed T cell responses ex

vivo.



