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Abstract

The role of T cell on the HIV evolution: An essential information for
HIV vaccine development

Pokrath Hansasuta, Navapon Techakriengkrai, Yada Tansiri
Division of Virology, Department of Microbiology, Faculty of Medicine,
Chulalongkorn University

Objective(s) To develop a successful HIV-1 vaccine, identification of the
immune correlates of protection against natural HIV-1 infection is of crucial
priority. Study in a unique group of infected individuals who are able to
control HIV-1 naturally (HIV controllers; plasma HIV-1 load (pVL) less than
2,000 copies/ml without antiretroviral therapy) have provided a chance to
investigate the roles of host immune responses in natural HIV-1 control.

Material and Method: A total number of 13 HIV controllers (VC) and 32
typical progressors (TP) were enrolled. Their magnitude and functional
quality of the T-cell responses against Gag p24 protein (defined by the
number of function simultaneously performed, from single to full 5 functions
of IL-2, TNF-a, IFN-y, MIP1-B and CD107a expression) were analyzed by
ELISpot assay and polychromatic ICS. Complete blood count, together with
CD4 and CD8 counts, was determined for a calculation of absolute HIV-
specific T cells.

Results HIV-1 Gag p24-specific-CD8" T cell responses of VC were composed
of high functional quality CD8" T cells than that of TP (p < 0.05). This high
functional quality observed in VC were independent of age, duration of
infection or presence of protective HLA-I alleles (HLA-B*27, -B*57 and —
B*58) and were observed at both a whole p24 protein specific and a single
epitope specific level. The absolute number of high functional quality HIV-1
Gag p24-specific-CD8" T cells was significantly in a negative correlation with
pVL (r = -0.6984, p = 0.0006) and also in a positive correlation with CD4" T
cell counts (r = 0.5648, p = 0.0095), hence clearly illustrated their roles in
determining HIV-1 clinical outcome.

Conclusion This study indicated that possession of an adequate numbers of
high functional quality HIV-1 Gag p24-specific-CD8" T cells is important for
becoming a natural HIV controller and provided a solid evidence supporting
their roles as an immune correlate of HIV-1 protection.
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HIV dluhsa  divaundngfidquduleacned  dse@ngaw
Easnilenhisaufiadladlaud asnarawuguasdiudiillu epitope ua9Tushiui
d1dey AsnaawusdInandAndui anchor residue agvinly epitope tu'lai
fusadudu HLA molecule 16 waadAausiian T cell receptor residue Agvin
WiAnnsuaundnanmssuszasiaaataunss  wanand  araudlulylein
mutant peptides TiAinduainnisnatausuas HIV anavinlvilinnisnauauad
vaoiaiaa bifdsz@nganw 1y A1suae cytokine wRavufiatdeunuiaziiy
polyfunctional T cell flusiu dotfu (5ufefiaundigiuin peptide Ansvsiunis
pauduasuad T cell &wsaflaviarasduuy  wafunesduuuwiniudaiunse
nszsiulritiansaauduaguay polyfunctional T cell La

aaeITeaglauaiasanaaiasidadia HIV 3uiu wo
Aulzldaniiiavinnisuan Peripheral blood mononuclear cell (PBMC) uas
plasma ¥inn153tAs1g HLA type wagvinnsmarsunsaasiiiuaagllsiu gagaae
n15vin direct sequencing Lﬁafnmﬂsznamﬂuw”a:ga“lumsaaﬂLu.l:u overlapping
peptide wavluséiu gag wia'le peptide udy S9vinnsiasieyi T cell response
@838 ELISpot screening 1mala overlapping peptides way epitope peptide
n§9anifu vinnnsaanuwuy mutant peptides/epitopes wialalunisiwsey T cell

response aawnaiia Intracellular cytokine staining
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HIV (lusandnuaclisaly Genus Lentivirusdoatlu Family
Retroviridae Wsaufiafifiwugnssuiilu RNA snawdenaasidu HIV flu enveloped
virus 7f glycoprotein spikes (gp160) Afunumadyluns§iaasuadlIzw
gutinuay Lentivirusuanana HIV uafedi Simian Immunodeficiency Virus
(SIV) daiflulayawulu primate 739U wo aewug a1 SIVagm (SIV lu
African Green Monkey) flusiu SIV 1u host ausssuafmaril avhinalsalag
wgNsanalsafifiannsaaalsaandlaludouan (Rhesus macaques) douilu
fotsyindurasnitadu[6] uanaindl dninenmansdodainin SIVcpzwiaa
SIViisnannduwdud (Pan troglodytes troglodytes) \Husunnfiauas HIV-1 1
ssinalunyme [7]du HIV-2 anaazananadia SIVsm (SIV #iunain&e Sooty
mangabey (Cercocebusatys)) [8]

HIV &nansaudelsiilu o ufialvgiq laun HIV-1 fdisvunaat)
Wlanluaaet way HIV-2 definisszunadiulvaiaglunidawsan HIV-1 s
wivaaniilu e agu'ldua Major group (M), Outlier group (O) wag Non-M, non-
O group (N) n1sszunaluzadiunain group M Wusulval dnnendans'le
wuvnau HIV-1 Tu group M enuanulnalaassiuuay nucleotide sequence 3an
nautiaaqfiin subtype wda clade wsigh HIV-1 sawugladfidnwoaruasliss
nnImile subtype Bun¥asnawugiiingu Circulating Recombinant Form
(CRF) ghatinguad CRF leun HIV-1 srawusissunaunsvaiaainnigaludseina
e dousidugninadlu subtype E uwssamwuin'bhiaudietiduliaannau
5¥1I19 subtype A uay subtype E S9ledodalusily CRFO1_AE (91Tl usiu
uannnitinInenamansdonuingosi HIV anuauszuinganawus CRFO1_AE uay
subtype B do'lsigediain CRF15_01B[10] HIVuwaawugilugnuanuassnawug
AIUINAINUIALVINAL & mﬂﬁuﬁﬁ"u"l,ﬂ wianisaniilu mosaic viruses azlafFn
hpl cpxﬁoumuﬁo complex 1au subtype 1 ﬁaﬂaaﬁuwm‘uﬂumnﬁuﬁqnNau
wuy mosaic Sesadialuiinilu CRFO4-cpx 1lusiu

HIV-1 flauadurigueanaivlseina eco 89 e&o 11U
e wardzuiauad genome szl eo Alaluadod long-terminal repeats
(LTRs) awuagdadzde HIV-1 ffundnagauuiialeun  gag(Genansialu

Tasoasonashsa) poldenansiali enzyme 2a9'8x) waz enydonansialu
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5171 @ Genomic organization of HIV-1

1as9dswuas HIV-1  &uluai'ldunannnisnansiguaviu
gag donauusnazleiuiysfudosiu  (precursor protein) aualuved  (pr55)
ndsaniluazgneaninaauleni protease washsalaiiulusfuuiiaidnas Ly
Matrix (MA, p17), Capsid (CA, p24) uay Nucleocapsid (NC, p7) matrix tilu
TusuiatMsuluaas envelope wazvinwinlunistninlvitAanisviu  virion
229 HIV-1 6 envelope luaszununistRniuzashiianauavaanuaniaas
uanandl matrix Fefigrusnlunseurunisin viral preintegration complex 121§
fln&usuavitasansla & viral capsid (p24) sufluasdisznauiddauas
wauAa9 (core) wuad HIV-1 &u nucleocapsid (p7) tilu RNA binding protein
warfininilun1sussy RNA 2a9'lasang virion

waulaiuashiafgnasvintaanistassaia Tusfudosiy
udYy Taaszrningnsaseldsfiuzae HIV-1 funneafeaziinnisasieldssiuuas
gag uay pol L?‘?'auﬁmﬂu'iﬂsﬁumuqu 1381131 gag-pol precursor protein eI
vgntiausaulay viral protease ‘laitilu Tiséiu gag wuasiau'laiuaslidaleua
protease (p11), reverse transcriptase (RT)/RNase H (p66/p51) wag Integrase
(P32)
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foasevitiuly endoplasmic reticulum (ER) ‘léiilu polypeptide #Afiaun <
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Alamanu WaYkIUAs¥LIUATT glycosylation # ER wag golgi network ‘lgitilu
1naTaTudséiu gp160 dufiaune evo Alaaadu dvnandvazgatiaaiaatauland

wagizaaloiy o f&Huldun gp4l Foiflu transmembrane subunit wag gp120
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daflu surface subunit weviemasdiudomadausadu wazgninzldunsalu
envelope zash¥adensriiunisiiandulfduiusszninolana o udia'laun
matrix protein way cytoplasmic domain a9 gp4l ‘lnalaTusduiiazfinig
sgnaudwilu trimersuasfidanuaziilu spike aguuflrzas virionlaafistuiu
spike Us¥unen e spikes siawndly virion

s sufiudn » ufieilu dduatsasuiiaiinnudndud vy
asindnuas IR ldun tatiay rewaiiudndutiatu (Vi vor, vouay nef
Tunnensallidndudviunisindnurashidluvaaanaaas  deiuinevise
3un31 accessory genes waatind'lsAanu lutlatiuininendanswuii ue »
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wauduadifiununaidelunisilasd  wazAILANNSEA
a'lhya'leud  neutralising  antibody  delunsdiuas  HIV  fusiiumiion
neutralising antibodies ‘lufufiaganusiunielsun CD4-binding site diva]
use V3-loop 11a9 gp120, co-receptor binding site uay gp41l wsiatin9'lsAniu
asvinuzaswaudvadsa HIV sugusiauiiavidawlunisvinvmindieudng
asanininmmaasldwuinuauduadanngdoda  HIV - faaauidlunis
neutralisation ifa HIV #flu primary isolate "l6aifi[11-13] wasfoluniniiu
waudvaddrulnadasotuisiafinansdada HIV iy non-neutralizing antibodies
dofufu  virion debris[14]uazfonuanintaudfuafcvnariaragdunuinias
n lunismiuaunsiiawdalussay primary infection Tesazdiulaainin g
anavzadlsinalialusvay  primary  infection Aedunaufi  neutralising
antibodies &u8n[14] uavilddey neutralising antibodies wianiidgiulneid
ANNILHNTsad W ugAaut19ge f neutralising antibodies atjiiee'lifuiin
wihilfurfiausunsalunis neutralisation suanawugisacinofidss&ngan
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‘LumsmuauLLazﬂaoﬁumsﬁmﬁVa HIV ﬁnﬁmmmamﬂﬁadmﬁﬂfuﬁummjaa’
Taaanivatnafie cytotoxic T-lymphocyte (CTL) ataagfiunumadaunin Taad
ndng1uinluszae primary infection ffu Wnnarh¥aluidananasdannaasduns
Winduzas CTL [15]q‘faawaazl,ﬂuua”n§md1 CTL mmsamuaumiﬁmﬁa HIV
atntanigalutiousn uanandifanudninfanuduiusidonniusening
3unan HIV Tui&as wuagdnuiu HIV-specific T cells Tuszag chronic infection
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snfluTlsaifi (Long-term slow progressor) agwuitnismausuaduad CTL sa

v v
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faeuwill [17]bivRnsusndng ulugiidadawingdu CTL Sofiununlunns
flasAunsdadanidudmidauslaide (Highly-exposed persistently
seronegative persons, HEPS) &nsiae[18-21]sandngrudeinaiuiuaizdnosiy
i lunswauniadwiailasdunisdada HIV tuilaqiiudeduudainals
g iaduiifiasmlsenaundnlunisnsesu CTL saldsfiuuag HIV

Ao CTL azfiunuwnardaylunisaiuau HIV wes'lss
wfiafifianuainsalunisnanawusuaundngfidudu  wazluunensdidsnngnisal
Tudnwardinldgnsdiiulsaiariiaas[22] wavh¥anarawugdonalunsedl
Ansandacda HIV aansagravaaliganls [23] adhelsfiany asvaundnain
CTL 6 anaazlildiAndulunnnsdl Taaanizatnefiodia epitope agluvsiiouiis
ANuddsialasvdsvuay HIV [4]Kellerheruaznailsuanaliitiiuin  epitope
§unileiiaguziias p24 (capsid) way restricted wiu HLA-B*2705 dewsiinazilu
immunodominant epitope wusinsnaawugiAadulsiannn  asannuiia
gonaniiludiudrdaylunisdsenauilu capsid vaslia dnwaizuady structural
constraint wfufisiaiAady HLA Afisiaeruinfianuduiusiunisdiulsaian
winlle  aehalsAanlunis@nsnuasaasidaaswudn  HLA-A*1101-restricted
nef-specific epitope ﬁoﬁnwsmafuauao‘luszﬁuqo‘lm{ﬁmLf?mnﬂmn laigunsavin
Tilfim escape mutation ‘16 (Hansasuta, P. et al, manuscript in preparation) e
anatflutwszusnadenandanudrdyaa HIV aulisunsalianisnatiawug e
wiudiendunsediuag HLA-B*2705 wagiar HLA-A*1101 fianuznuinludsyanns
aulnafainazianmsuaunigiduiuuainesassas'lilusawuguas  HIV - 1
szinaatusnalssnding amvlsdanu Asianginiseausguaduasiitdasiu
nsdifistalaladinafintanisuas IFNy Taea ELISpot assay @otiu fiadanflulalls
FANuusITaINTRaLaUaITaansUde  IFNyana'lifmuduiussy  antiviral
pressure 2avy HIV-specific T cell gotlunisiimsgvinnsaauauasuas T cell Tas
A3IAN1s&IY cytokines naraufinarainiuiadiiaseyi antiviral pressure 7
wiaseuay HIV-specific T cell
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ananaiasidaida HIV 31 eo au ananasiaswianiinissi CD4 count
11nn31 300 cells/mm?
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Wedansn o ddiiaifunaiaunlaald EDTA dusrsilasduidan
wdved way Peripheral mononuclear cell (PBMC) Taalal heparin iluang
ilavAuldanudesh

nswen PBMC

11 heparinised blood u1t%a319628 RPMI 1udns&iu e fia @ navanniiy
1i'lduean PBMC 1aal2d3g Ficoll-hypague density-gradient centrifugation
A be asmaaidad dnaasnlduntdansla Trypan blue uaziiulas
NRAIAANTTAU

AsuIaAULLRuaYiU gag 1ae direct sequencing

&AARNA a1 plasma uagiinatuiu gag 1aalyd primer Mnsnzau 1ae
RT-PCRudsanfiwinld@nmarduiuaaanse (direct sequencing) Tae
12fia3a9 automated DNA sequencer
irayaannmsieneaiduiundoensiulindiialadly dusau
aa'ld

Suas1ed T cell response Taesd ELISpot assay wia'lddayanadnis
aausuadidassiu

Jraszinisaauduadare Intracellular cytokine staining

o<
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vumathouaziiudaauiatiu PBMC seagian o WHau dous o uns1AN
b&E&l 9 mo AULNEU bEEN

JiansiadunInaritunas gagseasia o LHauGILE WHNEY b&EEe
fv dueneau b&Ee

aanuUULRL&ILATIEY peptide szaznaN o Waudous natAu §9 Funau
b&EEN

Jiasgvinisaauauasuas T cell 6ae ELISpot s2a2iian ok iiausaus
UNTIAU bEEn 9 JUNAN bEEE

Jngvinisaausduaguad T cell 6ra3a ICS

STEHZNAN o& Waudous JuaN b&&m §9 fgunay e
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dananivlszannsaIgng

NIvlasusTAsasalAsIwIN @& aulaadaiilu typical
progressor (TP) e au viraemic controller (VC) oo Au uay elite controller
AU angalauadaA&ENAT mo thilurma v auuasiundy e Aulldual HIV-
RNA Tuwaiaunasssnine<40 - 1,132,883 copies/ml (median = 9,165
copies/ml) wag CD4+ T cell count atisz1ine 126 - 1,319 cells/cu.mm. (median
= 493 cells/cumm.) aaadasnaTadelilesunisinmiaasulia
(antiretroviral treatment, ART) snaagidaauadalanIUINaITIIN @



A597 @ AITIUEAITAYRUDIANFFTAST

Time since
seroconversion | CD4 counts | CD8 counts pVL
ID | Sex | Age (years) (cells/mm?) | (cells/mm?) | (copies/ml)
HN5 F 28 7 834 942 <40
EC|HN10| F 38 5 670 507 <40
HN31 | M 52 10 470 745 <40
HN1 | M 18 1 878 nat 1,999
HN2 | M 26 3 1,169 1,814 1,175
HN9 | M 43 9 639 nat 936
HN12 | M 27 1 495 791 1,549
VC|HN15| M 30 3 578 1,388 742
HN20 | F 24 3 493 1,104 1,034
PRT | M 19 1 551 633 1,123
HN24 | F 28 9 699 810 151
HN26 | M 51 nat 735 780 1,318
HN30 | M 34 3 1,319 2,232 165
JSM F 36 2 265 1,348 6,569
NOT | M 27 4 195 624 16,925
VKJ F 29 3 381 1,313 154,253
SUL | M 45 4 493 896 5,385
RSR F 42 4 187 974 503,411
KRR F 37 6 126 743 88,597
TP syy | F | 49 12 368 1,104 9,540
HN21 | M 44 3 881 1,222 299,077
PNN F 33 10 319 2,008 5,728
HN16 | M 21 1 561 1,148 12,231
HN22 | M 26 1.5 754 785 4,612
CHL F 66 13 448 nat 3,993
NKM | M 37 12 173 nat 112,042
TBT | M 21 2 185 nat 4,973
PPK F 40 4 219 nat 43,061
UKY F 33 8 249 nat 309,949
HN8 F 36 1 659 nat 230,942
HN17 | F 28 1 325 382 10,961
HN18 | F 30 1 385 823 51,900
HN19 | M 26 2 519 1,338 17,313
HNN5 | M 29 2 375 1,259 27,487
HNN7 | M 23 1 525 1,003 30,145
HN3 F 24 1 452 521 3,307
HN7 | M 23 3 540 582 12,501
HN11 | F 58 5 450 865 3,094

lwe




Sex | Age se:;?oems:r(;?on Cb4 count3s cbs count3s '.JVL
ID (years) (cells/mm?) | (cells/mm?) | (copies/ml)
HN14 | F 28 1 551 694 32,744
HN23 | M | 35 1 427 1,029 3,312
HNN4 | F 34 5 187 550 1,132,883
HN25 | F 27 0.5 622 1,172 5,689
HN27 | M | 24 0.5 855 1,489 8,790
HN28 | M 490 979 58,523
HN29 | M 428 663 31,329

nat Not available

Zaya Human Leucocyte Antigen class I (HLA-I) Tuairaiasins

HLA-I L’ﬂu‘iuLaﬂaﬁqnswmu'jwﬁﬂgmdwﬁmLLazﬁ
ANuFuRuslunisaIuAulsIna HIV-RNA uasnadnguasnisiiaiifa HIV Tungu
ivugratadaunazndunfvuguansan  fidadesdasnisitseviinlugfiaiiia
duoflunauandiugandeu  (Tesldaulnadudiunu) sddneasanuduius
229 HLA-T uazaismiuau HIV-RNA ifiaumsauansivanniaagn’lisnasiulu
AevugaunIa‘liacels luaiwsinuas HLA-A locus wa? HLA-A*11 fiarud
FIFATAaNWUEY vo Llasiduduavanaainssavasuniilu  HLA-A*24 (42.5%)
HLA-A*02 (25%) way HLA-A*33 (20%) enuaiauainiy HLA-B locus iy HLA-
B*15 fiunniiga (35%) savavuilu HLA-B*40 (30%) HLA-B*27 (20%) uag
HLA-B*58 (20%) euadulungu HLA-C locus 1iu HLA-C*07 danudgegn
(45%) savasunilu HLA-C*03 (35%) uway HLA-C*01 (22.5%) euaieu
Taasaaauadtaya HLA nangnans e o Lagsdanm e - o

olo



A15199 1o daya HLA aava&&iiAs

ID HLA-A alleles HLA-B alleles HLA-C alleles
HN5 2402 1101 150201 4001 030301 080101
EC | HN10 2402 1101 5401 4001 0102 0304
HN31 nat nat nat nat nat nat
HN1 2402 1101 130101 2705 20202 0403
HN2 0302 110101 080101 2706 0304 0702
HN9 110101 310102 3501 4001 0303 0702
HN12 0101 1101 5701 1801 0602 0701
VC | HN15 0206 1102 270401 400601 0801 1202
HN20 110101 110101 150201 460101 010201 080101
PRT 110101 110253 5201 2704 070201 120202
HN24 0101 0206 5701 4002 0304 0602
HN26 0203 1101 4601 4601 0102 0102
HN30 nat nat nat nat nat nat
JSM 1101 2410 1802 2704 nat nat
NOT 0206 1102 2704 3701 0602 1202
VKJ 1101 3303 1301 5801 nat nat
SUL 1101 3303 1502 5801 0302 0801
RSR 3101 3303 5102 5801 0302 1502
KRR 2402 3303 3802 5801 0302 0702
TP | SYY 3303 3303 5801 5801 0302 0302
HN21 260101 1102 3901 2704 070201 120202
PNN 2402 3303 2706 5801 0302 0702
HN16 110101 330301 580101 4001 0302 0702
HN22 0101 1101 5201 5701 060201 070201
CHL 0201 0207 5201 5603 0102 1202
NKM 2402 2402 1501 4002 0401 0702
TBT 0203 1101 4001 4001 0304 0702
PPK 2407 2407 3505 4601 nat nat
UKY 1101 1101 1301 4601 0102 0406
HNS8 0201 1101 150201 460101 010201 080101
HN17 0203 0207 1525 4002 0304 0702
HN18 0207 2407 1502 4601 0102 080101
HN19 0207 0207 4001 4601 0102 0702
HNN5 | 24020101 2407 150201 3901 0403 080101
HNN7 2402 1101 5401 400601 010201 070201
TP | HN3 2407 1103 150201 370101 0602 0801
HN7 2407 340101 150201 1535 0702 0801
HN11 340101 300101 130201 1535 060201 070201
HN14 2402 1101 150201 150201 080101 080101
HN23 2402 6801 1505 1513 0801 1602
HNN4 2410 3301 5801 1802 0302 0704
HN25 1101 1101 3802 4006 0702 1502
HN27 nat nat nat nat nat nat
HN28 nat nat nat nat nat nat
HN29 nat nat nat nat nat nat

nat Not available
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A5 iauiladuiatadnanalsuias HIV-RNA tuaiaiasins

uﬂaar;mmﬂ‘ﬂsumsmmzmNamamsmnﬂumsmmmmu

a9 HIV mmmmwmvu”maomsmL?jal,l,avﬂsmm CD4+/CD8+ T cells & u5u
mﬂuuwm'mau EC uawmﬂmmsaoaammu TP wasVC usimnuuanenadllaid
uﬂmﬂmmaanmwjummnmwmsvﬂvmmm?jau,avﬂsmm CD8+ T cells ﬁaaﬂmu
ANusvatndienldun CD4+ T cells 1 VC flannnin TP (15199 o wazslil «)

AN o MsdrauvisuiladaiarafinananisaiuauadtiNIUIUAa9 HIV

CD8* Tcell | CD4* T cell Plasma
Age Sex Years after
Groups ;i - counts counts HIV-1 load
(years) | (M:F) | seroconversion (cells/mm?) | (cells/mm®) | (copies/ml)
Elite 38 1:2 7 745 670 <40
controllers | (28-52) (5-10) (507-942) (470-834)
(EC)
Viraemic 27.5 8:2 3 957 669 1,079
controllers | (18-51) (1-9) (633-2,232) | (493-1,319) | (151-1,900)
(Vo)
Typical 33 15:17 2.5 976.5 427.5 17,119
progressor | (21-66) (0.5-13) (382-2,008) (126-881) (3,094-
s (TP) 1,132,883)

loe




CD4* T cell count

"E 1500+ p = 0.0006
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Plasma HIV load
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7 p = 0.005
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MnSauniaunadwsvacnsamida tua1a1aia 5374 HLA protective allele (PA)
wfsawniaudvaia1aias i lud protective allele (nPA)

v alal

Wa ﬂmn'mﬂ'summmmnu protectlve HLA alleles tau
HLA-B*27, -B*57 uwaz -B*58 dofisnanuinfianuduiusiy good clinical
outcome waWuINTUNFUTAS protective alleles (PA) fidsunen CD4+ T cell count
wazdsunahsaluuansivannngun'liufd protective alleles (nPA) (a1519 &) Tu
Aau PA wuidl HLA-B*27 {1uiu & auway HLA-B*57/58 d1uiu ee AU ({348
ia HLA-B*57 way HLA-B*58 arlunauidienifiasanaaauiifinng binding a9
epitope) mm]sr;mmm.lwaaw'ﬁmaﬂauﬂmnmﬂmuﬂusv umsmmﬂa WRY
daynanvlszannsmansaug (a9 &) wwwigar CD8+ T cell count uii PA

A§INIINPA atvfidad 1Ay vsif

61'1‘3"1\1‘1/I c wauamaﬂs”mnsm&m 514‘]

Groups Age Sex Years after CD8* Tcell | CD4™ T cell Plasma
(years) | (M:F) seroconversion counts counts HIV-1
(cells/mm?3) | (cells/mm?3) load
(copies/ml)
Subjects
with 5,728
protective- | .20 10:9 3 1,104 493 (151-
allele(s) (18-49) (1-12) (550-2,232) (126-1,319) 1,132,883)
(PA)
Subjects
without 14,137
protective- 29_'5 12:10 1 %65 4? 1 (936-
aIIeIe(s) (19-66) (0.5-13) (382-1,489) (173-855) 309,949)
(nPA)

&




Primers &wisuarsiinauau HIV-1 gag p24

nsnasdluiignsanulinarlugiutaya

fuuaiin

HIV-1

saRugszunatulssnainadonaiu
CRF_01AE wsdisuunnisaashsaiinsiddsundasldZaagduoiiuununaziiaisu

va o o2

APElR

avinmsitaneviniluéniia

faqfuiiafiaglaadunsaasdunaslisiiu gag p24 Miusnewugiunwsvaraly
ilRqusinunuguadnIsuuayg primers laaslliluasen &

A5 WN & ANTETUEILKUYUAY primers

Forward Binding Reverse | Binding Positon
primers position Primers (CM240)
(CM240)
Outerl 276-297 Outerl 1951-1972
Outer2 169-195 Outer2 2401-2423
Outer3 304-321 Outer3 1652-1669
Inner 640-659 Inner 1552-1571




ANTILATITiNITRauRuaIuay gag p24-specific T cells 1aer ELISpot assay

Tuaad@TATiIN <& aufiey @ awviiuilifinisaausuasuas o auly
Fudiilu elite controller uazdn o aulilu typical progressor (HN7)

@. AIAAUAURYUAY typical progressor (TP) flauf3euAsufuviraemic
controller (VC)

TUAWTINWLINANNATIvARINTRauFUaY (breadth of response) 2adis v N|YN
lLufianuuanevdudiniuanuuszanIseauauadwun Ve fuwlunininig
pauauasgendt TP vvluwduay cumulative was median magnitude of
response (A15191 o)

AT © WanITIATEnITnausuaInay gag-p24-specific T cells Tu TP uay VC

Typical Viraemic
progressors controllers (VC)
(TP)
Breadth (OLP) 3(1-6) 3(1-9)
Cumulative 1755 2748
(SF“l]?gg'st:gﬁdc) (322-7913) (644-16098)
Median magnitude 542 684.5

(SFU/10° PBMC) (98.75-2490) (205-1855)

. AsilFauiaunisaauduadssnIvadalns TP way VC il protective HLA
allele wnsiaudu

. ANUATIVLRTANNLIVLAINIAaLAUaYLaY T cell fiuagjfu
HLA alleles 7atludszannsaviiunisulauiauny o Tadalvuiutrdniusdas
Jinnsvinsnauduadrasdasnanlutiunaay HLA - allele  dendulungu
and AN HLA-B*27 wui pVL Tunau VC enndn TP dszanar eo win (p
<0.05) uag CD4+ T cell count Tungu VC duuTiugenin TP we'lufivdaddsy
megdansnauduaduad T cells Auwdidn VC asfiwun1uuind breadth wag
cumulative maginitude of response A1 TP ue'lufivadAgynvgiia ngu
anaadasnid HLA-B*57/58 ngu VC fi CD4+ count genuazdl pvVL sininngu
TP adefiffaddynadddviunisnausuadaas T cells vie breadth uay
cumulative magnitude of response uay VC gund1 TP ua'lifitasagyn1osi
(0151 ey, 5UN & waygUn »)



A5 197 @ nsleuisuniseauauasuas T cells Tu TP way VC ifl protective

HLA allele ¥ matched fu

HLA-B*27 group

HLA-B*57/58 group

TP (4) VC (4) TP (9) VC (3)
Age (years) 34.5 (27- 25 (19-30) | 34 (21-49) | 28 (27-34)
44)
HIV-1 duration (years) 3.5 (2-10) 3 (2-3) 4 (1.5-12) 2 (1-3)
CD4" T cell counts 292 728 368 699
(cells/mm?) (195-881) | (493-1,169) | (126-658) (495-
1,319)*
CD8" T cell counts 1285 1388 974 810
(cells/mm?) (624- (1,104- (550-2,008) | (791-2,232)
2,008) 1,814)
Plasma HIV-1 load 11,747 1,104.5 12,231 165
(copies/ml) (5,728- (742- (3,026- (151-
299,077) 1,900)* 1,132,883) 1,549)**
p24 breadth of 2 (2-4) 7.5 (2-9) 2 (1-6) 4 (1-8)
responses
(no of OLPs)
p24 cumulative 1,779 10,241 1,496 2,440
magnitude of responses (719.5- (1,024- (542-7,913) | (644-3,056)
(SFU/10° PBMC) 1,804) 16,098)
p24 median magnitude 889.3 769 542 644
of responses (SFU/10° | (167.3-902) | (512-1,149) (98.75- (205-725)
PBMCQC) 1,445)
Breadth of specific HLA- natt natt 2 (0-4) 3(2-4)
I allele restricted
epitopes responses (no
of EPs) T
Median magnitude of 1,109 2,112 987 586
specific HLA-I allele (0-2,547.5) | (0-5,834) (0-3,435) (483-751)
restricted epitopes
responses (SFU/10°
PBMCQC)
Cumulative magnitude natt natt 1,860 2,338
of specific HLA-I allele (0-4058) (966-3,678)

restricted epitopes
responses
(SFU/10° PBMC)

*p value < 0.05, ** p value < 0.01,
t HLA-B27-restricted epitope: KRWIILGLNK, KK10;
tHLA-B57/58-restricted epitopes: LSPRTLNAW, LW9; KGFNPEVIPMF, KF11;

ETINEEAEW, EW10; QATQEVKNW, QW9; GTGATLEEM, GM9 and TSTLQEQIGW,

TW10

t1 not analyzed, only 1 HLA-B27 restricted epitope tested in this study

olo
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5UdN & asud3auviay clinical outcome aavaa&ias VC way TP

Afl HLA allele 1dieaAu (HLA-B*27)
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o. MsItAgnANaaInITnaudguaduad T cells Tu TP uay VC

KIae'l6vinn15 optimization anseian cytokine aael

u,aumuammwamuamlumswm @@

uan:nnummt‘ﬂsm‘umammsamswm’tumiam/iLLﬂnaanm

i (fresh) wazlulaaaisinunnsuaude (frozen) LLaszawamsmmaaommmam B

Siarziesndulavinnisinszilaalafigasainanui Trnainue

A15191 & Waagin1s Optimisation

Antibodies Recommended | Optimal | Optimal
volumes (1X) titers | volumes
APC-H7-conjugated anti- 5ul 1/2X 2.5 ul
human CD3 monoclonal
antibody (Beckton Dickinson)
Pacific blue-conjugated anti- 20 pl 1/16X 1.25 pl
human CD8 monoclonal
antibody (Biolegend)
PE-Cy5-conjugated anti- 5l 1/4X 1.25 pl
human CD107a monoclonal
antibody (Beckton Dickinson)
FITC-conjugated anti-human 20 pl 1X 20 pl
IL-2 monoclonal antibody
(Biolegend)
APC-conjugated anti-human 5l 1X 5l
TNF-a monoclonal antibody
(Biolegend)
PE-Cy7-conjugated anti- 5ul 1X 5ul
human IFN-y monoclonal
antibody (Biolegend)
PE-conjugated anti-human 5ul 1/8X 0.5 pl

MIP1-B monoclonal antibody
(Beckton Dickinson)




Functional quality of HIV-1 Gag p24-speciﬁc-CD8+ T cell responses

1300 - Wfrozen
1200 - m fresh

5U7 o nstlsaun1siieseud cytokine analuaiaa (intracellular cytokine
staining, ICS) Tuaanuanunlu (fresh) Aulaaasiunisurdude (frozen)

Mo



HIvavinnsiesnzinauawaadnisaausuaduad T cells
1an38  Intracellular cytokine staining (ICS) Jwaszuinisdoiasizd MIP-1B,
IFNy, TNF-g, IL-2 uaz CD107a T cells niinnsudavaanuay markers ianiilu
wfaaLaeAusanindpolyfunctional T-cell response definangiuiniluinasng
ALANALRZTIAMNRUNUSAUATAILANANTGAALLA HIV Watdsauiiay
polyfunctional T cells Tundu VC uag TP (a9 «) wuddl functional
phenotype at o 2ufiavl VC uay TP fianuuansivAuatnadasdagyniodic lewn
@) cell phenotype "ifiasu & functions ) cell phenotype i « functions tawe
iaanfinisugavaanuay MIP-1B, IFNy, TNF-auay CD107a uaz o) cell

phenotype ﬁlﬁ o functions awzigaaniinsuaavaanuay MIP-1B3, TNF-auag
CD107a (5UN & uay «)

A5 o sadaanadiAswayr HLA-alleles Tun1sivase T cell functional
quality

Typical Progressors (TP) Viraemic Controllers (VC)
ID Protective HLA-I ID Protective HLA-I
alleles’ alleles

HN3 None"" HN2 HLA-B*2706
HN11 None HN12 HLA-B*5701
HN18 None HN15 HLA-B*2704
HN19 None HN20 HLA-B*2704
HN21 HLA-B*2704 HN24 HLA-B*5701
HNN4 HLA-B*5801 HN26 HLA-B*4601
JSM HLA-B*2704 HN30 HLA-B*5801
NOT HLA-B*2704 PRT None
PNN HLA-B*2706/B*5801

RSR HLA-B*5801

SUL HLA-B*5801

VK] HLA-B*5801

" indicated that this individual was positive for one or more of the 3 protective
HLA-I alleles, which included HLA-B*27, -B*57 and -B*58, ™ indicated that
this individual was negative for all of the 3 protective HLA-I alleles.
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Comparison of functional quality of
HIV-1 Gag p24-specific-CD8+ T cell
responsesbetween TP and VC
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Bar Chart Legend
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<.M5iengiaaun W T cells mnmmaﬂl’ﬂsﬁﬁ HLA-matched alleles
dutdendunaraniag inaldaitnsgy T-cell response

Taa ELISpot assay #3daladdtassviisauvisunauninaas T cells suvnaila

ICS uwazuFauinulunguansnaiasiid HLA allele(s) wisiaudulaaazuioiilu

nsiaeilungu VC/TP it HLA-B*27 uagnau VC/TP i HLA-B*57/58

d.0 AaAIWaaINsaauduasuay T cells Tuananaiias VC uag TP A HLA-B*27
VC fargdauiviasniuadaiifalussasnanindidasdudlsuna CD4+ T cells
a9 VC fianunnnit TP tAau b 1vi1 (01997 eo) wuag pVL dvdullssuna e log
(73U @0) uasliadiasizu T-cell functional quality wudn functional T cells wad
VC &huluaifinnnndt TP uazanuuaneviifidusrdglu cell phenotype nfiasu
& functions (511 ee WY ) atvlsAau T-cell functional quality iwuluns
ﬁmgwﬁﬁauuﬁwﬁmammnwamaomsmaulauaaﬁl,ﬂu non-HLA-B*27 restriction
avtuEITaIvAATIsinaLn Iwaas T cells ngnnssiuala KK10 epitope Miinaua
Tae HLA-B*27 wanisiasevfiwuin functional T cells anLiudilaasy 5
functions aav TP flsunalndifaedu VC uadwiu phenotype wdiasu «
functions VC fiunnni1 TP atefitiad1Agyn9dia (5UN oo LA o)

AN 197 o dnErazuadIaN & TAT VC uay TP 7l HLA-B*27

Demographic data TP (4) VvC (3)
Age (years) 34.5 (27-44) 26 (24-30)
Years after seroconversion 3.5 (2-10) 3(3)
CD4" T cell count (cells/mm?3) 292 (195-881) 578 (493-1169)
CD8™ T cell count (cells/ mm?) 1285 (624-2008) 1388 (1104-1814)
Plasma HIV-1 load 11747 (5728- 1034 (742-1175)"
(copies/ml) 299077)

" Difference in pVL was significant when all 4 HLA-B*27 positive TP were
compared with 4 HLA-B*27 positive VC (11747 vs. 1104.5, p = 0.0286,)
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<.l AaWEaInIsRausuavaay T cells tuasadns VC uaz TP il HLA-
B*57/58 VC fiangaaudiviaanin TP datfauiunin VC i@nvaawe ' laifilas 1Ay
naialsuna CD4+ T cells wav VC fidunnadl TP b wihuasidadagynig
866 (01997 ee) uagpVluas TP a1l VC b log (3UN o&) uazilaitasz
T-cell functional quality wudr T cells 7ifi function < e functions 2ay TP i
unnd VC uay T cells niil & way & functions uav VC finnandn TP laawuau
uaneviififasAgylu cell phenotype Mifiasu « functions (3UN e% way ew)
adv'lsAnudennauualnesu T-cell functional quality Awulunisiaszu
rimguﬁ'lﬁmama'mNawaomsmanauaaﬁtﬂu non-HLA-B*57/58  restriction
euliupIFadviansinaninaad T cells Niganszsuale epitopes Minlgualag
HLA-B*57/58 wan1sitasgyidiwuin  functional T cells aniudiiaasy 5
functions aav TP flsunalndifaedu VC uadwiu phenotype diasu «&
functions VC fiunnnin TP adefitiag1Agynedia (5UN o Uae o)

A5 97 e dnvalzuavanaaTAT VC way TP sl HLA-B*57/58

Demographic data TP (5) VC (3)
Age (years) 34 (29-47) 28 (27-34)
Years after 4 (3-10) 3(1-9)

seroconversion

CD4* T cell counts 319 (187-493) 699 (495-1,319)*
(cells/mm?)

CD8™ T cell counts 974 (550-2,008) 810 (791-2,232)
(cells/mm?)

Plasma HIV-1 load 154,253 (5385- 165 (151-1,549)**
(copies/ml) 1,132,883)
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».  ANUUAINUANLUAY  epitopes  Tigataualan  HLA Afanuduwusdiu
ANusalunsaiuan HIV replication (HLA-B*27 uay HLA-B57/58) uay
HLA nwu'lddaaluauineg (HLA-A*11)

pIvafiguudgIuInnsaausuaduay T cells muﬂsvﬁmﬁmw
s1deyAvihviune wia epitope wag T cells Hfu Iaadn T cells 5u3 epitope 7
mmmﬂmma‘iﬂsoaﬂwaahsa NsAALAURTUATANNITAAILANANSIRNTIUIY
229 HIV 1diflasanhsainarawugusnaididyiianaunisaausuasdonan
Agfianuinisuaslasdsualinlignisan replicative fitness mw‘l‘vmﬂsmcu:
HIV plasma load 6h wazfinissifiuzasisanag Wie'lalRan epltopes i
g uari1u HLA-B*27 uay HLA-B*57/58 (iludratinvuag epitope maﬂnsnmu
AmNuEIdysaTsavrvnasidsiu gag & sy epitope KK10 (KRWIILGLNK) 7
iaualae HLA-B*27 wuin epitope #lifinsnanawugiiadu afunaldin’s
nweneunauifuduatana atugus lugsainawulea  wiatiuanuule
Uasunfowuus wild type KK10 epitope lunsdiuag epitopes wag HLA-
B*57/58 dufivianer  epitopes ‘leun  EW10 (ETINEEAAEW), KF11
(KGFNPEVIPMF), QW9 (QATQEVKNW) uag LW9 (LSPRTLNAW) NINEWUIN
ANsnaIaWuUguad epitopes wu'letadu QW9 mumLmuom (3} Lﬂaﬂua'm Tiflu s
wagawnugsaIgavine (N) Lﬂaﬂutﬂu Qviza KF11 7 G an.6inumiie o tldeuily
A ugl epitope variations venuafiiilu cross-reactive epitopes dotiugolaitaiilu
msnmﬂwuﬁmLfm:nnm‘mmLaanwuﬁimﬂmmanauaomu T cells Tuns
Suae AK11 Aflu epitope szjau”n,auamu HLA-A*11 uuum‘wwnmsmauauao
Aaudege A'liwunsnarawugidudu fotfufimau il epitope usi
\lu target mawmmmuau KK10 usiiluiisindoinadn tuananasiasid HLA-A*11
1vAuieqd conserved AK11 epitope uwa'lifinsaausguad Tlunsedifia1asiad
asdnena’lalunis ‘silence’ Asmausuavuay AK11-specific T-cell response
aa'll
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Donor ACQGVGGPSHK | CD4 count HIV load SFU/a million PBMC
HN14 ACQGVGGPSHK 551 32744 Non response
ACQGVGGPSHK 487 18301 Non response
ACQGVGGPSHK 528 656 Non response
HN16 Not done 519 33851 Non response
HN22 Not done 658 3026 Non response
HN5 Not done 624 105 Non response
HN10 Not done 647 1032 Non response
HN26 Not done 783 419 Non response
HN21 Not done 771 202728 Non response
HN13 SCQGVGGPSHK 1051 2434 1692
HN12 ACQGVGGPSHK 464 6514 596
HN20 ACQGVGGPSHK 653 32899 1567
HN2 Not done 1261 682 2114
HN41 Not done 712 151 1276
HN47 Not done 707 979 514
HN25 Not done 641 6053 426
HN28 ACQGVGGPSHK 490 58523 1018
HN32 ACQGVGGPSHK 779 9599 106
PRT Not done 543 13298 1108
HN34 Not done 886 443105 196
Donor KRWIILGLNK | CD4 count HIV load SFU/a million PBMC
HN20 KRWIILGLNK 653 32899 2955
HN15 Not done 578 742 860
HN21 Not done 771 202728 1240
HN1 Not done 878 2472 Non response
HN2 Not done 1261 682 Non response
Donor LSPRTLNAW CD4 count HIV load SFU/a million PBMC HLA
HN22 LSPRTLNAW 658 3026 1196 B57
HN24 Not done 837 158 1146 B57
HN30 Not done 1310 20 1378 B57
Donor KGFNPEVIPMF | CD4 count HIV load SFU/a million PBMC HLA
HN12 KGFNPEVIPMF 464 6514 182 B57
HN16 KGFNPEVIPMF 519 33851 1144 B58
KGFNPEVIPMF 403 51887 1856
HN40 KAFNPEVIPMF 956 8972 134 B58
HN48 KGFNPEVIPMF 731 96369 668 Not done
HN24 Not done 837 158 332 B57
HN30 Not done 1310 20 466 B57
Donor ETINEEAAEW | CD4 count HIV load | SFU/a million PBMC HLA
HN42 ETINEEAAEW 543 1400 874 Not done
HN16 ETINEEAAEW 403 51887 132 B58

&8




Donor QATQEVKNW | CD4 count | HIVlioad | SFU/a million PBMC HLA
HN12 QATQEVKQW 464 6514 228 B57
HN16 QATQEVKQW 519 33851 1650 B58

QATQEVKQW 403 51887 1340
HN40 QASQEVKNW 956 8972 152 B58
HN24 Not done 837 158 332 B57
HN30 Not done 1310 20 196 B57

Donor GTGATLEEM CD4 count HIV load SFU/a million PBMC HLA
HN59 Not done 374 33096 134 Not done
Donor TSTLQEQIGW | CD4 count | HIVioad | SFU/a million PBMC HLA
HN12 TSNLQEQIGW 464 6514 384 B57
HN30 Not done 1310 20 264 B57
HN22 Not done 658 3026 1014 B57
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Tun1s@nmfiwudn protective allele ‘Li'léfinasia clinical
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