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Abstract

Antigen-specific T-cells are highly variable, spanning potent antiviral efficacy and damaging
auto-reactivity. In virus infections, identifying the most efficacious responses is critical to
vaccine design. However, current methods depend on indirect measures or on ex vivo
expanded CTL clones. We here describe a novel application of cytotoxic saporin-conjugated
tetramers to kill antigen-specific T-cells without significant off-target effects. The relative effi-
cacy of distinct antiviral CD8+ T-cell specificity can be directly assessed via antigen-specific
CD8+ T-cell depletion. The utility of these reagents is demonstrated here in identifying the
CD8+ T-cell specificity most effective in preventing HIV progression in HIV-infected HLA-

B 27-positive immune controllers.

Introduction

Thenotion of selectivel-cell depletion,mostfrequentlyaimingto purgeautoreactivityhas
recentlygainedsubstantiatractionin theimmunologicalfield [1+8]. Thedevelopmenbf fluo-
rescently-labeletetramericpeptide-MHC complexegtetramers)llowedbinding andvisuali-
sationof antigen-specifid-cells[9+11]and hasledto the generatiorof modified tetramers
thatarecoupledto atoxin, suchasaribosomeinactivatingprotein saporin(SAP) thatcan
selectivelkill antigen-specificellsof interest.Beinghighly specificfor their cognater-cells
andrapidly internalisedupon engagememnf the TCR, peptide-MHCtetramerscandeliver
anycoupledmoietyin averyselectivenanner[12]. Thepotentialto causedeathof selected
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targetcellsmakesSAP-conjugatetbtramergtet-SAP)a powerfultool not only to eliminate
auto-reactivel -cellscausingdiseasdut alsoby which to identify antiviral T-cell specificities
thatareeffectiven preventingdiseas4].

An eleganproof-of-concepistudyin the mouse-LCMVmodelexploitedtheideaof SAP-
conjugatedetramersanddemonstratedetramer-mediatedelectivalepletionof certainCD8
+ T-cells and [4]. Thesecytotoxictetramerswerelaterused in further
murine studiesto deletediabetogenid-cells[6], encephalopathogenit-cells[5], minor
histocompatibilityHY-specificT-cellsto preventorganrejection[7], or to study memory
inflation' [13].

To date howeverthetet-SAPtechnologyhasnot beenappliedin humanstudiesWe here
setout to demonstratahat this tool canbeusedto selectivelylepleteHIV-specificCD8+ T-
cells , andtherebyto evaluatehe contribution and efficacyof aparticularCD8+ T-cell
specificityto viral inhibition. Althoughtheimportanceof CD8+ T-cellsin HIV control has
beenestablishedor somedecade$§l4, 15],along-standingquestiontandnethatis critical to
HIV vaccinedesignzremainsjamely which of the manydifferentHIV-specificresponseare
effectivan mediatingeffectiveand durableimmune control of HIV infection.

Materials and methods
Study subjects

Specimen&om adultsubjectdrom thefollowing cohortswereusedin our study:

1. Thamesvalleycohort[16]: chronicallyHIV-infected ART-na veadultswererecruited
from the RoyalBerkshireHospital,ReadinglUK; NorthamptonGeneraHospital,North-
ampton,UK; Churchill Hospital,Oxford, UK; andWycombeHospital,High Wycombe,
UK. This studywasapprovedby the Institutional ReviewBoardof the University of Oxford
andall subjectprovidedwritten informed consenffor participationin the study.

2. AcuteHIV Infectioncohort[17,18]: acutelyHIV-infected adultswererecruitedatthe Mas-
sachusett&eneraHospital, Brighamand Women'sHospitaland the Fenwayinstitute of
the BethlsraelDeaconesMedicalCenter,Boston MA, USA.Primaryinfection wasclassi-
fied usingFiebigstagingaspreviouslydescribed19]. SubjectAC198from this cohortwas
studied.He is anadult Caucasiamale,enrolledin 2005during earlyacuteinfection (esti-
mated10+15dayspost-infection Fiebigll [19]) andreceivedsixmonthsof ART thatwas
ceasedspart of randomlyassignedreatmentinterruption. This studywasapprovedoy
the MassachusettseneraHospitalInstitutional ReviewBoardandall subjectgprovided
written informed consenffor participationin the study.

3. TheStudyof the Consequencesf Proteasénhibitor Era(SCOPEXohort[20]: chronically
HIV-infected ART-na veadultsrecruitedat the University of California, SanFrancisco,
USA.This studywasapprovedy the Institutional ReviewBoardof the Universityof Cali-
fornia, SanFranciscandall subjectgjavenritten informed consent.

HIV plasmaviral loadwasmeasuredy the RocheAmplicor versionl.5assayith with
COBASAmpliPrepor TagMan48for the AcuteHIV Infection cohortor with COBASAmMpli-
corfor the othercohorts.CD4+ T-cell countsweredeterminedby flow cytometryusingstan-
dardclinical protocol.CD4+ T-cell countsandviral loadsweremeasurean clinical grounds
andthedataweresuppliedby the Centreof Recruitment. HLAtyping wasperformedusinga
locusspecificPCRamplificationstrategyand aheterozygou®NA sequencingnethodology
for exon2 and3 of theclasd PCRamplicon[21].
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Tetramer generation

Peptide-MHCtetramersconjugatedo fluorophoresweregeneratedspreviouslydescri-
bed,usingstreptavidin-PEor APCto tetramerisebiotinylatedpeptide-MHCclasd mono-
mers[11]. Efficiencyof tetramerisatiorwasconfirmedby stainingwith anti-mouselg
beadqBD Biosciencesyith ananti-HLA antibody,followedby tetramerstaining.Cyto-
toxic saporin-conjugatedetramerswereproducedby the samemethodusingstreptavidin-
saporin(AdvancedTargetingSystems)o tetramerisepeptide-MHCmonomersaccording
to the publishedapproacHh4]. Briefly,thesemodifiedtetramersarecoupledto atoxin, ribo-
some-inactivatingrotein saporin(SAP) that canselectivelkill antigen-specificellsof
interestandtherebyevaluatehe contribution of aparticularCD8+ T-cell specificityto viral
inhibition [4+7,13].Biotinylatedpeptide-MHCclasd monomersgeneratedsperstandard
publishedapproach11] weretetramerisedy stepwiseaddition (1/10" volumeevery10
minutes)of streptavidin-SARAdvancedTargetingSystemsata 1:1molarratio of biotiny-
latedMHC to biotin binding sites[22]. Betweeradditions tetramerisatiorreactionwasleft
on arotor at4EQprotectedfrom light.

Tetramer staining

For stainingwith fluorescently-conjugtedtetramers0.5-1x18 cellsper stainwerewashed
with PBSjncubatedwith relevanttetramersor 30minutesat room temperaturewashed,
further incubatedwith fluorochrome-conjugate antibodiesfor 15+20minutesatroom tem-
peraturein thedark andfixedin 2%formaldehydesolutionat4ECControlsincludedcells
incubatedwith no tetramerandwith HLA-mismatchedetramersthesewereusedto setup
negativegatesduring analysisFor stainingwith SAP-conjugatetetramerscellswereincu-
batedwith tetramergfor 30 minutesatroom temperaturewashedfixed and permeabilised
with BD Cytofix/Cytopermkit (BD Biosciencesandthenincubatedwith antibodiesjnclud-
ing asecondananti-SAPantibody(AdvancedTargetingSystems)Controlsincludedcells
incubatedwith no tetramer,HLA-mismatchedSAP-conjugatetketramersandfreeunconju-
gatedSAP Negativegateluring analysisveresetup basedn no tetramerand HLA-mis-
matchedietramerstainings Samplesvereanalysedn FlowJoversion9.7.6(TreeStar,Inc.)
andhierarchicallygatedon singletsJymphocyteslive cellsand CD3+ cellsand gatedon tetra-
mer-specificCD8+ cellpopulations Antibodiesusedin theseexperiments: SAP-Alexa488
(AdvancedTargetingSystems); CD3-PacificOrange(Invitrogen); CD3-Brilliant Violet 421,

CD4 OKT4-APC, CD4 OKT4-FITCand CD8-PE/Cy7(BioLegend); CD8-V450(BD Bio-
sciences);HLA-APC (BD BiosciencesandLIVE-DEAD fixablenear-IRmarker(Life
Technologies).

Tetramer internalisation experiments

To establistthe kineticsof tetramerinteractionswith humanPBMCs jnternalisationexperi-
mentswereperformedaspreviouslydescribed4]. Briefly, cellswereincubatedwith tetramers
at4ECfor 30minutesto allowbinding, further incubatedat either37EGr 4ECQto promoteor
inhibit internalisation respectivelyfor up to 3 hours,strippedof externalfluorescencevith
0.5MNaCl/0.5Maceticacid(pH 2.5)andimmediatelyacquiredby flow cytometry.

Timecourse of cell-depletion mediated by tetramer-SAP

To establisithetimecourseandefficiencyof selectiveaetramer-mediatedelldepletion,
PBMCsor expandedCD8+ T-cellsweretreatedwith tetramer-SAR5+10nM) for 2 hoursat
37EQn R10,washed timeswith R10andfurther culturedin R10(PBMCs)or R10/50
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(expandedCD8+ T-cells)[4]. Control treatmentsncluded:free SAP HLA-mismatchedetra-
mer-SAPtetramer-PEandno treatment Every24hoursaliquotsof cellsfrom eachcondition
werestainedwith therelevantfluorochrome-conjugate tetramerandanalysedy flow cytom-
etry.For comparisorwith the conventionakell-depletiormethodusinganti-PEmagnetic
beadg23], cellswereincubatedwith tetramer-PEor 30minuteson iceto allowsurfacebind-
ing andinhibit internalisationtetramer-PE-bounaellswerethenremovedusinganti-PE
beadqpositiveselectionEasySeitemCelilechnologiesaccordingto the manufacturer's
protocol.

Viral inhibition assay

To evaluatahe effectof tet-SAP-mediatedepletionof epitope-specifi€D8+ T-cellson their
antiviral capacitywemodified previouslydescribedviral inhibition assay24] asfollows.We
usedHIV-permissiveH9 cellline transfectedvith the HLA-B 27:05gene(agenerougift from
Otto Yang)astargetsgontrolsincludedH9 cellsexpressingdLA-B 57:03or HLA-untrans-
fected As effectorcells wetreatedPBMCswith amonoclonalCD3.4antibodybi-specificfor
CD3andCD4 (the NIH AIDS ReagenProgram)to eliminateCD4+T cellsandexpandCD8+
T-cells[25+£27].ExpandingCD8+ T-cellswereculturedfor 10+20daysto achieve>90% purity
andsufficientnumbers24+48noursprior to theinhibition assayCD8+ T-cellsweretreated
with tet-SAPor acontrol (untreated HLA-mismatchedet-SAP tet-PE freeSAP)asdescribed
aboveWhen cellnumbersallowed cell-depletionvasconfirmedby tetramerstaining.For the
initial setupof theinhibition assaytargetcellswereinfectedwith pre-titratedNL4-3-GFP[16]
by spinoculationfor 1 hour, incubatedat 37ECor 1 hour, repeatedlyvashedandfurther cul-
turedwith or without effectorcellsat anappropriateeffectorto targetcellratio in duplicatesor
triplicates.Every2+3daysthe cultureswerefed and stainedto asseskive CD4+GFP+cells %
GFP+uninfectedtargetcellsservedasabackgroundsubtractedrom all valuesHIV-suppres-
sivecapacitywascalculatecht the time of the peakof viral growth asfollows[24]: suppressive
capacity= log, ( YoGFP+nfectedtargetcellswithout effectorcells/ %G FP+argetcellswith
effectorcells).Analysiswasperformedin GraphPadPrismfor Mac OSX,5.0c(GraphPad
Software).

ELISPOT assay

Interferon- ELISPOTassaysvereperformedaspreviouslydescribed28,29]. Peptidesvere
generatedy Schafer-N.

Sanger sequencing of proviral genome

GenomicDNA wasextractedrom PBMCsusingQIAmp DNA Mini kit following manufactur-
er'sprotocol (Qiagen) Full lengthHIV genomevasamplifiedin two overlappingragments,
purified and sequencedspreviouslydescribed30]. Thiswasconfirmedby sequencingf HIV
protein-longfragmentsaspreviouslydescribed31]. All sequencingvasdoneusingBigDye
Terminatorv3.1ReadyReactiommix (Applied BiosystemsindanalysedaisingSequenchev4.8
(GeneCodesCorp.).

Results
Recognition and internalisation of conventional and cytotoxic tetramers

Wefirst confirmedthat SAPconjugationto tetramersdid not compromisetetramerrecogni-
tion andinternalisationby cognateCD8+ T-cells.Stainingswith conventionalfluorescently
labelledpeptide-MHCtetramergtet-PEor tet-APC)andwith cytotoxictetramergtet-SAP)of
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the samespecificityshowedcomparabldevelsof responseéS1Fig). An exampldn Fig 1A and
1Billustratesthat asimilar levelof theimmunodominantGag-KK10(?*KRWIILGLNK?"3
responsavasdetectedvhenPBMCsfrom anHLA-B 27:05-positiveHIV-infected donor were
stainedwith eitherKK10-PEor KK10-SAP Visualisationof tet-SAP-specificellsrequired
permeabilisatiorand stainingwith ananti-SAPfluorescentntibodyfollowing incubation
with tet-SAP(Fig 1Band 1C). HLA-mismatchedetramerg(in this caseHLA-B 07:02-specific
tetramers)howedow backgroundstaining( 0.03% of CD8+ T-cells),similarto conven-
tional tetramergFig 1D and 1E).FreeSAP hot conjugatedo tetramersandthereforelacking
themeansof cellentry, did not showCD8+ T-cellbinding or internalisation(Fig 1F).The
kineticsof tetramerbinding andinternalisationwasstronglytemperature-depestent (Fig 1G),
consistenwith murine studieqg4], andreachednaximumwithin two hoursof tetramer-
PBMCincubationat37EC.

Tet-SAP effectively and specifically depletes cognate CD8+ T-cells

We nextassesseathethercytotoxictetramerscould depletespecificpopulationsof human
CD8+ T-cells.An illustrativeexamplan Fig 2A, involving thesameHLA-B 27:05-KK1Qetra-
mers,showsstainingof PBMCswith conventionaKK10-PEtetramerdollowing eitherno
treatment,or treatmentwith KK10-SAPtetramer,HLA-mismatchedetrameror freeSAP.
Thisdemonstratedhat, by 24 hourspost-treatmentnearlyall KK10-specificellshadbeen
depletedby tet-SAP anddid not re-emergdaterin thetime course(up to 72hrs).Similar
observationsveremadein relationto four other SAP-conjugatetktramersto represent.
rangeof differentHLA clasd typesandto includeCD8+ T-cellresponseto CMV andEBVin
additionto HIV (Fig 2B).

To addresghe possibilitythat tetramer-mediatedliepletionof CD8+ T-cellsof onespecific-
ity hasanyoff-targeteffectson other CD8+ T-cell specificitiesin particularthoserestrictedby
thesameHLA clasd moleculewestudiedtheimpactof the HLA-B 27:05-KK1Get-SAPon
CD8+T-cellsrecognisinghe HLA-B 27:05-restrictedsubdominantHlV PolepitopeKY9
(“)KRKGGIGG Y [16]. Treatmentwith KK10-SAPresultedin effectivedepletionof
KK10-specificells but did not affectKY9-specificcells(Fig 2C and 2D). Similarly, KY9-SAP-
mediateddepletionof KY9-specificellsdid not havean effecton KK10-specificells.These
dataunderscoréghe high degreeof specificitymaintainedby the cytotoxictetramers.

Contribution of KK10 to immune control of HIV determined by tet-SAP

We nextappliedcytotoxictetramergo determinethe contribution of specificCD8+ T-cell
responseto immune control of viral infectionssuchasHIV. To evaluatéhe contribution of
theHLA-B 27:05-KK1(Qesponsén anHIV-infected HLA-B 27:05-positivesubjectwenon-
specificallyexpandedbulk' CD8+ T-cellsfrom PBMCsusingthe bi-specificmonoclonal
CD3.4antibody[25+27],andthentreatedthemwith eitherthe KK10-tet-SARor treatments
thatdid not affectthe HLA-B 27:05-KK10CD8+ T-cells(no treatment treatmentwith
KK10-PEtetrameror with an HLA-mismatchedet-SAP;Fig 3A). Wethenassessedhibition
of HIV replicationin HLA-B 27:05-expressingrgetcellsby CD8+ T-cellswith or without
Gag-KK10depletion.Theexampldn Fig 3Band3Cillustratesthatthe CD8+ T-cellswith
unaffectedHLA-B 27:05-KK10-specificellsinhibited viral replicationby 3+4log; o compared
to the KK10-depletedCD8+ T-cellsthatlostthe inhibitory capacity Of note, treatmentwith
KK10-PEtetramerresultedn alowerpercentagef KK10-specificellsbeingdetectabldy
tetramerstaining48hoursfollowing the treatment which waslikely causedy the transient
lossof their capacityto efficientlybind tetramerstaormal characteristiof CD8+ T-cell acti-
vation[32]. Importantly, however KK10-PEtreatmentdid notimpactT-cell suppressive
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Fig 1. Recognition and internalisat ion of convention al and cytotoxic tetramers . (A-F) Representative
dot plots of PBMC staining in an HIV-infected HLA-B 27:05- positive subject with conventional fluorescently
labeled tetramer HLA-B 27:05- Gag-KK10-PE (A) or SAP-coupled HLA-B 27:05- Gag-KK10-SAP tetramer,
detected with a secondary Alexa Fluor 488 anti-SAP antibody in permeabilised (B) or not permeabilised (C)
cells. Absence of non-specific binding of HLA-mismatched tet-PE (D) and tet-SAP (E) and free unconjugated
SAP (F) is shown. Gated on live CD3+ cells around CD8+tet+ cells; numbers indicate % tet+ cells (of CD8+).
(G) Kinetics of tetramer binding and internalisation, determined by measurements of total and internal
tetramer fluorescence in cells at internalisation-promoting (37EC)or internalisation-inhibiting (4EC)conditions.
No further increase in internal fluorescence is observed after 90+120 minutes of internalisation time,
suggesting that nearly all cognate metabolically active (37EC)CD8+ T-cells have internalised the tetramer.
PBMC from an HIV-negative healthy donor with an EBV-HLA-A 02:01-G L9 response were used here. "Total
tet-PE' = surface-bound and internal tetramer fluorescence measured in cells not stripped of any surface-
bound tetramer; “internaltet-PE' = internal tetramer fluorescence measured in acid-stripped cells. A-F,
representative of 8 independent experiments with PBMC from different donors. G, representative of 2
independent experiments with cells from two individuals.

https://i.org/10.1371durnal.por.0184496.¢01L

capacitywhereakK10-SAPreatmentsubstantiallyeducedviral inhibition (Fig 3Band3C).
Theseesultsstronglysuggesthat the KK10-specificellshadindeedbeendepletedby the
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Fig 2. Tet-SAP effectively and specific ally depletes cognate CD8+ T-cells. (A) Representative dot plots of a time course, showing
depletion of HIV HLA-B 27:05- Gag-KK10-specific CD8+ T-cells mediated by KK10-SAP. At time -2 hours, cells were left untreated or
treated with KK10-SAP, mismatch-SAP or free SAP for 2 hours at 37ECwashed and left in media (time = 0 hours). Every 24 hours aliquots
of cells from each condition were stained with the relevant fluorochrome-conjugated tetramer and analysed by flow cytometry. Gated on live
CD3+ cells around CD8+tet+ cells; numbers indicate % tet+ cells (of CD8+) assessed at indicated times after treatment. (B) Graphical
representation of 4 depletion time courses (performed as in A) with tet-SAP of different HIV, CMV and EBV specificities and restricted by
different HLA class | molecules using cells from different individuals with the corresponding specificities. At time -2 hours cells were treated
with tetramer-SAP of interest (red lines and symbols): HIV HLA-B 27:05 KK10-SAP (top left), CMV HLA-B 07:02 TM10-SAP (top right), HIV
HLA-A 02:01 GL9-SAP (bottom left), or EBV HLA-A 02:01 GL9-SAP (bottom right). Controls included: untreated cells (black lines and
symbols), treated with mismatch-SAP tetramer (blue lines and symbols; when sufficient cell numbers were present), or treated with free SAP
(green lines and symbols, when sufficient cell numbers were present). % tet+ cells is normalised to baseline pre-treatment levels (time =
-2h). Tx = treatment. (C,D) KK10-SAP-mediated depletion (assessed 48 hours post-treatment) of HLA-B 27 :05-restricted KK10-specific
CD8+ T-cells does not have an off-target effect on HLA-B 27:05- restricted KY9-specific CD8+ T-cells, while KY9-SAP-mediated elimination
of KY9-specific cells does not affect KK10-specific cells. A,B, representative of at least 10 separate experiments with cells from different
individuals with different HLA types and with tetramers of different specificities. C,D, representative of 3 independent experiments with cells
from different HIV-positive HLA-B 27:05 -positive donors.

https://doi.0g/10.1371§urnal.pon®184496.g002

cytotoxicKK10-SAPratherthan becomerefractoryto tetramer-PEbinding andthusundetect-
ableby tetramerstaining.Additionally, aswedemonstratecdearlier,the potenttoxic tetramer
hadbeeninternalised(Fig 1) andno reboundKK10-specificT-cell populationre-emergedor
up to 72hourspost-treatmen{Fig 2A and 2B).

In aseparatexperimentweran the sametet-SAPdepletionproceduren parallelwith
depletionusinganti-PEmagneticheads[23[Fig 3D+3F).This showedhat depletioneffi-
ciencyandlossof viral inhibition weresimilarirrespectiveof the methodof depletion(seeDis-
cussiorbelow).
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Fig 3. Contribut ion of KK10 to immune control of HIV determined by tet-SAP. Panels A-C and D-F show
results with cells from two different HIV-infected HLA-B 27: 05-positive donors. (A) Tetramer staining 48h
post-treatment with KK10-SAP to confirm depletion of KK10-specific cells. Gated on live CD3+ cells around
CD8+tet+ cells; numbers indicate % tet+ cells (of CD8+). (B) Viral replication in HLA-B 27:05- expressing H9
cells without or with added untreated bulk, KK10-SAP-treated, KK10-PE-treated or mismatch-tet-SAP-treated
CD8+ T-cells. Infected cells were measured by NL4-3-GFP expression. (C) Suppressive capacity of bulk,
KK10-SAP-treated or mismatch SAP-treated CD8+ T-cells. (D) Tetramer staining to confirm KK10-SAP-
mediated depletion of KK10-specific CD8+ T-cells (48 hours post-treatment) or depletion of KK10-PE-stained
cells with anti-PE magnetic beads. (E) Viral replication (as in B) in H9-HLA-B 27:05-pos itive infected target
cells alone or with bulk, KK10-SAP-treated or KK10-bead-depleted CD8+ T-cells. (F) Suppressive capacity of
bulk, KK10-SAP-treated or KK10-bead-depleted CD8+ T-cells. B,C,E,F, error bars represent s.e.m.
Represents 2 separate experiments with two HLA-B 27: 05-positive donors.

https://cbi.org/10.1371djurnal.por.0184496.903

Definition of antiviral efficacy of different CD8+ T-cell responses using
tet-SAP

We nextemployedhetet-SAPreagentso comparesimultaneousiHIV-suppressiveapacityof
severalCD8+ T-cell specificitiegollowing this approach(S2Fig). We usedsamplegrom an
HLA-B 27:05-positivédIV-infected donor whoinitially controlledviraemiaandhadthreewild-
typeHLA-B 27-restrictedlominantresponsegsdeterminedby IFN- ELISPOTassayandcon-
firmed by tetramerstaining(Fig 4A+4C):Gag-KK10Pol-KY9and Vpr-VL9 (**VRHFPRPWE9).
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Fig 4. Definition of antiviral efficacy of different CD8+ T-cell responses using tet-SAP. All panels show data from one HIV-infected
HLA-B 27:05-positive subject. (A) Viral loads, CD4+ T-cell counts with timepoints of assays indicated. (B) IFN- ELISPOT CD8+ T-cell
responses to HLA-B 27-restricted optimal epitopes. Only responses !50 SFC/10° PBMC are shown. (C) Frequency of antigen-specific
cells of three dominant specificities determined by tetramer staining. (D) Proviral sequences of the three dominant responses. Known
HLA-B 27:05-associated footprints and the significance of the associations (q value) are shown [33]. Nd, not done. (E-G) Results from
timepoint 48 months post-infection; (H-J) results from timepoint 96 months post-infecition. (E,H) Dot plots showing tetramer staining of
existing in this donor HLA-B 27:05-restricted responses at the timepoint assayed. Gated on live CD3+ cells around CD8+tet+ cells;
numbers indicate % tet+ cells (of CD8+). (F,l) Viral replication in H9-HLA-B 27:05-posit ive infected target cells alone or with bulk CD8+ T-
cells or CD8+ T-cells depleted of a particular specificity with tet-SAP. Infected cells were measured by NL4-3-GFP expression. (G,H)
Suppressive capacity of bulk or tet-SAP-depleted CD8+ T-cells. F,G,1,J, error bars represent s.e.m. G,J, ANOVA with Dunnett's Multiple
comparisons test to compare suppressive capacity of bulk versus tet-SAP-treated CD8+ T-cells. p 0.05, p 0.01, p 0.001

https://dbi.org/10.1371durnal.por.0184496.g04

Response® the wild-type epitopesdiminishedovertime, while viraemiaprogressiveljncreased
andwell-characteriseHILA-B 27-associatechutationsemergedn the dominantresponseg-ig
4D). Viral sequencencodingthe Vpr epitopewasnot availabldor the earliestimepoint, but the
R32Kescapenutant presentat months39and 78is characteristicallgelectedpecificallyin
HLA-B 27-positivesubjectg33].

We nextevaluatedheimpacton viral inhibition of tet-SAP-mediatedepletionof CD8+
T-cellresponsepresentstudyingtwo timepoints,4 and 8 yearsafterinfection. At 4 yearg48
months)post-infection,Pol-KY9and Vpr-VL9 depletionmadelittle differenceto viral replica-
tion, while Gag-KK10depletionsignificantlyattenuatedhe ability of CD8+ T-cellsto suppress
viral replication,suggestinghat the majority of bulk CD8+ T-cell-mediatednhibition was
Gag-KK10-specifi¢Fig 4AE+4G) At 8 yearg 96 months)post-infection(Fig 4H+4J) the contri-
bution of the Pol-KY9responséo inhibition of viral replicationwaslostaltogetherypr-VL9
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continuednot to contributesignificantlyto viral inhibition, andthe Gag-KK10-specificells
contributedthe most.Of note,the Gag-KK10effectwasseerwith both the wild-type-specific
andmutant L268M-specifitet-SAPmediateddepletion(Fig 4G and4J).This canbeexplained
by cross-recognitiorof the variantby the wild-type-specificellsthat arehighly effectiveagainst
both wild-type and L268Mvirusesgexpressn anti-apoptoticphenotypeandarelong-lived.[34,
35] Althoughin this casethe subjectinitiated ART through choiceafter9 yearsof infection,
viral loadwaswell containedfor muchof thistime at<2,000copies/mlandabsoluteCD4
countsweremaintainedat high levelsof 500+ 70@ells/mn? until ART intervention. Thisis rep-
resentativef 2 similar experimentsnvolving HLA-B 27:05-positivéd1V-infected individuals,
showingthatin subjectswith low viral loads(e.g.73copies/ml518copies/ml) inhibition of
viral replicationwashighly dependentipon the Gag-KK10respons€S3Fig).

Discussion

In summarywehereshow for thefirst time, that cytotoxicsaporin-conjugatetetramerscan
beusedin studieswith humancells.Thesaetramershind andareinternalisedby cog-
nateCD8+ T-cellsresultingin their effectiveelimination by aslittle as24hours.We did not
observan off-targeteffectandfound that the tet-SAPapproachis considerablysimplerand
lesgime-consuminghanthe conventionaimethodusingmagneticheadsespeciallyf more
thanoneCD8+ T-cell specificityis beingassesse@heseareagentsanfacilitateidentification
of effectiveH|V-specificCD8+ T-cell responsethat couldbeinducedby asuccessfulaccine,
andcanalsobeusedin otherviral infectionssuchasCMV or HCV. Finally,asshownin
murine studieq4], saporin-conjugatetetramershavethe potentialfor depletiongo be
undertakenmmunotherapeuticallyn humans.

Supporting information

S1Fig. Similar levelsof CD8+ T-cell responsesre detectedwith both conventionaltet-PE
andtet-SAP.Spearmartorrelationof stainingsof PBMCfrom 8 differentdonorswith tetra-
mersof differentspecificitiesandrestrictedby differentHLA types.

(TIFF)

S2Fig. Workflow of the methodto assesanti-HIV efficacyof different CD8+ T-cell speci-
ficities in human cellsusingtet-SAP.Theproposedmethodconsist®f four main steps:

1. Identify CD8+ T-cellresponseby IFN- ELISPOTand/or tetramerstaining.

2. ExpandCD8+ T-cellswith bi-specificCD3.4monoclonalantibodyand confirm targeted
specificitiedy tetramerstaining

2.1.Includeananti-CD4antibodyin the panelto asses€D8+ T-cell purity.
2.2.Usethis periodto generateSAP-conjugatetetramers.

2.3.Prepardargetcells(i) if usingHIV-permissivecelllines(e.g.H9, U937,T1), startthe
culturesaweekbeforeinfection; (ii) if usingprimary CD4+T cells starttheir activation
3t4daysbeforesuperinfection.

3. Removealesiredspecificitiewith tet-SAPand confirm by tetramerstaining.Includecon-
trols (HLA-mismatchedet-SAP free SAP).

4. Performviral inhibition assaysingtet-SAP-treate TL aseffectorcellsUseintracellularGag-
p24stainingor ELISAasaread-oultif the virus usedfor infection doesnot havea GFPreporter.

(TIFF)
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S3Fig. Examplesof HIV-infected HLA-B 27:05-positiveindividuals with low viral loadsin
whom control of viral replication wasdependanton Gg-KK10responsePanelsA,B show
datafor anHLA-B 27:05-positiveontrollerwith viral loadof 73copies/mlpanelsC,D show
datafor anotherHLA-B 27:05-positiveontrollerwith viral load of 518copies/ml(A,C) Viral
replicationin H9-HLA-B 27:05-positivénfectedtargetcellsaloneor with bulk CD8+ T-cellsor
CD8+T-cellsdepletecbf Gag-KK10specificitywith tet-SAP Infectedcellsweremeasuredy
NL4-3-GFPexpression(B,D) Suppressiveapacityof bulk or KK10-tet-SAP-deplete@D8+
T-cells.Error barsrepresens.e.m.

(TIFF)
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