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~t1vi Gl ~~~1'U"lJ£l\! HLA-A alleles L'U£llt'llt'llrA'J 

~t1vi l!l ~~~1'U"lJ£l\! HLA-B alleles L'U£llt'llt'llrA'J 

~t1vi "" ~~~1'U"lJ£l\! HLA-C alleles L'U£llt'llt'llrA'J 

~t1vi d .fI1WLLt'l~\!fll'JLtI~[JlJLti1[J11t1'lJlru CD4+ T cells LL~~ 

H1V-RNA L'U£llt'llt'llrA'J 

~t1vi (f 	fll'JL~[JlJLti1[J11 clinical outcome "lJ£l\!£llt'llt'llrA':i VC LL~~ TP 

viii HLA allele LGl[J1n'U (HLA-B*27) 

ltlvi't> fll'JLm[J11Lti1[J11 clinical outcome "lJ£l\!£llt'llt'llrA'J VC LL~~ TP 

viiJ HLA allele LGl[J1n'U (HLA-B*57/58) 

~t1vi t'lJ fll'JL~mJfll'J'hA'Jl~'\tf cytokine .fI1[JL'UL"li~~ (intracellular 

cytokine staining, 1CS) L'UL"li~~viLL[JfllJ1L'VIlJ (fresh) n11L"li~~vi 

~t1vi GlO 	 t1'lJlru H1V-RNA (pVL) "lJ£l\!£llt'llt'llrA'J VC LL~~ TP vl;:] HLA-B*27 do 

ltlvi GlGl LL~~ Gll!l fll'JLtI~[J11 Lti1 [J11 functional quality "lJ£l\! VC LL~~ TP 

viiJ HLA-B*27 dGl 
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~l.lvi GI~ l.l~l.Jlru HIV-RNA (pVL) ~elJell~l~lJA~ VC LL~~ TP vill 

HLA-B*57/58 

11.lvi 	GI~ LL~~ GIlX' nl~Ll.l'i£.J1JLVI£.J1J functional quality ~elJ VC LL~~ TP mel 

epitopes vi presented L~£.J HLA-B*57/58 ct~ 

11.lvi 	l!)o Polyfunctional T cells ~1l.Jl~nA11J~l.J HIV replication LL~~ 
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tUfn~wGlJ'\.n1A.z1u HIV L~l~l LilUGfehlijA1llJ~1un ~'1.n nl';iUeJ\I 
nl';iGl~LifeJ'1.1~Glt1iil~iltieJUnl';iA n'aljJil\'flJ nutut:fGl~ L ifeJ HIV ~ijA1;lJGltllJl';iCl tunl';i 

A11JFllJ1.I'lJlrn HIV '1.Gf~llJfi';i';ilJ1ilGlei1\1ij1.l~lJlrn HIV-RNA UmJf11l IDOOO 

copiesjml Glt'fl\1LeJ nl Glttunl~~ LA';il::l.fLL~::AU'V111l n ~ '1. n eJ::'1.~~vhhft:fGl~L ifeJ L 'VI ~lU 
GltllJl';iClA11JFllJ'1.1~Glt'1.6f 

t:!'~[J~1JGltlJA';it:f~A11JFllJ'1.1~Glt'1.GfGi (viraemic controllers, VC) 
~lU1U 6)M AU LL~~t:f~A11JFllJ'1.1~Glt'1.Gf~llJ1.InGl (typical progressor, TP) MID AU 

mGltlGltl1A';i'VJn';il[J'1.~1'1Jnl'l~LA';il::l.f complete blood count, CD4 LL~:: CD8 
~~eJ~~u1.I'lJlrn plasma HIV-RNA t:f~~[J~LA';il::l.f~1~1J n~~ eJ~;JLU"lJ eJ\lL1.I';iGlu p24 
~ln mGltlGltl1A~~lu1U 6)0 ~l m ~eJ t1i1Unl';iGlt'fl\1 consensus "lJ eJ\I '1.1~GltIGltlJ[Jt'VIli" 
LL~:: overlapping peptide (OlP) 'IIh{lU~1LL'VIU"lJeJ\lL1.I';iGlU p24 ~ln HIV ~ijnl';iLLVl1 
~::1Jl~tull~~1!u nl';i~LA';il::l.f T-cell response GleJ OlP 'VI~eJ epitope vllL~m'VIAilA 
IFNy ELISpot assay 

nl~An'alUifhfL~Ull nl~ij protective allele ~LA[J';i~1.!'1.11u 
m';iAn'al ~u '1.li'1.6fnl~UGlllAuliu~::ijnl';iA11JAlJ'1.1~Glt~GiLGltlJ eJ '1.1.1 tUAu'1. 'VI[J LL~~~ 
'7l~L~U'1.GfLLti HLA-B58 ei1\1tieJU'VIU1UL{lU~[JeJ~~1J11L{lU protective allele tu 

m';iAn'alU 'VJ nAu~ij allele ~\I n~11'1.liijA1llJ GltllJl~Cltunl~A11J'"llJ'1.1~Gltmh\lij 
1.I~::~'VIfi.nlVl LL~::()n~~eJrjtun~lJ TP HLA-All Liju HLA allele ~Vl1JlJln~~~tu 
eJ1GltlGltlJA';iLLGl'1.liij ~ ~tunl';iA11J'"llJ'1.1~GltLLGl1.l~~nl';it~ A1llJ nil\1 LL~~A1llJ LL ';i\l"lJ eJ\I 

m';i~eJ1JGltueJ\I"lJeJ\I T cell ilA1llJtmiL~[J\lnutun~lJ VC LL~:: TP (542 vs. 685 
SFUjl06 PBMC) LL~::Lfjmm[J1JLVI[J1JtuAu~il PA 1iil~LGi[J1nu Vl1JllA1llJLL~\I"lJeJ\I 
m';i~ eJ1J GltUeJ\I n'1.liil A1llJLL~ nGll\1 eJ dl\1ijU[J ~l~C\!'VI1\1 Glt l'Gl L"liunu L~W:i1lTfi[J§lU"lJ eJ\I 

m';i~eJ1JGltueJ\ltu VCjTP ~il HLA-B27 ~eJ 889 LL~~ 769 SFUjl06 PBMC LL~~~i1lTfi[J 
§lU"lJeJ\lnl~~eJ1JGltUeJ\ltu VCjTP ~il HLA-B27 ~eJ 542 LL~~ 644 SFUjl06 PBMC 

nl';iA n'alU.flhfL~Ull nl';i~LA';il ~l.fn ~ '1. n t Unl';iA11J A11J'"llJ nl';i 

G)~LifeJ HIV ~lL{lu6feJ\lvllhfn~lJ1.I';i::1iln';i~il immunogenetic LL~~Gltl[J'WUtf11~Glt~ 
'VI~ln'VI~l [J "lfeJlJ~~l nnl'jAn'altUAmAL.z1[Ju~~1ut'VIf\iLLfi1Gl~ LifeJ HIV subtype 
A1';i'1.~1'1J nl'jGlA1llJ Gf1 [JA1llJ~~lJ~';i::1\1 UeJ n ~l nil c-J~~[Jfr\lVl1J ~nllA1llJ LL'j\l 

( magnitude) "lJ eJ\I nl'j~ eJ1J GltUeJ\I LLGl L'W [J\I eJ dl\1 LGi [J1 eJl ~ '1.liVl eJ tun1 ';iA 11J'"llJ nl'jGl~ LifeJ 

HIV ~'~[J~::'1.6f~LA'jl~l.f'"lrn.nlVl"lJeJ\I T cells tunl'jAn'al';i::[J::f1~'1.1.I 
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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 Virolog~ Department ofMicrobiolog~ Faculty ofMedicine, 
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 anti retrovi ral 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-(3 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-8*27, -8*57 and ­
8*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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UVlUl 

L'JA Lu(;l ~LtI'Ulf(\J~l ~ltil'Jru~'lJvI~lA(\J'lJeh'V] m.h~LVI~ eh'Atll'J 

UNAIDS '1.~lh~lJl ru1111 ~m(;l L-ne:l1h~l!l ru Me<'. a: C'i'1'UA'U,x1L,m LL~~t'U~lU1'U\htl'U~ 

~(;lL-nut'ULe:lL"i1tJ(;l~r'UelUm~tJ\lt~t1,)~lJl ru MI. ~ C'i'l'UA'U ~l~~UtI'J~LVI~'1.VI tJA1(;l1111~ 

~(;lL-nU LL~~£T\l1l-n1(;l u rJtI'J~lJl ru ~ LL~'U ~\l Gl C'i'l'UA'U ~\l LL1I11lf~·;!1r'U~~lltJl~1'U'1.1~~ 

LL~~vilhf~m(;l L -null-n'l(;l U'UtJ111I'U LL~lf(\J~l'lJ u\lfll'J~u Gf HIV L(;l tJhrtll~1'U'1.1~~n£T\l 

llurJlJlfl'Wu~lJA1'J lff\l~l m c::htl'1.~LLri ')lAltll [1] ~~"lfl\l L~tJ\l'llf\lt 'U')~tJ~i'U LL~~'J~tJ~ 

tIl1[2] (;l~u(;l~UL!lu'1.1~~Gfu tJlvluuru~~LtI'Ulf(\J~llJl fllI'U[3] (;)\ltr'U Vll\luufl'lJu\l 

fll'JLLnlf(\J~l L~u\lL 'JA Lu(;l~mh\l rY\l U'Util~~LtI'Ufll,)'W~'UlrAri1'UL vJ u hi1'Ufll')uu\ln'U 

L ')A Lu (;l~ 

rAri1'UU u\l n'Ufll'Jm(;l L!lu '1.1~~t'UuG)(;ltl'J~~UA11lJ ~l L~~Au'U"lfl\l 

Jl tJ(;ll tJ Lt'1u\l~l firAri1'UL~ ~ltlL{I'UrAri1'Uvihj'iJu\l n'U'1.1~~"llil(;l vi ~llJl')tlfl')~G'f'Ut~L" (;l 

n!iAlJ n'U(;lllJti,)'JlJ"lll m LL~ ~l~~Ufll'J'W~'UlrAri1'UU u\l n'UL 'JA Lu(;l ~ul~ q\l tJl fI fl11,x'U 

~lL~qvl ~lA(\J'1.~LLri HIV '1.l.i fI'J~G'f'Uh.fL" (;ljJ!iFflJn'U(;lllJti'J,)lJ"lll m t 'UA11lJ L{I'U~~\l LLC'i'1 

UfI'lVl til ~l ~(;lf1.l.i LA tJ'WutA'JL~ tJvi Lil u~(;l L!lu HIV LLC'i'1 ~llJl')tl fil~(;l L!lu u u fI '1.t1~lfl 

11\l flltJ'1.~ (;)\l,x'U fll')u u mLuurAri1'UL(;l tJ ulAtJ~ ~fI fll')11 Lil u'Sl\l fll tJ~ (;l dlu'1.1~~LLC'i'1 

~~fI')~G'f'Ut~L" (;l.tJ!iFflJ n'U(;lllJti,)'JlJ"lll ~~\lt"ll'l.i'1.~~l~~u HIV ~l L~qvi ~lA(\JtI'J~fll,) 

~fi\l'1.~LLrifll'Jvi HIV llfll,)L~lJ-;il'U1'U LL~~fI~ltJ'W'Utfmh\l,)1(;l L~1 LL~ mh\l'1.')n(;lllJ 

fll'JfI~l tJ'W'UtjL~~"ihJ flA1U'1lJt 'U'J~(;)u~ii\l Lt'1u\l~l fI fI'J(;lu ~!lL'UU1\l~1 LL~ti\ll1 

A11lJ~lA(\J~ULA'J\l~fl\l [4] ~'uwtIlvl'lJu\lLtI'JG)'U'lJu\l HIV fll,)fI~ltJ'W'Utf1'U 

~lLmti\lL~~lU~\lul~\I11t~.,1~~'1.l.i~llJl'Jtlllii'l(;l~ u'1.t1'1.~ (abortive mutation) 

(;)\l,x'U ~\lul~fI~11'1.~11fll'J~~U~~fI.tJ!iFflJn'U'lJu\l HIV lJ 

'lIu~l n(;l LL~~Lil u fI')~U1'Ufll'J~~u~~ fl5J!iFflJ n'UL(;l tJfll'JfI ~l tJ'W'Utf~l Lu'U '1.1..1 L~u tJ"l t'U 

vi c:t(;l LLC'i'1 HIV ~~'1.l.i ~llJl'Jtl fI ~l tJ~'U1:iwtl~u'1.t1'1.~LL~~ul~lJ~flliru~'lJ u\l ~l(;)U fI')(;lu~!i 

L'UvI~lL'Wl~.n\l~llJl')tlUl'lIu)jm:b'UtlLvJ u t"ll1.'Ufll,)u u mLuurAri1'U'1.~ 'Uu fI~lflUt'U 

t1')~"lllfl'J~fi\lvill HLA polymorphism AC'i'ltJA~\ln'U fll'J~~U~~fI'lJu\l.tJ!iFflJn'Utlul~ 

Ul'1.t1~')utJtI')~\tlU'lJu\l HLA '1.~L"l1'Un'U [5] 

'Uu fI~l flA1'JL~u fIC'~l(;)UfI')(;l u~!iLuvi HIV '1.l.i ~llJl')tl~~u~il'1.t1 

'1.~LLC'i'1 UfI'lVl tJl~l ~(;l'ful~ 6fu\l ul~tJlf~~tJ ~ fltI'J~fll'J~fi\l t 'Ufll'J(;) (;l ~U11 c:Sl(;)U fI')(;lu~ 

!iL'UtfU(;lt(;lvlA1'Jt~'1.11'UrAri1u6f'ULLUU lf~~tJvi ~lA(\JU'1.~LLri A11lJ~llJl'Jtlt'UfI1') 

fI'J~G'f'UV1L'l1~~1~~Gt\l cytokine '1.Gl~~ltJ"llU(;l (polyfunctional T cell) cytokine 
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.' 	 L~~l-di.~LLri MIPlu/P, TI'JFu, IL-2, Gamma Interferon LL~::1Ol11lJ~llJl'H1LUfll~ 

LvilJ~lU1U (Proliferative capacity) Ltlumu .n\ln1~v1vha:u~~~~\l cytokines i.~~~1[J 

"lltl~i.~on LL~~\l1'\.fL~ULL~T:i1 L1JU:U-=l~[J ~lAf'\Jvi vi1hfV1 L"lf~ ~ij1Ol11lJ ~llJ1~()LUn1"d 

1Ol1lJ~lJn1~Gt~Liftl HIV 

11Ol~\l11\l~~[Jii IOlru::r.J~~£.]i.~tl tln LLlJlJ11\l LLc.l'Un1·l"Vl~~tl\l L~tl 

~m~11Ol11lJ~~ln~~1£']"lJtl\l~1£.]~utf HIV n1~~~lJ~~nJ)11~lJ~u"lJtl\l HIV LL~::n1~ 

l'11\llUviLa:u~ ~vhtl ~ [JULLtI ~\l i.tILtltl\l';ll n n1~n~1 £.]~utf "Iftll,! ~-d';l::L1Jutl~::1£']"llutl r.ll\l 

d\l1un1~~InJUl1'IOl-nUU tl\l ~u1~101 Ltl ~ t<ftu tlUllOl~ 

l.h::L.flVl"lJ tl\l n1~~~[J 

11Ol~\l n1~-dL1JU\llU~~£.]tI~::LflVlyfU:nU (Basic resea rch) 

~1"lJ1~"ll1 n1~LL~::n ~lJ~ "lllflvl1 n1~~~£'] 

~1"lJ1~Vl £,]1 ~l~~fnl~LL 'WVlrf 

. ~1~1~f1d (key words) 


Human Immunodeficiency Virus 


Cytotoxic T lymphocyte 


Tcell 


Gag 


Immune escape 


Polyfunctional T cell 


AIDS 

Mutation 
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L'S!Dl Ltl~HiL1}uifC\Jl-n ~lfil'Sru~"1.lvl~l AC\J"1.l tl\lVJ mh::L'VI~ tl\l'"fll'S 

UNAIDS i.~1.l'S::lJl rullfl NGiV1 Lifm.h::lJl ru M~.~ G'flU!Dlu-0'1L~ fl LL~::Lu-;}lu1uULlluN
u u 

GlV1 L iftlL ULtlL-ll[J m::1'u tl tl flL~[J\lLGf1.l'S::lJl ru ClJ. ~ G'flU!DlU ~l'VI~U1.l'S::L'VI~i. 'VI [J!Dll V11l fl q 

GlV1Liftl LL~::[j\lfli1~mtl~1.l'S::lJlru ~ LL~U ~\l Gl G'flU!DlU ~\lLLlIllif~"l1ru~::fl[Jl~llui.1~~ 

LL~::vilh;qG\m Lodtlfli1~m liU[Jl1ifu LL~ifC\J'VIl"1.l tl\l fll'S~tl ~ HIV LV1 [Jhf[Jl~lUi.1~~ti [j\l 

litl ~lJl flW tl ~lJ!Dl1'S ifC\J'VIl LVI ~l~i'1.~LLti 'Sl!Dll [Jl [1] N ~-nl\l L~ [J\l vt\l L u'S::[J::iu LL~::'S::[J:: 
,J{ v, '" v v 

r.Jl1 [2] V1 ~ tlV1~UL"lltl '1.1 ~~Gi tl [JlVl'llu1'u ~::LuuifC\JVlllJl fl cfiu [3]f?1\lUU 'VIl\l tl tl fl"1.l tl\l fll'S 

LLffifC\JVll L~tl\lL 'S!Dl LtlV1dtl tll\l £1'\l liu'Ul~::Lllufll'SWGlJUl1'!Dl-llUL~ tlL"lll.ufll'Siltl\lnuL'S!Dl 

LtlV1d 

1'Aiiuiltl\l nUfll'SGiV1 Liftli.1~~LUtl Gi V11.l'S::~U!Dl1llJ~l L~~'"' tlU-nl\l 

\ll[JV1l [J L fltl\l ~l fl1'A-llU L 'VI~l1h llu1'!Dl-lluvlhfil tl\l nu'1.1 ~~"ll'OV1 vl ~llJl'Sflfl'S::GfuhfLfiV1 

.Ql1~lJ nUV1llJfi'S'SlJ"lllGi LL~ ~lVl~Ufll'SWGlJUl1'!Dl-llUiI tl\l nUL'S!Dl L tl V1 dtll~ q\l [Jl fl fllliiu 

~lLVlG) vj~lAC\Ji.~LLfi HIV i.lifl'S::Gfuh;LfiV1.Ql1~lJnUmllJfi'S'SlJ"lll Gi LUA1llJ Lllu~~\l LLG'f1 

'Ilfl''VI [Jl ~l~V1f1.liLA [J WUL!Dl'SL~ [Jvl Lrl tlGi V1 Liftl HIV LLG'f1 ~llJl'Sfl til~V1 Liftl tl tl fl i.1.l~l fl 

~l\l fll [Ji.~ f?1\l'iiu fll'Stl tl fl LLuu1'!Dl-llULV1 [JtllA[J'VI~fl fll'Sll Lrl tl~l\l fll [JGlV1 Liftli.1~~LLG'f1 

~::fl'S::Gfuh.fLfiV1.Ql1~lJ nUV1llJfi'S'SlJ"lllGi~\lL"ll1lii.~~l'VI~U HIV ~l LVlG)vi ~lAC\J1.l'S::fll'S 

Vlti\li.~LLti fll'Svi HIV iifll'SL~lJ-;jlU1U LL~::fl ~l[Jwutfmjl\l'S1V1 L~1 LL~tl r.jl\l '1.'StlmllJ fll'S 

fl~l[JWU*VI ~lUfJfl!Dl1U~lJLu'S~f?1uwd\l Lfltl\l~l flfl'SV1 tl::llLUUl\l~lLLVI'U\lii 

!Dl1llJ~lAC\J~tlL!Dl'S\l ~fl\l [4] VI~tlw\.l'lvl"1.l tl\lL1.l'SGlU"1.l tl\) HIV fll'Sfl~l [JwutfLu 

~lLLVIti\) LVI~lU~\l tll~vilLVl11~~tli~llJl'Sfliii1'V1~tli.1.li.~ (abortive mutation) 

~\)iiu ~\)tll~ fl ~l1i.~ll fll'SVI~UVI ~ fl.Ql1~lJnU"1.l tl\) HIV iJ-ntl-;}lnV1 LL~::Lrltl 

fl'S::U1Ufll'SVI~U'VI~ fl.Ql1~lJnuLV1 [Jfll'Sfl~l[JWUtf~l L 'Oui.1.l L~tl [J"l Luvl~V1LLG'f1 HIV ~:: 

i.li ~llJl'Sflfl ~l [JwutfVl'n~ tli.1.li.~ LL~::tll~ii ~fl~ru~"1.l tl\) ~l f?1U fl'SV1 tl ::llL uvi -;}lLWl~.n\) 

~llJl'Sfltll-nm;! ~ c:i1UUL~ tlL"llI.U fll'Stl tl fl LLUU1'!Dl-llUi.~Utl fl~l flU L U1.l'S::"lll fl'SVl11\)vlii 

HLA polymorphism !DlG'fl [J!Dl~\) nu fll'SVI~UVI ~ fl"1.ltl\).Ql1~lJ nUUtll~tlli.1.l~'Stl [J1.l'S::l'1U 

"1.lEl\) HLA i.~L"liunu [5] 

Utlfl~l fl!Dl1'SL~ tl fl~lf?1Ufl'Sm tl::l1Luvi HIV i.li ~llJl'SflVl ~uVlili.1.l 

i.~LLG'f1 'Ilfl''VI [Jl ~l ~V11tll ~~tl\) tllA[Jif~~[J~ fl1.l'S::fll'SVI 11\) LUfll'Sf?1V1 ~ull~l f?1U fl'SV1 m~ 

)lLU"ll'OV1LV1vi!Dl1 'SLc:ii.11u1'!Dl-lluGfu LLUU iI~~[Jvl ~lAC\J'fii.~LLfi !Dl1llJ~llJl'SflLU fll'S 

m::GfuVlL"lf~~1l-.f'VI~\) cytokine i.~VI~l[J"ll'OV1 (polyfunctional T cell) cytokine 

http:l~V1f1.li


LV1~lrl't~LLfi MIPla/~, TNFa, IL-2 LL~~ Gamma Interferon dJu~u ..z1\1nl'jvlVi 

L'1f~ ~,."ct\l cytoki nes 't~V1 ~l[J'llilc;) 't~CJmL~C;)\llvfL~ULL~1':ll Llluu~~[J t'il Atldvlvil hfVi 

L'1f~ ~!iA1llJ ~llJl'jfllunl'jA111", lJ nl'j6)c;) L if£) HIV 

LA'j\l~l\l~~[Jii A ru~fj~~[J't~£)£) n LLl1111l\l LL~unl'j'lt1c;)~ £)\1 LyJ£) 

~n'l!tlA1llJ"" ~l n,." ~l [J"LI £)\I~l [J'Wuif HIV nl'j""~l1""ES n5)ll'"i'lJnu"LI £)\1 HIV LL~~nl'j 

vil\llUVi L'1f ~ ~vi Lll ~ [JULLll ~\I 'tll Li'i £)\I~l n nl'jn ~l [J'Wuif 1l£)l,! ~ii~ ~ Lllull'j~L[J'llU£) tll\l 

6\11unl'j'WGlJUl1Ao:UuiI £)\1 nUL'jA L £)c;)Gf1U£)UlAC;) 



1(;l'llh~~"A 

(j) L~£l~L~'ll~«~lllJVI~ln"H:n[J'lJ£l,,'hh~'U gag 'lJ£l"clG'\(;lL.fl£l HIV 

I!l L~ £l~ L~'ll~«L~[JlJ LV1 [J lJ~lllJ LL(;l n !;il"'lJ £l" nl'l(;l£llJ ~'U£l" 'lJ £l"V1 L"li ~ i=iGi £l 

peptide v1LlI'U wild type LL~~ mutant 

'lJ £llJ L'lJ (;l 'lJ £l"" l 'U ~~[J 

"l'U~~[J1iv\l nl'l~n1:tll'U~v1G'\(;l L if£l HIV v1:rbJ~lJl ru CD4 

lJl nnll 300 cellsjmm3 
L(;l [J'1~1fLL~"'ll [J~~L~ [J(;l'lJ £l"L~'j" nl'llvfLLri£ll~l ~lT~'l'1(;l1'lJ 

'VI 'lllJ LL ~1 



V1 [l'M' ~ ~lJlJ~!)l'U LL~::n':ie:llJ ~~ nl':i'~[J 

HIV d,j'UL1~~ vi~~lJ~~njJil"'lJfr'UL~mh\l!i l.h::~V1fiinVl 

~finl':il/,.d\lviL1~~"Jjil~11hft~LLfi nl':in ~l [Jw'Utj"lJe:l\l,:h'Uvi d,j'U epitope "lJ e:l\l·h.h~'Uvi 

f'l1¢1(y nl':in~1[Jw'Utj~\lnG'l11fi'lLfi~1f'Uvi anchor residue ~::vllh.f epitope ,r'ULli 

~llJl':itl~lJfrlJ HLA molecule L~ ~le:lfi'lLfi~lJ~L1ru T cell receptor residue n~::vll 

h.fLfi~nl':i~ ~lJ~ ~n~lnnl':i~lJf"lJ e:l\lVl L"l1~ ~L~ [J~':i\l 'Ue:l n~l n11 e:ll~ LlI'ULUL~11 

mutant peptides viLfi~1f'U~ln nl':in ~l [Jw'Utj"lJ e:l\l HIV e:ll~vll hfLfi~ nl':i~ e:llJ~'Ue:l\l 

"lJe:l\lVlL"l1~ ~viLli!il.h::~V1fi.fllVl L"ll'U nl':i~ ~\I cytokine L'W [J\I"Jjil~ LGi [J1LL V1'Uvi~::LlI'U 

polyfunctional T cell LlI'U~'U ~\I,r'U q~~[J~\lil~lJlJ~!)1'Ul1 peptide vin':i::~'Unl':i 

~e:llJ~'Ue:l\l"lJ e:l\l T cell ~llJl':itl!iL~~ ~l [J~u LLlJlJ LL~!ilJl\l~U LLlJlJ L vil,r'Uvi ~llJl':itl 

n':i::~'Uh·fLfi~nl':ime:llJ~'Ue:l\l"lJe:l\l polyfunctional T cell L~ 

~ru::q~~[J~::LGl1'lJ~lJ~':ie:ll~l~lJ~':ivi~GlLi1e:l HIV -;;il'U1'U l!Jo 

~'UL~l::L~e:lGlL~e:lvllnl':iLL£..In Peripheral blood mononuclear cell (PBMC) LL~:: 

plasma vllnl':i~L~':il::l-f HLA type LL~::vll nl':i~l~l~lJ n':iGle:l::ilL'U"lJ e:l\lLU':i~'U gag~1 [J 

nl':ivll direct sequencing L~m.lllJ1U':i::ne:llJLlI'U"lIm:l~1'Unl':ie:le:lflLLlJlJ overlapping 

peptide "lJe:l\lLU':iGi'U gag L!ie:lL~ peptide LL~1 ~\lvllnl':i'L~':il::l-f T cell response 

~1[J'~ ELISpot screening LGl[JhI overlapping peptides LL~:: epitope peptide 

~~\I~ln,r'U vllnl':ie:le:lflLLlJlJ mutant peptidesjepitopes L~e:ll"Jj1'Unl':i~L~':il::l-f T cell 

response ~1mV1~il~ Intracellular cytokine staining 

(;)0 
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HIV LU'U~lJl-lltliltl\li.1~~t'U Genus Lentivirus'11\ltl~t'U Family 

Retroviridae i.1~~"li'fiG)Uii'W'UfitljjlJLU'U RNA ~lm~[J1~tl\lLi'U HIV LU'U enveloped 

virus vlll glycoprotein spikes (gp160) vliilJ'VllJl'Vlf:llAryt'UtlljL"lfl*"l1~~i1tl\li.1~~ 

~lJl-lltliltl\l Lentivirus'Utltl';lltl HIV LLG'i'1£J\lii Simian Immunodeficiency Virus 

(SIV) .n\lLtl'Ui.1~~'WlJt'U primate j1lJi\l~'U I!l'v ~1[J'W'U~ tllV1 SIVagm (SIV t'U 

African Green Monkey) Ltl'U~'U SIV t'U host G)llJDjjlJ"lilmLl-H~lU ';I~i.lititlLjAtG)'l 

LL~~llJljt:1ri tlL jAv111tll tlljA G'i'l [JL jA LtlG) cfl.G)i.'U~\I LL~lJ (Rhesus macaques) '11\1 LU'U 

~\llh~~l~'Uiltl\l'Vl~lhm<i1[J [6] 'Utl tl';lltlU Utl'j'Vl m~1~G)1£J\lL i1tl ~ tl11 SIVCPZ~5tl 

SIVvllJl';lltl-lllJLLU'U<i1 (Pan troglodytes troglodytes) Lil'U~'UnlL'fiG)i1tl\l HIV-l vl 

j~lJ1G)t'UlJ'41!tti [7]~1'U HIV-2 tll';l';l~lJl';lltlL.ntl SIVsm (SIV vllJl';lltl~\I Sooty 

mangabey (Cercocebusatys)) [8] 

HIV ~llJljmLti\li.~Ltl'U I!l "li'fiG)t~f1i'l i.~LLri HIV-l vlj~lJ1G)tl~ 

vi'1L~nt'Uilru.~U LL~~ HIV-2 '11\liitlljj~lJ1G)~1'Ut~rYtl~t'U'Vl~lJelyJ~tll HIV-l ~llJljt:1 

LLti\ltltltlLtl'U M tl~lJi.~LLti Major group (M), Outlier group (0) LL~~ Non-M, non­

o group (N) tlljj~lJ1G)t'Uilru.~UlJl';lltl group M Ltl'U~1'Ut~f1i Utl~'Vl[Jl~l~G)fl~ 

LLti\ltl~lJ HIV-l t'U group M G)llJA11lJttlG'i'L~[J\ln'Uiltl\l nucleotide sequence L~[Jtl 

tl~lJtitl[J'lU11 subtype ~~tl clade LL~61 HIV-l ~1[J'W'U1ftG)vlii~tl1!tru.~i1tl\li.1~~ 

lJltltl11~ii\l subtype L~[Jtli.1~~~1[J'W'U~U11Ltl'U Circulating Recombinant Form 

(CRF) ~1tltil\liltl\l CRF i.~LLti HN-l ~1[J'W'Utfvlj~lJ1G)LL'Wj~~1[JlJltlvl~G)t'UUj~L'Vl~ 

i.'Vl[J '11\lLL~L~lJtJtl~G)tl~t'U subtype E LL~~tllJl'WlJ-jli.1~~"li'fiG)ULtl'Ui.1~~~tlf.J~lJ 

j~~11\l subtype A LL~~ subtype E ~\li.~6f\li1tlt~liLtl'U CRF01_AE [9]Ltl'U~'U 

'Utl tl ';11 tlUUtl~'Vl m~l~G)1£J\I'WlJ-jl £J\lii HIV ~ tl f.J ~lJj~~-jl\l ~l [J'W'Utf CRFO l_AE LL~~ 

subtype B .n\li.~6f\li1tl11 CRF1S_01B[lO] HIVlJl\l~l[J'W'U~dj'U~tlf.J~lJ1Jtl\l~l£.J'W'U~ 

~l\l'llJltltl-jl~'mvilnlJ d. ~l£.J'W'Utf1f'Ui.u ~'tlv1L'£.Jtl-jlLU'U mosaic viruses ';I~t"lfAl 

~tl-jl cPX.n\l~lJl £.In\l complex L!i'U subtype I .n\liJ';I~U'U'WlJ11 LU'U~l tJ'W'Utf~tl f.J ~lJ 

LLlJlJ mosaic ~\l6f\li1tl t~li-jl LiI'U CRF04-cpx LU'U~'U 

HIV-l iiil'U1G)Li'U~h~'Utitl~l\lUj~lJlru. G100 n\l G1<XO 'U1L'U 

LlJG)j LL~~iiil'U1G)1Jtl\l genome Uj:::lJlru. G10 "L~LlJ~'11\lii long-terminal repeats 

(LTRs) 1J'UllJtl~~tl\l"lfl\l HIV-l iitl'U~~tltl ~~llJ"li'fiG)i.~LLti gay{.n\lt:1tlG)j1X~hf 

LAj\l~il\liltl\li.1~~) po~.n\lt:1tlG)j1X~hf enzyme 1Jtl\li.1~~) LL~~ em{'11\lt:1tlG)j1X~hf 



i.f1~L~·l1J'.i~hJ"lJ£)\I envelope) 'U£)f1~lf1'thLC:fl HIV-l [J\lljfj'U::if1 i> 1iu~vidj'U 

regulatory LL~:: accessory genes i.~LLfi viI; vpr, tat, rev, nefLL~:: vPl.(1uvi G1) 

tat 

ner
vir 

LTR gag /vpu 
D QOJ] r-I----,L---___ _'__---'

p o 

D OJ]1 / 

vpr 0 env / LTR 

------------ rev 

1uvi GI Genomic organization of HIV-l 

L~'.i\l t'f'fl\l"lJ £)\1 HIV-l ~l'Ut\1 t1r1.~lJl~l f1 f11'.ifl£) ~'.i'tXt'f"lJ £)\1 fj 'U 

gag 'i1\1(;1£)'ULL'.if1~::i.~LtI'ULU'.i~'U&t\l~'U (precursor protein) "lJ'Ul~t\1t:1j (pr55) 

\1~\I~lf1'ii'U~::fJmj £) [JL~ [JL£)'Ui."lili protease "lJ£)\li.l~t'fi.~LtI'ULU'.iGl'U1iU~L~ f1~\1 L-ll'U 

Matrix (MA, p17), Capsid (CA, p24) LL~:: Nucleocapsid (NC, p7) matrix LiJ'U 

LU'.iGl'Uvi mJe:h~l'Ut'U"lJ £)\1 envelope LL~::vtl\1lIlvit'U f11'.i~mllh'L~~ f11'.i"1lJ virion 

'11£)\1 HIV-l ~1 [J envelope t'Uf1'.i::1Jl'Uf11'.iL~lJ-;:il'Ul'U"lJ £)\li.l~t'ffi £)'Uvi~::£)£) f1'U£) m"li~~ 

'U£)f1~lf1il matrix [J\I!l~1'U~llJt'Uf1'.i::1Jl'Uf11'.itil viral preintegration complex L'lfl~ 

fil L~ ~ [J t'f"lJ £)\lL"li~~::i f1~1[J ~lU viral capsid (p24) 'iiuLiJ'U£)\I~u'.i::f1£)1Jvi~l A'ry"lJ£)\I 

LLf1Uf1~l\l (core) "lJ£)\I HIV-l ~lU nucleocapsid (p7) LiJ'U RNA binding protein 

LL~::!l\1lIlvituf11'.i1J'.i'.i~ RNA "lJ £)\li.l~t'fL'lfl~ virion 

L£)'Ui."lili"lJ £)\1 i.l~t'f fl fJ f1t'f'fl\llJl L(;1 [Jf11'.id £) [J t'f~l [JLU'.i~'U&t\l~'U 

L-ll'Un'U L~ [J'.i::Wjl\l f1 1 '.it'f'fl\lLU'.iGl'U"lJ £)\1 HIV-l 'iiU1Jl\l~~\I ~:: L~~ f11'.it'f'fl\lLU'.iGl'U"lJ£)\I 

gag LL~~ pol Li1£)lJn'ULiJuLU'.iGl'U"lJ'Ul~t\1t:1j L~[Jf111 gag-pol precursor protein 'i1\1 

~~fJnd£)[Jt'f~l[JL~[J viral protease i.~LiJ'U LU'.iGl'U gag LL~~L£)Ui."lili'1l£)\li.l~t'fi.~LLfi 

protease (pll), reverse transcriptase (RT)/RNase H (p66/p51) LL~:: Integrase 

(p32) 

'iU'.iGlU"lJ £)\1 i.l~t'fvii.6f~l f1 f11'.ifl £)(;1'.i'lXt'f"lJ £)\1 fju envrlu ~~f) f1 

~\lL~'.il~lf1f'Ut'U endoplasmic reticulum (ER) i.~LiJ'U polypeptide vi!l"lJU1~ ~~ 

nL~~l~~'U LL~::~lUf1'.i::1Jl'Uf11'.i glycosylation vi ER LL~~ golgi network i.~LiJ'U 

i.f1~L~LU'.i~U gp160 .n\l!l"lJU1~ G1i>o ~L~~l~~'U .n\l.fll[J\1~\I~~fJf1d£)[JL~[JL£)ui."lili 

"lJ£)\lL"li~~i.~LiJ'U \!) ~lUi.~LLfi gp41 .fl\lLiJU transmembrane subunit LL~:: gp120 

http:Jf11'.id
http:t'Uf1'.i::1Jl'Uf11'.iL


.n'1L1l'U surface subu nit LLGii\lc:ffl\l ~1'U[j\lA\I LllellJ Gifl n'U LL~::fJ flUl L ~l ''l1.l LL Vl'mL'U 

envelope "lJ fl\li.1~c:f'it\l fl':i::lJ1'Ufll':i1ifll~mJtj ilJw'Ufi':i::vrll\lLlJ L~ fl~ l!l 'liil~ i.~LLfi 

matrix protein LL~:: cytoplasmic domain "lJflv gp41 i.fl~LALtI':iGi'U1i~::!lfll':i 

t1':i::flfllJn'ULil'U trimersLL~::!l ~fl1iru::Lij'U spike fl ~lJ'Utl1"lJ fl\l virionL~ tI!l-;il'U1'U 

spike t1':i::lJlru t"lll!l spikes GiflVlii\l virion 

c:llVl~lJ fl'U::i fl 'u 'liil~,f'U !l fl'Ufl ~ c:f flv'liil~vI!lA1llJ -;il Lil'Uc:llVl~lJ 

fll':iL~lJ-;il'U1'U"lJ fl\l i.1~c:fi.~LLfi tat1.L~:: re~1.LGi fl'U::i fl ~'liil~,f'U (vir, vp~ VPLAL~:: net) 

L'UlJl\l fl':irni.lJ-;il L il'Uc:llVl~lJ fll':i L ~lJ-;il'U1'U"lJ flv i.1~c:fL'UVI ~ fl~Vl ~ ~ fl\l ~\I,f'UlJl\lV1!iv 

L~tlfl1l accessory genes LLGifl[hvi.':iti~llJ L'UiJ~,u'Uiifl~Vltll~lc:f~1'WlJ1l fl'Ui\l 'u 

'liil~1i!l A1llJ c:llA'f'dlJl flfl1lvl LA tI ~~lJlL'U flGi ~ 

LLfl'UGllJ flGivl!llJ VllJlVl c:llA'f'dL'Ufll':iil flv n'U LL~::A1lJ ~lJ fll':iGl~ 

Liffli.1~c:fi.~LLfi neutralising antibody .nvL'Ufl':irn"lJflv HIV ii'U~lLLVlti\lvl 

neutralising antibodies i.t1~lJ!lfl~c:fllJ~lLLVltivi.~LLfi CD4-binding site .n\lfl~ 

lJ~L1ru V3-loop "lJflv gp120, co-receptor binding site LL~:: gp41 LLGifl[h\li.':iti~llJ 

f1l':ivllvl'U"lJ fl\l LLfl'UGllJ fl GiGi fl HIV ,f'U(;J LVI!l fl'U1l~::!liJf'dVll L'U fll':ivllVl'Ulvi ~llJtI fl Gl 

Liiflv~lfliifl~Vl tIl~lc:f~f1.~'WlJ1l LLfl'UGllJflGi~lflt{Gl~Liffl HIV !l~ ruc:flJUGlL'Ufll':i 

neutralisation Liffl HIV vlLll'U primary isolate i.~l.lJ~[11-13] LL~::~\li.t1fl1l,f'U 

LLfl'UGllJflGi~1'ULVlf\JvI c:fil\l1f'UL~ fl!lfll':iGl~ L iffl HIV Lil'U non-neutralizing antibodies 

.nv~lJnlJ vi rion debris[14] LL~::rrv'WlJ::ifl1l LLfl'UGllJ flGi~\I fl ~l1 fll~~::!llJVllJlVltifl tI 

lJlfl L'Ufll':iA1lJqlJfll':iGl~L.flflL'U':i::tI:: primary infection L~tI~::L~'Ui.~~lfl1l fll':i 

~~~\I"lJfl\ltl~lJlrui.1~c:fL'U':i::tI:: primary infection L"~1f'Ufi fl'U!l neutralising 

antibodies L~tI::ifl[14] LL~::vlc:llA'f'd neutralising antibodies LVI~l1i~1'ULVlf\J!l 

A1llJ-;il L 'Wl::Gi fl c:fl tlW'UtfA fl'U"lil\l fg\l !l neutralising a nti bodies fl ~ L'W tlvi.lJ "'liil~ 

L vllii'UvI!l A1llJ c:fllJl':i(1L 'Ufll':i neutra lisation "lillJ c:fl tlW'U1f1.~fl tll\l!ltl':i::~Vl~fll'W 

L'U"lJ ru::vI rrv!l"lifl c:f\l i tI fl ~1l LLfl'UGllJ fl Gi~::!ltl':i::~Vl~fll'W L'W tlvL~ 

L'Ufll':iA1lJqlJ LL~::i1 flv n'Ufll':iGl ~L.flfl HIV iifl~Vl tll~lc:f~1Lllfl1l5J~q"lJ n'Ut-Jl'UL"li~~ 

L~tIL,"'Wl::fltll\l~\I cytotoxic T-Iymphocyte CCTl) fll~~::!llJVllJlVlc:llA'f'dfl1l L~tI!l 

VI ~fl§l'U1lL'U':i::tI:: primary infection ,f'U t1~lJl rui.1~c:fL'UL~ fl~ ~~~\I c:ffl~A~fl\lnlJfll':i 

L~lJ1f'U"lJfl\l CTl [15]'it\lfll~~::Lil'UVI~fl§l'U1l Crl c:fllJl':i(1A1lJqlJfll':iGl~L.flfl HIV 

t1jlJlru HIV L'UL~fl~ LL~::-;il'U1'U HIV-specific T cells L'U':i::tI:: chronic infection 

[16] ~\I1.1.1 fl1l,f'U Lfl fl ~LA':il::l-ffll':i~ fllJ c:f'Ufl\l"lJ flv5J~q"lJ n'UL'U t{Gl~L iffl HIV vI!l fll':i 



~lLU'UL'SfOI~~ (Long-term slow progressor) ';j~Vl1rllnl'S{;l £llJ ~'U£l\l"lJ£l\l CfL Gl £l 

LlhGl'UlJl\l"lfU{;l"lJ£l\l HIV iJlJVllJ1Vl c:J1Afld~vllttf~Gl{;l L if£l t'Un~lJUiJ nl'S~lLU'UL'SfOI~ 

~n11fOl'U-i1i,tl [17]i,li L Vl (J\I LLGl~ ~n§l'Ut'U~~Gl{;lLifmvh,x'U CfL [J\liJlJVllJ1Vlt'Unl'S 

11 £l\ln'Unl'SGl{;l L ii£l ~~ifflJcr~LiimLGli,liGl{;l (Highly-exposed persistently 

seronegative persons, HEPS) ~n(;l"1(J[18-21](;l"1(J~~n§1'U~\I~n~h1lJ1LL~1-nl\l(;l"'U

*-11m"lflfldt'Unl'S'W6).J'Ul-rfOle:U'UL~£l11£l\l n'Unl'SGl{;l Lif£l HIV t'Uif';j,1T'U~\liJ LL 'U1~{;l11fOl1'S 

';j ~'W6).J'Ul-rfOle:U'U~iJ £l\lAtl'S~n £llJ~~nt'Unl'Sn'S~~'U CfL Gi £l Ltl'SGl'U"lJ £l\l HIV 

{i\lLLlI11 CfL ';j~iJlJVllJ1Vlc:J1Afldt'Unl'SfOI11J~lJ HIV LLGli,1~~ 

"lfU{;lUiJ fOI11lJ ~llJl'Sfl t'Unl'Sn ~1(J'W'U~~ ~lJ~ES n.f)lJ~lJ n'U LL~~t'UlJl\ln'Srutl'Sl n{)nl'St:U 

t'U~nlfru~U'Illi,tl cgnl'j~lLU'UL'SfOI~L~1fl(J ~\I[22] LL~~i,1~~n ~l (J'W'U~~\Imh1t'Un'Sru 

~lJl'S{;llGl{;lLif£l HIV ~llJl'Sflril(JVI£l{;li,tlcg'3ni,(;l" [23] mil\li,'Sn{;lllJ nl'S~~lJ~ESn';jln 

crL U £ll';j';j~i,lii,(;l"LI~{;l1f'Ut'U'VJnn'Sru L{;lm~Wl~£lrJl\ld\lL~£l epitope mjt'UlJ~L1ru~iJ 

fOI11lJ c:J1AfldGl £l LfOI'S\I~fl\l"lJ £l\l HIV [4]KelierhenL~~fOI ru~i,(;l"LL~{;l\lttfLi1'U11 epitope 

LG'f'U~ii\l~£l~lJ~L1ru p24 (capsid) LL~~ restricted ~1'U HLA-B*270S {i\lLLlI11';j~Lll'U 

immunodominant epitope LLGl nl'Sn~n (J'W'U*~{;l1f'Ui,(;l"'U£l (JlJln Lll£l\l';jlnlJ~L1ru 

~\I mh1Lll'U,lb'Uc:J1Afldt'Unl'Stl'S~n£l1JLil'U capsid "lJ £l\li,1~~ ~m:tru~"lJ £l\l structural 

constraint L"l1'UUlJm~{;l1f'U HLA ~iJ'S1(J\ll'U11iJfOI11lJ ifflJ'W'U15nlJ nl'S~lLU'UL'SfOIvI"lfl 

Lvil'd'U £lrJl\li,'Sn{;lllJt'Unl'SP:\nlfl"lJ £l\lfOl ru~t:;!"~m£l\lWlJ11 H LA-A* 1101-restricted 

nef-specific epitope oi1\1iJ nl'S{;l£llJ~'U£l\lt'U'S~~lJ~\lt'U~Gl{;l Lii£l"lf11i,VI (J i,li ~llJl'Sflvil 

ttfL~{;l escape mutation i,(;l" (Hansasuta, P. et ai, manuscript in preparation) i\l 

£ll';j Lil'ULW'Sl~lJ~L1 ru~\Imh1iJ fOI11lJ c:J1AfldGl £l HIV ';j'Ui,li ~llJl'Sm~ {;l nl'Sn ~l (J'W'Ufj1.(;l" 

L"l1'UL~(J1nlJn'Sru"lJ £l\l HLA-B*270S LL~~i\lvl HLA-A* 1101 iJfOI11lJ"LfnlJl nt'Utl'S~"lfl nos 

fOI'Ui,VI (J~\ltil';j~L~{;lnl'S~ ~lJwu.f)lJ~lJ n'ULL~1vf\lj£l\l'S£l (Ji,1i.'U~1 (J'W'U~"lJ £l\l HIV ~ 

'S~lJl{;l £l ~lJ~L1rutl'S~L VI~i,VI (J £l rJl\l i, 'Sn {;lllJ nl'S~LfOI'Sl~~nl'S{;l £llJ ~'U£l\l"lJ £l\lvh~~ ~1'U 

n'SruU~~~(Ji,{;li."lfLVlfOIUfOI-r{;lnl'S~~\I IFl'Jy L{;l(J ELISpot assay ~\I,x'U iJfOI11lJLll'Ui,tli,(;l" 

11fOl11lJ LL 'S\I"lJ£l\lnl'S{;l £llJ ~'U£l\lL{;l (Jnl'S~~\I IFNy£l1';ji,liiJA11lJifflJ'W'UfinlJ antiviral 

pressure "lJ£l\l HIV-specific T cell ~\I,x'Unl'S~LfOI'Sl~~nl'S{;l£llJ~'U£l\l"lJ£l\l T cell L{;l(J 

nl'S-r{;lnl'S~fl\l cytokines ~~l(J"lfU{;l£ll';j;ilLll'UL~£l~LA'Sl~~ antiviral pressure ~ 

LL vr';j~\I"lJ £l\l HIV-specific T cell 

t'Unl'SP:\nlflllA ru~~~~(J"lJ £l L~'U£l nl'SP:\nlfl~-r6).J'Ul nl'S"lJ £l\l ~1(J 

'W'Utf HIV L{;l m~wl::£lrJl\l d\lA11lJ~~ln~~1 (J"lJ£l\lLtl'SGl'U gag {;l ~ £l{;l';j'U~ LA'Sl~~nl'S 

{;l£llJ~'U£l\l"lJ£l\lvh~~~Gl£lLtl'SGl'U gag L{;l(Jt"lfLVlAUA intracellular cytokine staining 



(1eS) b~£l'hA'n~\ffll'H~'fl\1 cytokines 'lJ£l\l H1V-specific T cellt'UfI'Huvi"l1~~llfll'~ 

f1~l[J~'UfilJjnru peptide VI~£1 epitope viAfIlil ~'~[J~~"lGiAfIlil'jl[J~~b~[J~'lJ£l\lfll'j 

G1£llJ~'U£l\l'lJ£l\lV1b'1f~ffvillGi£l wild type bb~~ variant peptides L~[JhfLVlAilA ICS 



lh::;L£J~tl~ Al~1l'~ ::;1~1'lJ 


Gl '2ffll;!~ L~fl\lA11lJ"'H:n f)'VI~1 £JVll\1'W'U~f)~~lJ'lI fl\lhhGl'U gag 

I!l '2ffll;!~f)l~~fllJ~'Ufl\l'llfl\lVlL"li~~Gifl peptide ~dj'U wild type LL~::; 

Mutant 

(;') t:-I~\ll'UGl'WlJvh::;~lJ'Ul'Ul~lGi Gl \111lJ 

~ ui!S~~::;~lJururVI~~mfl Gl A'U 

LLt:-I'Uf)l~fil£JVl fl~ LVlAL'UL~fi'VI'1fl t:-I ~f)l~~~m~m~lJ LiJl'V1lJl£J 

t:-I ~\ll'U~~£Jil~::;fil £JVl fl~ ~Ui!S~i\lL'U~::;~lJ1.J~fYfYl~'1 LL~::;~::;~lJ 

UrurVI(;)~ f)1fl LL~ ::;~::;16f'll1 L~'Ufl t:-I ~\ll'UL'U~1.J~::;"4lJL'U~::;~lJ'Ul'Ul~lGi ~ ~ fl~~'Ufj t:-I ~\ll'U 

Gl'WlJ'Vn'U11~~1~~::;~lJ'Ul'Ul~lGi 



dfJ7 ufiJl!7n 7n1fi1iVilv 

.fllA'"l1l~ G'l-lb,'Vl til Aru::: LL'W'Vl tI~l~~f ~v:rlG'l\l fl~rnlJ\n''Vl til ~tI 

1GIPi7djun7r1~lJ 

Gl fl~lJl.h:::"l1l fl~ 

£ll~l~l!A~~~~Lif£l HIV ~1'U1'U GlO A'll £l1~1~l!A~L""~liiA1~jJ CD4 count 

lJlflfl1l 300 cells/mm3 

fll~Lf)1JGl1 £l dl\l 

L~1:::b~£l61~1lJ ~O ei1ei1L~mf)1J'WG'l1~lJ1L~tlhr EDTA dj'U~1~1I£l\ltr'UL~£l~ 

bb!J\lGl1 bbG'l::: Peripheral mononuclear cell (PBMC) L~tli.'lI heparin LfJ'U~l~ 

11 £l\l tr'UL~ £l ~ bb!J\I Gl1 

fll~bbtlfl PBMC 

'Ill heparinised blood lJlb~£l~l\l~1t1 RPMI i.'Uet~~1~1'U Gl ~£l Gl ""~\I~lfl,j'U 

Ul'tlhbtlfl PBMC L~tli.'lI'fi Ficoll-hypague density-gradient centrifugation 

~ l!l~ £l\l~lL"lfG'lbei1t1~ Ulb"lfG'l~~'t~lJlti'£llJ~1t1 Trypan blue bbG'l:::U1JL~tI 

mf£l\l~G'l'Vl~~~U 

fll~""lC'Sl~1JL1J~"l..I£l\ltj'U gag L~tI direct sequencing 

~tr~RNA ~lfl plasma bbG'l:::L~lJ~1'U1'U gag L~tli.'lI primer ~L""lJl:::~lJ L~tI 

RT-PCR""~\I~lfl,j'Uul'ttlAm~tlC'Sl~1Jb1J~L~tI~~\I (direct sequencing) L~tI 

i.'lILA~£l\l automated DNA sequencer 

Ul"ll£ll;j G'l~l fl fll~' bA~l::l-fC'S1~1J tj'UlJ1i\l bA~l:::l-fLtltI't'Vl ~L~ £l i."l1L'U .ff'U~ £l'U 

~£l'ttl 

'LAn:::l-f T cell response L~tI'~ ELISpot assay b~£l't~"ll£ll;jG'l"l..l£l\lfll~ 

~ £l1J~'U£l\lLrl£l\l~'U 

'LA~1:::l-ffll~~£l1J~'U£l\l~1t1 Intracellular cytokine staining 



'l"~[J~L1 ~lnl'l"v11'~[J LL~~LL(:..I'Ur;ilL1l'Unl'l"'~[J 

Gl LGl~[JlJf.11.l n'l"ru ib [Jl ~l'l"LA!i lL~~L'lf~ G'lL 'Wl~l~[J\I'l"~[J~L1 ~l M LGl u'U (G) ~lAlJ 

ft\l t'U11AlJ 1!ld'd'I!l) 
, d v 

ltilJG11u£il\lll~~if'\.H~u61l'WULtilJ PBMC 'l"~[J~L1~1 ~ LGlu'U G1\1LLGl Gl lJn'l"lAlJ 

1!ld'd'1!l ft\l MO n'U[Jl[J'U 1!ld'd'M 

'LA'l"l~,,;G'ilG1lJn'l"61u~iiL'Uilu\l gag'l"~[J~L1~1 Gl~ LGlu'UGY\llLGl LlJ~l[J'U 1!ld'd'M 

ft\l n'U[Jl[J'U I!ld'd'ct 

uumLlJlJLL~~a\llA'l"l~ltf peptide 'l"~[J~L1~1 M lGlu'UGY\lLLGl G)~lAlJ ft\l t'U11AlJ 

1!ld'd'M 

'LA'l"l~,,;nl'l"GlulJ~'Uu\lilu\l T cell ~1[J ELISpot 'l"~[J~L1~1 Gld' LGlu'UGY\lLlGl 

lJn'l"lAlJ 1!ld'd'M ft\l !i'U1AlJ I!ld'd'ct 

'LA'l"l~,,;nl'l"GlulJ~'Uu\lilu\l T cell ~1[J'~ ICS 

'l"~[J~L1~1 Gld' lGlu'UGY\lLLGl !i'U1AlJ 1!ld'd'M ft\l llfl'Ul[J'U I!ld'd'ct 

'l"1lJ'l"1lJ 'LA'l"l~ltf'lful;!~ ~~1.l LL~~l1i[J'U'l"l[J\ll'U 'l"~[J~L1~1 M LGlu'UGY\lLLGl 

n'l"n{}lAlJ ft\l n'U[Jl[J'U I!ld'd'ct 



~~~r.Ji.~1't1c:flJA,:)ulc:flc:flJA,:)~lU1U d.&. AuL~r.J~~LlIu typical 
progressor (TP) (;'}!!l AU viraemic controller (VC) mo AU LL~~ elite controller (;') 
AU entjL~~r.JtJu\lulc:flc:flJA,:) (;'}o r1LilU"lilr.J !!ld. AULL~~LlIu\-1f\j\l !!lm AUl.J~)Jlru HIV­
RNA lU'W~1c:f)Jlu~,:)~\-111\1<40 - 1,132,883 copies/ml (median = 9,165 
copies/rnl) LL~~ C04+ T cell count u~,:)~\-111\1 126 - 1,319 cells/cu.mm. (median 
= 493 cells/cu. mm.) ulc:flc:flJA':)V)n,:)1r.JrJ\li.l-ii.~1't1nl':)~nMl(;)1r.Jr.J1Gf1ui.1~c:f 
(antiretroviral treatment, ART) ,:)lr.J~~L~r.J~tJu\liful;!~n~rul~~l,:)l\1vi m 

t.vo 

http:cells/cu.mm


Time since 
seroconversion 

(years) 
CD4 counts 
(cells/mm3 

) 

CDS counts 
(cells/mm3 

) 

pVL 
(copies/ml) 

7 834 942 <40 
5 670 507 <40 
10 470 745 <40 

ID 
HN5 

EC HNlO 

HI\l31 

HNl 

HN2 

HN9 


HN12 

VC HN15 


HN20 

PRT 


HN24 

HN26 

HN30 

JSM 

NOT 

VI(] 


SUL 

RSR 

KRR 


TP SYY 

HN21 

PNN 


HN16 

HN22 

CHL 

NKM 

TBT 

PPK 

UKY 
HN8 

HN17 

HN18 

HN19 

HNN5 

HNN7 

HN3 

HN7 


HN11 


Sex Age 
F 28 
F 38 
M 52 
M 18 
M 26 
M 43 
M 27 
M 30 
F 24 
M 19 
F 28 
M 51 
M 34 
F 36 
M 27 
F 29 
M 45 
F 42 
F 37 
F 49 
M 44 
F 33 
M 21 
M 26 
F 66 
M 37 
M 21 
F 40 
F 33 
F 36 
F 28 
F 30 
M 26 
M 29 
M 23 
F 24 
M 23 
F 58 

1 
3 
9 
1 
3 
3 
1 
9 

nat 
3 
2 
4 
3 
4 
4 
6 
12 
3 
10 
1 

1.5 
13 
12 
2 
4 
8 
1 
1 
1 
2 
2 
1 
1 
3 
5 

878 
1,169 
639 
495 
578 
493 
551 
699 
735 

1,319 
265 
195 
381 
493 
187 
126 
368 
881 
319 
561 
754 
448 
173 
185 
219 
249 
659 
325 
385 
519 
375 
525 
452 
540 
450 

nat 
1,814 
nat 
791 

1,388 
1,104 
633 
810 
780 

2,232 

1,999 
1,175 
936 

1,549 
742 

1,034 
1,123 
151 

1,318 
165 

1,348 6,569 
624 16,925 

1,313 154,253 
896 5,385 
974 503,411 
743 88,597 

1,104 9,540 
1,222 299,077 
2,008 5,728 
1,148 12,231 
785 4,612 
nat 3,993 
nat 112,042 
nat 4,973 
nat 43,061 
nat 309,949 
nat 230,942 
382 10,961 
823 51,900 

1,338 17,313 
1,259 27,487 
1,003 30,145 
521 3,307 
582 12,501 
865 3,094 



10 Sex Age 
Time since 

seroconversion 
(yearsl 

C04 counts 
(cells/mm3

) 

COS counts 
(cells/mm3

) 

pVL 
(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 
HI'J28 M 490 979 58,523 
HI'J29 M 428 663 31,329 

nat l'Jot available 

VilJjfJ Human Leucocyte Antigen class J (HLA-J) iUil7d7dJJFlT 

HLA-I LiI'U'bJL~ f1~vifJn'n [J\ll'Ul111A11)J ~lAflJLL~~l1 
Al1)Jtr)J'W'UfiL'Unl'jAllJ~)JtI~)Jlru HIV-RNA LL~~~~~'Wfi"l.l£l\lnl'jGi~L-ll£l HIV L'Un~)J 
~i1 Gi'W'UtfA £l LA L..u[J'ULL~~n~)J"lilGi'W'U*L£lvJ~nl ':f'~[J~\I ~£l\l nl'j, LA'jl~l-fl1 L'U':fGi~ L-ll£l 

.n\lLiI'Un~)J!flGi'W'Utf£ll L..u[J'U (L~ [JhfA'U1'VImll'U&Yl LL 'VI'U) ';J~11 ~n1iru~Al1)J tr)J'W'Ufi 

'tI£l\l HLA-I LL~~nl'jAllJ~)J HIV-RNA ml1 £l'U~'1£l LL~ n&il\1';Jl nvi LA[JfJ nli'jl [J\ll'UL'U 

!flG\'W'Utf~'U~'1£l1l.imi1\11'j L'Ufll'W'jl)J"l.I£l\l HLA-A locus LL~l HLA-A*ll l1Al1)J~ 
~\I~~L~[J'WlJ~\I '0>0 LtI£l·h.n'U~"l.I£l\l£l1~1~lJA'j'j£l\l~\I)J1LiI'U HLA-A*24 (42.5%) 
HLA-A*02 (25%) LL~~ HLA-A*33 (20%) ~l)J~l~lJ~l~~lJ HLA-B locus tf'U HLA­
B*15 l1)Jlnvi~~ (35%) 'j£l\l~\I)J1Lll'U HLA-B*40 (39%) HLA-B*27 (20%) LL~~ 
HLA-B*58 (20%) ~l)J~l~lJL'Un~)J HLA-C locus u'U HLA-C*07 l1Al1)J~~\I~~ 
(45%) 'j£l\l~\I)J1Lll'U HLA-C*03 (35%) LL~~ HLA-C*Ol (22.5%) ~l)J~l~lJ 
'jl[J~~L~£J~"l.I£l\l"1fm;!~ HLA n~rul6:Jvi~l'jl\1vil!l LL~~'2t1fll'Wvi G) - M 



ID HLA-A alleles HLA-B alleles HLA-C alleles 

EC 
HN5 

HN10 
HN31 

2402 
2402 
nat 

1101 
1101 
nat 

150201 
5401 
nat 

4001 
4001 
nat 

030301 
0102 
nat 

080101 
0304 
nat 

VC 

HN1 2402 
HN2 0302 
HN9 110101 

HN12 0101 
HN15 0206 
HN20 110101 
PRT 110101 

HN24 0101 
HN26 0203 
HN30 nat 

1101 
110101 
310102 

1101 
1102 

110101 
110253 
0206 
1101 
nat 

130101 
080101 
3501 
5701 

270401 
150201 
5201 
5701 
4601 
nat 

2705 
2706 
4001 
1801 

400601 
460101 

2704 
4002 
4601 
nat 

20202 
0304 
0303 
0602 
0801 

010201 
070201 
0304 
0102 
nat 
nat 

0602 
nat 
0302 
0302 
0302 
0302 

070201 
0302 
0302 

060201 
0102 
0401 
0304 
nat 

0102 

0403 
0702 
0702 
0701 
1202 

080101 
120202 
0602 
0102 
nat 

TP 

J5M 
NOT 
VKJ 
5UL 
R5R 
KRR 
5YY 

HN21 
PNN 

HN16 
HN22 
CHL 
NKM 
TBT 
PPK 
UKY 

1101 2410 
0206 1102 
1101 3303 
1101 3303 
3101 3303 
2402 3303 
3303 3303 

260101 1102 
2402 3303 

110101 330301 
0101 1101 
0201 0207 
2402 2402 
0203 1101 
2407 2407 
1101 1101 

1802 
2704 
1301 
1502 
5102 
3802 
5801 
3901 
2706 

580101 
5201 
5201 
1501 
4001 
3505 
1301 

2704 
3701 
5801 
5801 
5801 
5801 
5801 
2704 
5801 
4001 
5701 
5603 
4002 
4001 
4601 
4601 

nat 
1202 
nat 

0801 
1502 
0702 
0302 

120202 
0702 
0702 

070201 
1202 
0702 
0702 
nat 

0406 
HN8 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 
HI\J28 nat nat nat nat nat nat 
HN29 nat nat nat nat nat nat'. 

nat Not available 
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: 

!hl~~[Jl-1 ~lm.h:ml':ivl ell";j!l ~ ~Giunl':iA1lJFl).Jnl':iL~)J~lUU1U 
1]u\l HIV ulVlul~LV4fl1':i~[J~1]u\lnl':iGi~LifULL~~lj'~)Jlru C04+/C08+ T cells ~ll-1~lJ 
ulr.rdUV4lJ1l n~)J EC !I ul ~)Jl nvl~~':iu\l ~\I)Jl LtlU TP LL~::VC LLmA1l)J LL~nml\1-di.ll!l 
U[J~lAf1JVll\1~tiGiL"liuL~m"'mV4fl1':i~[J~vlGi~LifuLL~::1.J~)Jlru C08+ T cells If";j~[JvI!i 
A1l)Jml\1ur.il\1L~mi.6fLLri C04+ T cells vi VC !I)Jlnn1l TP (~l':il\1v1 rl LL~~g1.JvI d) 

Groups 
Age 

(years) 
Sex 

(M:F) 
Years after 

seroconversion 

C08+ T cell 
counts 

(cells!mm3
) 

C04+ T cell 
counts 

(cells! mm3
) 

Plasma 
HIV-lload 
(copies/ml) 

Elite 38 1:2 7 745 670 <40 
controllers (28-52) (5-10) (507-942) (470-834) 

(Ee) 
Viraemic 27.5 8:2 3 957 669 1,079 

controllers (18-51) (1-9) (633-2,232) (493-1,319) (151-1,900) 
(VC) 

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) 



CD4+ T cell count 

"E1500 p = 0.0006 

E
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CI) 

-~ 1000 
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Q) 5{)0 
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u 
f ­

+ 
'<t 
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~v 

subject group 

Plasma HIV load 
p~0.007 

p =0.005 

p < 0.0001 

-""C 4 
ItS 

2. 3 

> 

I 2 

ItS 

~ 1~--==-:==------'--------"""T""---­
ItS 

a. ~v 

subject group 

~1Jvi ct ill'WLL~~\lfll'H~[J1JLV1[J1J1J~lJlru CD4+ T cells LL~~ 
HIV-RNA 1'U£ll~1~l1A'j" 



n7rllffl11Jl nl11JUaawtfllilvn7rtff(illik lUil7d7dUfiJrflfJ HLA protective allele (PA) 
IlRl11Jlnl11Jt71Jil7d7dJJ'fiJrzlllJifJ protective allele (nPA) 

r:f~~[Jvllnl'HmmJLV1[Jtlr:fvlli protective HLA alleles L~'U 
HLA-B*27, -B*57 LL~t -B*58 .nvlin[Jvl'U·:hliA11lJ~lJ~'Ufi~tI good clinical 
outcome LLGi'Wtl11L'Un~lJvlli protective alleles (PA) li1J~lJlru CD4+ T cell count 
LL~t1J~lJlruL1~~LliLLmnGilv";jlnn~lJvlLlili protective alleles (nPA) (ml';nvvl ct) L'U 
n~lJ PA 'Wtl11li HLA-B*27 ~1'U1'U ~ A'ULL~t HLA-B*57/58 ~1'U1'U GlGl A'U (r:f~~[J 
~m HLA-B*57 LL~t HLA-B*58 e:!~L'Un~lJL~mL'I1e:!v";jln~ru~lJ1!~nl':i binq)ng "1mv 
epitope) nl':iL~[JtILV1 [JtI r..l~~'WfiVllvA ~llA~vnc;;jl1LlilI'U~tI':it[Jtnl':i~m die:! LL~t 
"lfe:!lj~V11v1J':it"l.iln':i(afl~m1~'U'l (ml':ilvvl ct) LoU'WltAl CD8+ T cell count 'ii'Uvl PA II 
A1Lgv n11nPA e:!£ilvli'l1[J G:fl~C\!V11v~n~ 

Groups Age 
(years) 

Sex 
(M:F) 

Years after 
seroconversion 

CDS+ T cell 
counts 

(cells/mmJ) 

CD4+ T cell 
counts 

(celis/mmJ) 

Plasma 
HIV-l 
load 

(copies/mil 

5,728 
(151­

1,132,883) 

Subjects 
with 

proteetive­
allele(s) 

(PA) 

30 
(18-49) 10:9 3 

(1-12) 
1,104 

(550-2,232) 
493 

(126-1,319) 

Subjects 
without 

proteetive­
allele(s) 

29.5 
(19-66) 12:10 1 

(0.5-13) 
865 

(382-1,489) 
451 

(173-855) 

14,137 
(936­

309,949) 

(nPA) 



Primers ihur1Jn7~Hfli.Jif7U,}U HIV-J gag p24 

nv mI11 HIV-1 ~1 [J'Wufiv1':i~111~ tUU':i~LVlPr'VlmjvAv Lilu 
CRF 01AE LLG'I'a(;)JUl nl':i'iJ £)v'1~~!inl':iLu~[JULLU~~ 'u L~£) [J'l~v,jULLVluv1~~til ~1~11 
n':i~ ~~il"(uv1 fJn':il [JvlU'1LLff1t U§lU !1m;! ~ r:f'i~[J ~vvilnl':i'i LA':il~",tVllitur:f&'i~Lif£) 
iJ~~1!UL~£)v1~~'c;f~l~l1n':i~ £)~!i"(U'iJ £)v"(U':i&)U gag p24 v1 Lilu~l [J'Wutfv1 LL 'W~VI~l[JtU 
iJ~~1!UGil LL VlUv'iJ £)vnl':i~l1'iJ £)v primers 'Gl~':fu'11u~1':ilvv1 (J. 

Forward Binding Reverse Binding Positon 
primers position Primers (CM240) 

(CM240) 
Outerl 276-297 Outer1 1951-1972 
Outer2 169-195 Outer2 2401-2423 
Outer3 304-321 Outer3 1652-1669 
Inner 640-659 Inner 1552-1571 



nl~~LA~l~",nl~GlfllJ~'Ufl\lilfl\l gag p24-specific T cells L6'lrl ELISpot assay 

L'Ufl1~1~,rA~~1'U1'U del. A'UiiLWrl\l d A'ULvil,f'Uvi'hJiinl~GlfllJ~'Ufl\lLLf'l~ I:'l A'UL'U 
~1'U1'Uihtl'U elite controller LLf'l~~n Gl A'ULtI'U typical progressor (HN7) 

Gl. nl~GlfllJ~'Ufl\lilfl\l typical progressor (TP) L!im~rllJLV1rllJnlJviraemic 
controller (VC) 

L'U.f11W~1)JWlJ11A11)Jn11\1ilfl\lnl'iGlfllJ~'Ufl\l (breadth of response) ilfl\l'l-f\l I!J n~)J 
'bJiiA11)J LLGlnGil\1 n'U~1V1~lJA11)J LL'i\lil fl\lnl~Gl fllJ ~'Ufl\lWlJ11 VC ii LL'U1Lti)J11ii nl~ 
GlfllJ~'Ufl\l~\ln11 TP 'l-f\lL'ULLJilfl\l cumulative LLf'l~ median magnitude of 
response (Gll~l\1vi 'i» 

Gll~l\1vi 'i> ~G'lnl'l"1L~n~lA"nl'l"GlutJ~'\.m"iI£hl gag-p24-specific T cells l'u TP LLG'l~ VC 

Typical Viraemic 
progressors controllers (VC) 

(TP) 
Breadth (OlP) 

Cumulative 
magnitude 

(SFU/106 PBMC) 
Median magnitude 
(SFU/106 PBMC) 

3 (1-6) 

1755 
(322-7913) 

542 
(98.75-2490) 

3 (1-9) 

2748 
(644-16098 ) 

684.5 
(205-1855) 

I!J. nl~LmrllJLV1rllJnl'iGlfllJ~'Ufl\l~~Vl11\1fll~1~,rA~ TP LLf'l~ VC viii protective HLA 
allele LVliifl'Un'U 

A11)J n11\1 LLf'l~A11)J LL~\lil fl\l nl~Gl fllJ ~'Ufl\lil fl\l T cell 11'Ufl ~nlJ 
HLA alleles vi fl ~L'U1.h~"lfl n~~\I,f'Unl~LtI~rllJLV1 rllJ'l-f\l I!J tf~~rlL'\-fLLlJ'U[jl~l LtI'UGi'fl\l 
~LA~l~'\A"nl~GlfllJ ~'Ufl\lil fl\l ~fl\l n~)JL'UlJ~lJV1il fl\l HLA allele LGi rl1 n'UL'Un~)J 
fll~l~,rA~viii HLA-B*27 WlJ11 'pVL L'Un~)J VC 6iln11 TP t1~~)Jlru GlO Lvil (p 
<0.05) LLf'l~ CD4+ T cell count L'Un~)J VC iiLL'U1Lti)J~\ln11 TP LLGiLlJiiiirl~lAflJ 
V11\1~t\Glm'iGlfllJ~'Ufl\lilfl\l T cells ti\lLLlI11 VC ~~iiLL'U1Lti)J11ii breadth LLf'l~ 
cumulative maginitude of response ~\ln11 TP LLGiLlJiiiirl~lAf1JV11\1~t\Gl n~)J 
fll~l~,rA~viii HLA-B*57/58 n~)J VC ii CD4+ count ~\ln11LLf'l~ii pVL 6iln11n~)J 
TP fl£.il\1iiiirl~lAf1JV11\1~t\Gl~lV1-rlJnl~GlfllJ~'Ufl\lilfl\l T cells 'l-f\l breadth LLf'l~ 
cumulative magnitude of response ilfl\l VC ~\ln11 TP LLGiLlJiiiirl~l(o")f1JV11\1~t\G1 
(Gll~l\lvi (,YlJ, -atlvi eI. LLf'l~~t1vi 'i» 

'­



HLA-B*27 group HLA-B*S7/SS group 

TP (4) VC (4) TP (9) VC (3) 

Age (years) 34.5 (27­
44) 

25 (19-30) 34 (21-49) 28 (27-34) 

HIV-l duration (years) 3.5 (2-10) 3 (2-3) 4 (1.5-12) 2 (1-3) 

CD4 + T cell counts 
(cells/mm3

) 

292 
(195-881) 

728 
(493-1,169) 

368 
(126-658) 

699 
(495­

1,319)* 
CDS+ T cell counts 

(cells/mm3
) 

1285 
(624­

2,008) 

1388 
(1,104­
1,814) 

974 
(550-2,008) 

810 
(791-2,232) 

Plasma HIV-lload 
(copies/ml) 

11,747 
(5,728­

299077) 

1,104.5 
(742­

1900)* 

12,231 
(3,026­

1132883) 

165 
(151­

1 549)** 
4 (1-8) p24 breadth of 

responses 
(no ofOLPsJ 

2 (2-4) 7.5 (2-9) 2 (1-6) 

p24 cumulative 
magnitude of responses 

(SFU/l06 PBMC) 

1,779 
(719.5­
1,804) 

10,241 
(1,024­
16,098) 

1,496 
(542-7,913) 

2,440 
(644-3,056) 

p24 median magnitude 
of responses (SFU/l06 

PBMC) 

889.3 
(167.3-902) 

769 
(512-1,149) 

542 
(98.75­
1,445) 

644 
(205-725) 

Breadth of specific HLA­
I allele restricted 

epitopes responses (no 
of EPs) t 

natt natt 2 (0-4) 3 (2-4) 

Median magnitude of 
specific HLA-I allele 
restricted epitopes 
responses (SFU/l06 

PBMC) 

1,109 
(0-2,547.5) 

2,112 
(0-5,834) 

987 
(0-3,435) 

586 
( 483-751) 

Cumulative magnitude 
of specific HLA-I allele 

restricted epitopes 
responses 

(SFU/l06 PBMCJ 

natt natt 1,860 
(0-4058) 

2,338 
(966-3,678) 

*p value < 0.05, ** P value < 0.01, 

t HLA-B27-restricted epitope: KRWIILGLNK, KK10; 

tHLA-B57j58-restricted epitopes: LSPRTLNAW, LW9; KGFNPEVIPMF, KF11; 

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

TW10 

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

Gl151\1v1 t'lI n15LmtllJLVltl1Jn15Gl£l1JL'f'U£l\l".l..l£l\l T cells l'U TP LL~~ VC vii] protective 
HLA allele vi matched tt'U 

_.­
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E 
iil 
a; 
~1000 
c -
:J 
o 
U 

a; 500 
u 

I ­

+.., 
o o~..........~.........................~.......... ­
u 

subject group 

B 
Plasma HIV load of 

HLA-B"57158 positive individuals 
E 
Ii; 7 p = 0.0091 
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'Ilht1 'u f1l'nm[JlJb'lil[JlJ clinical outcome "1.Ifl\lfll~l~lJA'j VC bU'lt TP vi:IJ HLA allele 
bGl[J1tl'U (HLA-B*57/58) 



~"~r/l.mvilnl''j optimization nl'HlmJ cytokine m"Jr.J 
LL el 'UGi lJ el Gi &'f" ~~ lil LL ~~h'l i. 'U6l1'J1 "lil ~ 

'Uel n';Jl nth'Jl rr" Lilir.JlJL 'V1 r.JlJnl'J'hA'Jl~""i.'UL'1l~ C'flil LWnel elmn 
i.vul (fresh) LL~~i.'UL'1l~C'flil~l'Unl'JLLrlLL"ii" (frozen) LL~~L~el~~nl'JVl61~el"lilGilil~61 ~ 
1LA'Jl~""~,,&'f61iS'Ui. ';Jvil nl'J' LA'Jl ~'ViL61 r.Ji.ilL'1l~ C'flil LLr.J mni.'VIli-i" 'VIlJ 61 

6l1'Jl"lil ~ ~~~11Jnl'J Optimisation 

Antibodies Recommended 
volumes (1X) 

Optimal 
titers 

Optimal 
volumes 

APC-H7-conjugated anti­
human CD3 monoclonal 

antibody (Beckton Dickinson) 

S 1-11 1/2X 2.5 1-11 

Pacific blue-conjugated anti­
human CDS monoclonal 

antibody (Biolegend) 

20 1-11 1/16X 1.25 1-11 

PE-CyS-conjugated anti­
human CD107a monoclonal 

antibody (Beckton Dickinson) 

S 1-11 1/4X 1.25 ~II 

FITC-conjugated anti-human 
IL-2 monoclonal antibody 

(Biolegend) 

20 1-11 lX 2O.J.J1 

APC-conjugated anti-human 
TNF-o monoclonal antibody 

(Biolegend) 

5 1-11 lX 5 1-11 

PE-Cy7-conjugated anti­
human IFN-y monoclonal 

antibody (Biolegend) 

S 1-11 lX 5 1-11 

PE-conjugated anti-human 
MIP1-(3 monoclonal antibody 

(Beckton Dickinson) 

5 1-11 1/8X 0.5 1-11 
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~j~[Jv11 nl':ijLA':il~'\.-f~ fUfll'W"lJ £l"nl':iGl £llJ ~'U£l""lJ £l" T cells 
LGl[Jjfi Intracellular cytokine staining (ICS) jLA':il~~nl':ii"LA':il~~ MIP-l~, 
IFNy, TNF-o, IL-2 LL~~ CD107a T cells viiinl':iLL~Gl"£l£ln"lJ£l" markers L'VI~l'dl'U 
L"li~ ~fLGl mtt'UL~[Jn11ii polyfunctional T-cell response ,n"ii'VI ~n!p'U11LtI'UL"li~~viii 
~ fUfll'WGl LL~~iiA11:U i:u'W'UfittlJ nl':iA1lJ~:unl':iGtGlL if£l HIV L~ £l Lm[JlJ LVI [JlJ 
polyfunctional T cells l'Un~:u VC LL~~ TP (Gll':il"vi tt') 'WlJ11ii functional 
phenotype £l~ M "11uGlvi VC LL~~ TP iiA11:ULLGlnGil"tt'Umjl"i![J~lAf\!'V11,,~~Gt"lm"LLfi 
Gl) cell phenotype viiiA':ilJ (f functions l!l) cell phenotype viii d. functions L<il'Wl~ 
L"li~~viiinl':iLL~Gl"£l£ln"lJ£l" MIP-l~, IFNy, TNF-mL~~ CD107a LL~~ M) cell 
phenotype viii M functions L<il'Wl~L"li~ ~Vlii nl':iLL~Gl" £l £In"lJ £l" MIP-l~, TN F-mL~~ 
CD107a (ttlvi ~ LL~~ tt') 

Gll':il"vi tt' ':il[J.n£l£ll~l~l1A':iLL~~ HLA-alleles l'Unl':ijLA':il~'\.-f T cell functional 
quality 

Typical Progressors (TP) Viraemic Controllers (VC) 
10 Protective HLA-I 

allelest 

10 Protective HLA-I 
alleles 

HN3 l'Jonett HN2 HLA-B*2706 
HNII 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 
VKJ HLA-B*5801 

t 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, tt 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-speciflc-C08+ T cell 

responsesbetween TP and VC 
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3 
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p = 0.0106 
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Bar Chart Legend 
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d.nl'j'bA·n:a.{~rufll~ T cells ";jln£)l~l~lJA'jvill HLA-matched alleles 
b"l..hJbGi[J1nm~&1~C'lvibA[J'11bbGf1 L~£)'bA'jl~~ T-cell response 

L~[J ELISpot assay ~'~[J'1~'LA'jl~~LlI'1[Jlmil[Juqrufll~"1I£)" T cells ~1m'VlA'fiA 
ICS LLC'l~L~[JU LVI [Jut'Un~lJ £)l~l ~l1A'jvill HLA allele( s) L~ll £)'Un'UL~[J";j~LL1J" Lt/'U 

nl'j'LA'jl~~t'Un~lJ VC{TP vill HLA-B*27 bbC'l~n~lJ VC{TP vill HLA-B*57/58 

d.Gl Arufll~"1I£)"nl'jGl£)U~'U£)""1I£)" T cells t'U£)l~l~l1A'j VC LLC'l~ TP vill HLA-B*27 
VC ll'£)l ~,",£)'U"lTl"ti£)[J n")l LL~GiGl L-n£)t'U'j~[J~L1C'l1tnGfL~ [J"n'UlI~lJl ru CD4+ T cells 
"11£)" VC ll~llJlnn")l TP L~£)U l!l Lvil (Gll'jl"vi Glo) LLC'l~ pVL ~l"n'UlI'j~lJlru Gl log 
('jllvi Glo) LLC'l~L~£)'LA'jl~~ T-cell functional quality ~U")l functional T cells "11£)" 

VC ~1'Ut~rulllJlnn")1 TP LLC'l~A11lJLLGln~1"1illtim:h,",,rut'U cell phenotype villA'ju 

d function; (~lIvi GlGl LLC'l~ Gll!l) mll,,'1'jfiGlllJ T-cell fu~nctional quality vi~ut'Unl'j 
'LA'jl~~fi £)'U~til1i£ll ";jlJl";jl n ~ C'l"1l £)" nl'jGl £)U ~'U£)"vi L t/'U non-H LA-B* 2 7 restriction 
6Y,,-d'U~'~[J~"'LA'jl~~~rufll~!I£)" .:r cells vifJnn'j~Gf'U~1[J KK10 epitope vitllL~'U£) 
L~[J HLA-B*27 ~C'lnl'j'LA'jl~~U~U")l functional T cells [Jm1'U"lJ'fi~A'jU 5 
functions "11£)" TP 1l1l~lJlrutnGfL~[J"nu VC bb~~l~~U phenotype villA'ju d 

functions VC lllJlnn")l TP £)ril"lltim:h'""t1:l'Vll,,~~Gi (~lIvi GlM LLC'l~ Gld) 

Demographic data TP (4) VC (3) 

Age (years) 

Years after seroconversion 

CD4+ T cell count (cells/mm3 
) 

CD8+ T cell count (cells/mm3
) 

Plasma HIV-lload 
(copies/ml) 

34.5 (27-44) 

3.5 (2-10) 

292 (195-881) 

1285 (624-2008) 

11747 (5728­
299077) 

26 (24-30) 

3 (3) 

578 (493-1169) 

1388 (1104-1814) 

1034 (742-1175)t 

..t 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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Comparison of functional quality of 
HIV-1 Gag p24-specific-CD8+ T cell 

responses between HLA-8*27 TP and VC 
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Comparison of functional quality of 
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ct.\!) qru.fll'W"lJLhlfll'SGlillJ~'ULh'"lJeh" T cells l'Uill~l~,rA'S VC LLC'l:; TP vIti HLA­
8*57/58 VC !iill~Ail'U'ih\ltiilW"h TP (;jGlLiJil'Ul'UfYll VC L~fltiil£JLLGii,li!iumhA€\! 
V11\l~t\(;jll~lJlru CD4+ T cells "lJil\l VC !iAllJlflfll1 TP \!) LvilLL~:;!iur.HhAruV11\l 
~t\(;j (Gll'Sl\lvi G'lG'l) LL~:;pVL"lJil\l TP lJlflfll1 VC \!) log ('Jllvi G'ld') LL~:;Lsjil'LA;l:;'l-f 
T-cell functional quality 'Wlrll T cells vIti function :5 M functions "lJil\l TP !i 
lJlflfll1 VC LL~:; T cells vIti ct LL~~ d' functions "lJil\l VC !ilJlflfl11 TP LGl[J'WlJA11lJ 
LLGlflGil\lil!iu£JC:h~€\!l'U cell phenotype vi!iA'SlJ d' functions ('Jllvi G'l\) LL~:; G'lt'lJ) 

il r.Jl\li,'SnGlllJ~\lVlflC'l11lJl LLG=f1!11\lm'U T-cell functional quality vi'WlJl'Ufll'S'LA'Sl:;'l-f 
fi il'UVitililill~lJl~lfl ~C'l"lJil\l fll'SGlillJ ~'Uil\lviLtl'U non-HLA-B*57/58 restriction 
~\l,j'Uq'~[J~\l'LA'Sl:;'l-fqru.fll'W"lJilv\l T cells vif]flfl'S:;t;f'Um1[J epitopes vi'lllL~'UilLGl[J 
HLA-B*57/58 ~C'lfll'S'LA'S1:;'l-fU'WlJ11 functional T cells [JflL1'U"liUGlA'SlJ 5 
functions "lJ il\l TP !ill~lJl rutflG=fL¢i [J\lnlJ VC LLGi c:llV1~lJ phenotype vi!iA'SlJ d' 

functions VC !ilJlflfl11 TP ilr.Jl\l!iU[Jc:llA€\!V11\l~t\(;j ('Jllvi G'l~ LL~:; G'let') 

Demographic data TP (S) 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/mm3 

) 

CD8+ T cell counts 974 (550-2,008) 810 (791-2,232) 
(cells/mm3 

) 

Plasma HIV-l load 154,253 (5385­ 165 (151-1,549)** 
(copies/ml) 1,132,883) 
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~. A11)Jff)Jw'Ufi~~'\t111\l~CU511'W"l.I£h] T cells LL~~f..I~~'Wfi"l.l~\lnl~Gl~Li1~ HIV 

q~~[JGt\l~)J)JGl:il'U11polyfunctional T cells vili functions cr 
~1l~lilJV1lJ1V1 ~lAf\J~'Unl~A1lJ~)Jnl:GlG't L.n~ HIV dl\l,j'UL~m~ ~~U~)J)JGl:il'U'tiq~~[J 
~\lL~'Ill~l~l~lrA~-n\lli T cells Vili functional phenotype dl\ln~11)Jl~LA~1~\-f 
A11)Jff)Jw'UfinlJ readout vi~~vr~'UhfLl1'Uf..I~~'Wfi"l.l~\lnl~GlG'tLi1~L~LLfi pVL LL~~ 
tl5)J1CU (04+ T cells LL~~L~[JlJLVi[JlJnlJqviLlJli T cells vi highly functional 
dl\ln~11LL~~'WlJ11Lil'Wl~qli functional phenotype A~lJ cr functions LVil,j'Uvili 
A11)J~1)Jl~n1'Unl~A1lJ~)J HIV replication L~~ril\lliu[J ~lAf\JV11\l ~~GlLL~~~l)Jl~n 
~nMl~~dllJ (04+ T cell count L11'U~~dllJ~\lmh\lliu[J~lAf\JV11\l~~GlL~'Un'U 
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't>. A1llJ~ ~ln~ ~l £.J"ll fl\l epitopes vlCJntil L~'UflL(;l £.J HLA vliiA1llJ ~lJ'W'UfinlJ 
A1llJ~llJl':it:lL'Unl':iA1lJ~lJ HIV replication (HLA-B*27 LL~~ HLA-B57/58) LL~~ 
HLA vl'WlJi,GlUfl£.JL'UA'Ui,'VI£.J (HLA-A*l1) 

~~~£.Jii~lJlJ~§1'U1lnl':i(;lfllJ~'Ufl\l"llfl\l T cells vliilh~ihlJ~fll'W 
~lAt'\!vlLl1l'VllJl £.J ~~fl epitope "llfl\l T cells -d'U L(;l £.Jf'll T cells ~lJi epitope vlfj 
A1llJ ~lAC\l~ fl ~A':i\l~fl\l"ll fl\li,1~~ f1l':i(;l fllJ~'Ufl\l-d'U";j~~llJl':it:lA1lJ~lJnl':iL~lJ-;:}1'U1'U 
"ll fl\l HIV i,~lLUfl\l";jlni,1~~vl n~l £.J'W'UtflJ~L1ruvl~lAt'\!L~ fl~ ~lJnl':i(;lfllJ ~'Ufl\lc;1\1n~11 
";j~jJA1llJWnl':i"ll fl \I LA ':i\l ~fl\l LL~1til i,t1 ~nl':i~(;l replicative fitness vll hfiitl~lJl ru 
HIV plasma load ~l LL~~iinl':i~lLti'U"llfl\lL':iA-lil~\I ~~~£.Ji,GlL~fln epitopes vl 
tilL~'Ufl~l'U HLA-B*27 LL~~ HLA-B*57/58 LiJ'Uc;11flrll\l"llfl\l epitope vlfl~lJ~L1rufj 
A1llJ~lAru~flL':iA\I~fl\l"llfl\lLtI':i~'U gag ~l~~lJ epitope KK10 (KRWIILGLNK) vl 
tilL~'UflL(;l~ HLA-B*27 'WlJ1l epitope ili,'lJfjnl':in~l£.J'W'U*"(;lif'U fl~lJl£.Ji,Gl1li,1~~ 
vl'W£.Jl £.JllJ~~lJ~;J~lJn'Ufll";j n ~l £.J'W'U*L~i,'lJ ~llJl':im~lJ-;:}1'U1'Ui,m ~~flL~lJ-;:}1'U1'Ui,Gl 
'llfl£.JlJln~\I'WlJLL~ wild type KK10 epitope L'Un':iru"llfl\l epitopes "llfl\l HLA­
B*57/58 ~\lii~~l£.J epitopes i,GlLLri EW10 (ETINEEAAEW), KFll 
(KGFNPEVIPMF), QW9 (QATQEVKI\JW) LL~~ LW9 (LSPRTLNAW) ~~~£.J'WlJ1lfj 
f1l':in~l£.J'W'Utf"llfl\l epitopes 'WlJi,GlL"li'U QW9 vlii~lLLWU\lvl t") LtI~£.J'U";jln T LiJ'U S 
LL~~~lLLWU\I':ifl\l~(;lvrl£.J (N) LtI~£.J'ULiJ'U Q~~fl KFll vl G ru.~lLLWU\lvl \!) LtI~£.J'ULiJ'U 
A LL~ epitope variations ~\I~lJ(;lilLiJ'U cross-reactive epitopes c;1\1-d'U~\li,'lJi,GlLiJ'U 
f1l':in~l£.J'W'UffvlL"(;l";jl nnl':iA(;l L~ fl n'W'UtfL(;l £.J nl':i(;l fllJ~'Ufl\l ~1'U T cells L'Unl':i 
~LA':il~~ AKil vlLiJ'U epitope ~\ltilL~'Ufl~l'U HLA-A*ll -d'ULLlJ1l'WlJnl':i(;lfllJ~'Ufl\l 
Afl'U"lll\l~\I tii,'lJ'WlJ nl':in~l£.J'W'U*"lI'Un'U c;1\1-d'UiiA1llJ LiJ'Ui,t1i,Gl11 epitope lJ~L1ruii 
LiJ'U target vl~lAt'\!L~iifl'U KK10 LL(;)LiJ'Uvltil~\lLn(;l1l L'Ufll~l~1TA':ivlii ~LA-A*l1 
lJl\lA'U~\I"lvlii conserved AKll epitope LL~i,'lJii nl':i(;l fllJ ~'Ufl\l L'Un':iruUfll";jGlfl\lii 
nl':i~n'l!tln~i,nL'Unl':i 'silence' nl':i(;lfllJ~'Ufl\l"llfl\l AKll-specific T-cell response 
~fli,t1 

http:vl'W�.Jl


Donor ACQGVGGPSHK CD4 count HIVload SFU/a million PBMC 
HN14 ACQGVGGPSHK 551 32744 Non res~onse 

ACQGVGGPSHK 487 18301 Non response 
ACQGVGGPSHK 528 656 Non res~onse 

HN16 Not done 519 33851 Non response 
HN22 l'Jot done 658 3026 Non response 

HN5 l'Jot 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 

HI\l25 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 KRWIlLGLNK CD4 count HIVload SFU/a million PBMC 
HN20 KRWIILGLI\lK 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 res~onse 

Donor LSPRTLNAW CD4 count HIVload SFU/a million PBMC HLA 
HN22 LSPRTLNAW 658 3026 1196 857 

HN24 Not done 837 158 1146 857 

HN30 Not done 1310 20 1378 857 

Donor KGFNPEVIPMF CD4 count HIVload SFU/a million PBMC HLA 
HN12 KGFNPEVIPMF 464 6514 182 857 
HN16 KGFNPEVIPMF 519 33851 1144 858 

KGFNPEVIPMF 403 51887 1856 

HN40 KAFNPEVIPIVIF 956 8972 134 858 

HN48 KGFNPEVIPMF 731 96369 668 Not done 

HN24 Not done 837 158 332 857 

HN30 Not done 1310 20 466 857 

Donor ETINEEAAEW CD4 count HIVload SFU/a million PBMC HLA 
HN42 ETINEEAAEW 543 1400 874 Not done 
HN16 ITINEEAAEW 403 51887 132 858 

d.El 



Donor _QATQEVKNW CD4 count HIVload 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 HIVload 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 

&'0 



t\\I LLlI11 n1 '}'Vl &'I ~ellJ1'A-ll'UL '}A Lel &) ~t'Uu'}::L'Vl~"L 'Vl [JA~\I ~1 ~ &'I 

'WlJ111'A-ll'U1JU,}::~'Vlfi.fl1'WU,}::lJ1 ru. MGl LU el1L.n'UG1 LLm,}::~lJn1'}i1 el\l fl'U~\In ~11 [J\I"L)j 

LVl [J\I'W elvilJ1hr1.i~~\1 LL~::[J\I "L)j 'Vl'}llJ n ~ "Ln LL ti'l1&'1111'A-ll'U~\I n ~11 ~llJ1'}()i1 el\l fl'Unl,} 

~&'I Liiel HIV "Liel£ll\l"L '} LLm L'liel\l~l nLA,}\I~f1\l~el\l1'A-ll'U~\I n~11 "L)j ~llJ1'}()n'}::G)'U T 

cells LL~&'1\111 ~~ n1'}'Vl &'I ~ellJ~ el\l1' A-ll'U"lI'U&'I'tl"L)j Lf1 m'7.lel\l fllJ n1,}&) ellJ ~'Uel\l~ el\l T cells 

~\lii'U 1J A11lJ LlI'U "LU"Li11U,}::~'Vl~.fl1'W~ el\l1' A-ll'Uvi"L)j GllJ1 nun el1~ L'liel\llJ1~1n n1,}vi 

1'A-ll'U"L)j"Lin'}::G)'Un1,}&) ellJ ~'Uel\l~el\l T cells ~\lii'U q'~[J~\lvl1nl,}' LA,}l::~n1'} 

&)ellJ~'Uel\l~el\l T cells t'Um ~1 ~llA,}A'U"L 'Vl[J L&'I mU~[JlJ LVI [JlJ,}::VI11\l qvi~llJ1,}() 

A1lJ'9lJn1,}L~lJ-;l1'U1'U"L1~~"LiGl (Vi raernic/elite controller) LL~::el1 ~l~lTA'}vi"L)j 

~llJ1,}()A1lJ'9lJ"L1~~"Li (Typical progressor) 

t'Un1'}~mi1'tl'WlJ11 protective allele "L)j"Li1J~~mel clinical 

outcome ~\I"lviif~~[J~'Uviel1~1J~~mel outcome tmrL~[J\lfl'U ~\lii'U ~\l1JA11lJLil'U"Lu 

"Li11~~~el\l protective allele t'Un1'}Ami1t'Uu'}::"lf1n,}AelLALii[J'U LL~::e!vJ~fl'Uel1~ 

"L)j"Li1J ~~el £ll\l LGl mfl'Ut'Un~lJu,}::"lf1 n'}"L'Vl [J -it\l el1~lJ1~1 nif~~[J'Vl1\l viral variation 

"'~el host HLA t'U,}::~lJ high resolution ~\lii'UL'Y~el&)ellJA1()llJL~el\ln1,}&)ellJ~'Uel\l~el\l 

T cells viLL&'Inm1\lfl'U~el\lel1~1~lTA'}vi1JA11lJ~llJ1'}()t'UA1lJ'9lJ HIV vim1\lfl'U ri'~[J 

~\lLLtJ\ln~lJel1~1~llA,}elelnLil'U M n~lJ "LiLLri elite controller, viraemic controller 

LL~:: typical progressor L~el' LA,}l::'IA' n1'}&) ellJ~'Uel\li1 [J ELISpot assay 'WlJ11 

viraemic controller 1J breadth LL~:: magnitude ~el\ln1,}&)ellJ~'Uel\l"L)jLL&)nm1\l~ln 

typical progressor 

L'\iel\l~lnn1,}&)ellJ~'Uel\l~el\l T cell 11'UfllJ HLA class 

molecule LlI'U"Lu"Li11~ ~~ el\l n1,}L~[JlJLliI[JlJ n1'}&'1 ellJ~'Uel\lt'Uel1~1 ~llA,} VC LL~:: TP 

el1~11'UfllJ HLA alleles vim1\lfl'Ui1[J "L)j"LilJ1n~lnA11lJ~llJ1,}()~el\ln1,}A1lJ'9lJ"L1~~ 

LLmLVl[J\lel£ll\lLGlm ~\lii'U q'~[J~\lL~[JlJLliI[JlJL~vn::el1~1~lTA'}vi1J HLA allele 

LGlmfl'U ~~n1,}Lu~[JlJLVI[JlJt'U~miru.::'Ih"'llJ11 clinical outcome (viU,}::LlJ'Ui1[J 

CD4/pVL) ~el\l VC 1J~~~'WfiviGln11 TP ~\lqvi1J HLA-B*27 LL~:: HLA-B*57/58 LLm 

n1,}&'IellJ~'Uel\l~el\l T cells "L)j1JA11lJLL&'I nm1\l el £ll\l1JU[J ~1~()J'Vl1\l ~tl~q'~[J~\I 

~\I ~lJlJ~§1'U11'9ru..fl1'W~ el\l T cells (vi ~::vrel'UL&'I [J polyfunctional T cells) el1~1J 

A11lJ~lJ'W'UfifllJn1,}A1lJ'9lJ HIV lJ1nn11 ~\I"L&'I'LA,}1::~'9ru..fl1'W~el\l T cells ~\lmh1 

L&)[J intracellular cytokine staining (ICS) 

I 



Aru.~q'~[J lJVllJlVl~el\lUn'~mLGi ~~A1..111..1nl'jv1l'~[J LL~~~61~11..1viv1l nl'j'~[J (%) 

lX1WUliA'j\lnl'j'~[J i.Vl[J 1..1l[JUn~§ lX\I~~61 

e!\In(l1i Mr.Pokrath Hansasuta 

~lLLWU\I q"li1[J~l~61'jl';jl'j[h~&'flJ ~ 

q'~[J~~n el eln LLlJlJ nl'j~n1il'~[J ~l L U1..1nl'j 

lJVllJlVl '~[J 'LA'jl~\f~~nl'jVl61~el\l LL~~L'fl[J1..1 

lJVlA1l:U L~1..1el ~ ~\Il1..1'~[J 

,fllA''lll, ~i11'Vl [Jl Aru.~LL 'WVl [J~l ~61f 

,Wl ~\1 n'jru:U~l'Vl [Jl~[J 

Cllo LUelfL-ii1..1Gl 

q'h:ULA'j\l nl'j'~[J A1..1vi c;') i.Vl [J 1..1l [J1..11'W ~ L61'll~Ln~[J\li.n'j 

e!\In(l1i Mr.Navapol Techakriengkrai 

~lLLWU\I iliS61U~t1!t1!liVl 

lJVllJlVl ~lLu1..1m'j'~[J , LA'jl~\f~H~ nl'jVl61~el\l 

,fllA''lll, ~i11'Vl [Jl Aru.~LL 'WVl [J~l ~61f 

,Wl ~\In'jfibJ~l'Vl [Jl~[J 

~61~Tunl'jv1l\ll1..1 MO LUelfL-ii1..1Gl 



Lflfl ~l'l£ll\l ~\I 

[1] Orrell C. Antiretroviral adherence in a resource-poor setting. Current 
HIV/AIDS reports. 2005 Nov;2(4):171-6. 
[2] Friis-Moller N, Weber R, Reiss P, Thiebaut R, Kirk 0, d'Arminio 
Monforte A, et al. Cardiovascular disease risk factors in HIV patients-­
association with antiretroviral therapy. Results from the DAD study. Aids. 
2003 May 23;17(8):1179-93. 
[3] Geretti AM. Epidemiology of antiretroviral drug resistance in drug-naive 
persons. Curr Opin Infect Dis. 2007 Feb;20(1):22-32. 
[4] Kelleher AD, Long C, Holmes EC, Allen RL, Wilson J, Conlon C, et al. 
Clustered mutations in HIV-l gag are consistently required for escape from 
HLA-B27-restricted cytotoxic T lymphocyte responses. J Exp l\!led. 
2001; 193(3):375-86. 
[5] Moore CB, John M, James IR, Christiansen FT, Witt CS, Mallal SA. 
Evidence of HIV-l adaptation to HLA-restricted immune responses at a 
population level. Science. 2002 May 24;296(5572): 1439-43. 
[6] Letvin NL, Daniel MD, Sehgal PK, Desrosiers RC, Hunt RD, Waldron LM, 
et al. Induction of AIDS-like disease in macaque monkeys with T-cell tropic 
retrovirus STLV-Ill. Science. 1985 Oct 4;230(4721):71-3. 
[7] Gao F, Bailes E, Robertson DL, Chen Y, Rodenburg CM, Michael SF, et 
al. Origin of HIV-l in the chimpanzee Pan troglodytes troglodytes [see 
comments]. Nature. 1999;397(6718):436-41. 
[8] Lemey P, Pybus OG, Wang B, Saksena NK, Salemi M, Vandamme AM. 
Tracing the origin and history of the HIV-2 epidemic. Proc Natl Acad Sci U S 
A. 2003 May 27; 100(11):6588-92. 
[9] Currier JR, deSouza M, Chanbancherd P, Bernstein W, Birx DL, Cox JH. 
Comprehensive screening for human immunodeficiency virus type 1 subtype­
specific CD8 cytotoxic T lymphocytes and definition of degenerate epitopes 
restricted by HLA-A0207 and -C(W)0304 alleles. J Virol. 2002 
May;76(10):4971-86. 
[10] Tovanabutra S, Watanaveeradej V, Viputtikul K, De Souza M, Razak 
MH, Suriyanon V, et al. A new Circulating recombinant form, CRF15_01B, 
reinforces the linkage between IDU and heterosexual epidemics in Thailand. 
AIDS Res Hum Retroviruses. 2003 Jul;19(7):561-7. 
[11] Montefiori DC, Pantaleo G, Fink LM, Zhou JT, Zhou JY, Bilska M, et al. 
Neutralizing and infection-enhancing antibody responses to human 
immunodeficiency virus type 1 in long-term nonprogressors. J Infect Dis. 
1996; 173(1):60-7. 
[12] Moog C, Fleury HJ, Pellegrin I, Kirn A, Aubertin AM. Autologous and 
heterologous neutralizing antibody responses following initial seroconversion 
in human immunodeficiency virus type 1-infected individuals. J Virol. 
1997;71(5):3734-41. 
[13] Moore JP, Cao Y, Qing L, Sattentau QJ, Pyati J, Koduri R, et al. Primary 
isolates of human immunodeficiency virus type 1 are relatively resistant to 
neutralization by monoclonal antibodies to gp120, and their neutralization is 
not predicted by studies with monomeric gp120. J Virol. 1995 Jan;69(1): 
101-9. 



[14] Pilgrim AK, Pantaleo G, Cohen OJ, Fink LM, Zhou JY, Zhou JT, et al. 

Neutralizing antibody responses to human immunodeficiency virus type 1 in 

primary infection and long-term-nonprogressive infection. J Infect Dis. 

1997; 176(4):924-32. 

[15] Wilson JD, Ogg GS, Allen RL, Davis C, Shaunak 5, Downie J, et al. 

Direct visualization of HIV-l-specific cytotoxic T lymphocytes during primary 

infection. Aids. 2000; 14(3):225-33. 

[16] Ogg GS, Jin X, Bonhoeffer 5, Dunbar PR, Nowak MA, Monard 5, et al. 

Quantitation of HIV-l-specific cytotoxic T lymphocytes and plasma load of 

viral RNA. Science. 1998;279(5359):2103-6. 

[17] Klein MR, van Baalen CA, Holwerda AM, Kerkhof Garde SR, Bende RJ, 

Keet IP, et al. Kinetics of Gag-specific cytotoxic T lymphocyte responses 

during the clinical course of HIV-l infection: a longitudinal analysis of rapid 

progressors and long-term asymptomatics. J Exp Med. 1995;181(4):1365-72. 

[18] Rowland-Jones 5, Sutton J, Ariyoshi K, Dong T, Gotch F, McAdam 5, et 

al. HIV-specific cytotoxic T-cells in HIV-exposed but uninfected Gambian 

women [published erratum appears in Nat Med 1995 Jun;1(6):598]. Nat Med. 

1995; 1(1):59-64. 

[19] Rowland-Jones SL, Dong T, Dorrell L, Ogg G, Hansasuta P, Krausa P, 

et al. Broadly cross-reactive HIV-specific cytotoxic T-Iymphocytes in highly­

exposed persistently seronegative donors. Immunol Lett. 1999;66(1-3):9-14. 

[20] Rowland-Jones SL, Dong T, Fowke KR, Kimani J, Krausa P, Newell H, et 

al. Cytotoxic T cell responses to multiple conserved HIV epitopes in HIV­

resistant prostitutes in Nairobi [see comments]. J Clin Invest. 

1998; 102(9): 1758-65. 

[21] Hansasuta P, Rowland-Jones SL. What makes some people resistant to 

HIV infection? Current Medical Literature-Infectious Diseases. 2000; 14:85-91. 

[22] Goulder PJ, Phillips RE, Colbert RA, McAdam 5, Ogg G, Nowak MA, et 

al. Late escape from an immunodominant cytotoxic T-Iymphocyte response 

associated with progression to AIDS. Nat Med. 1997;3(2):212-7. 

[23] Goulder PJ, Brander C, Tang Y, Tremblay C, Colbert RA, Addo MM, et 

al. Evolution and transmission of stable CTL escape mutations in HIV 

infection. Nature. 2001;412(6844):334-8. 




1. Gl'U~Ur1J ( Original article ) ~\l~VllJWi.'U11TI::fl'j AIDS 

L~f)\l The role of T cell on the HIV evolution: An essential 

information for HIV vaccine development 



Total = 3498 words 

2 Poor HIV control in HLA-B*27 and -8*57/58 non-controllers is resulted from limited 

3 number of polyfunctional Gag p24-spedfic-CD8+ T cells 19 words 119 characters 

4 NAVAPON TECHAKRIENGKRAI1,2, YADA TANSIRI1,2, POKRATH HANSASVTA1* 

5 lDivision of Virology, Department of Microbiology, Faculty of Medicine, Chulalongkorn University 

6 2Interdisciplinary Program, Graduate School, Chulalongkorn University 

7 *Corresponding author's address: Faculty of Medicine, Chulalongkorn University, Rama 4 road, 

8 Bangkok 10330, Thailand 

9 *Corresponding author's email address:Pokrath.H@Chula.ac.th 

10 Source of Funding support: This work is supported by Government grant (through NRCf and 

II Chulalongkorn University, Thailand). PH is Thailand Research Fund Scholar. NT is funded by 

12 Chulalongkorn University Graduate Scholarship to commemorate the 72nd Anniversary of HM King 

13 Bhumibol Adulyadej. 

14 Some data had been previously presented at Keystone Symposium 2011. 

15 

16 

17 

18 

19 

20 

21 

22 



23 Abstracts 249 words 

24 Objectives: Analysis of immune response in HIV controllers, a unique group of infected individuals 

25 who are able to control HIV naturally, have provided us a chance to investigate the roles of host 

26 immune responses in HIV control. 

27 Design: In this study, the functional quality of HIV Gag p24-specific-C08+ T cell responses were 

28 assessed and compared between the groups of clinically distinct, HLA-B*27, -B*57/58 matched 

29 individuals, viraemic-control/ers (VC, pVL :$ 2,000 copies/ml) and non-controllers (NC, pVL > 2,000 

30 copies/ml) to determine their impacts on natural HIV clinical outcome. 

31 Methods: An ex vivo IFN-y EUSpot assay was used to screen for each individual's HIV Gag p24­

32 specific-T cell responses. Intracellular Cytokine Staining assay was used to determine their functional 

33 quality (as number of cytokine being produced). 

34 Results: We found that, in contrast to previous studies, all Thai volunteers with HLA-B*5801 were 

35 uniformly non-controllers. HIV Gag p24-specific-CD8+ T cell responses of VC were with larger 

36 number of high functional quality CD8+ T cells than those of NC (p < 0.05). This superior quality of 

37 responses was observed at both whole p24- and epitope-specific level. Moreover, the absolute 

38 number of high functional quality HIV Gag p24-specific-C08+ T cells was Significantly in a negative 

39 correlation with pVL (r = -0.6984, P = 0.0006) and also in a positive correlation with C04+ T cell 

40 count (r =0.5648, P =0.0095). 

41 Conclusion: We concluded that an adequate number of high functional quality Gag p24-specific-C08+ 

42 T cells is important in order to become a natural HIV controller. 

43 Keywords: HIV Gag p24, HLA-B*27, HLA-B*57/58, functional quality of C08+ T cell responses, HIV 

44 controller 
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48 Introduction 441 words 

49 Although anti retrovira I therapy (ART) has been demonstrated as an effective way to reduce 

50 morbidity, mortality and, more importantly Human Immunodeficiency Virus (HIV) transmission, its 

51 deleterious side-effects and cost also put a lifelong burden on its users. Prevention of HIV by vaccine 

52 is believed to be the most cost-effective and yet safe intervention for HIV/AIDS epidemic. Decades of 

53 disappointing HIV vaccine development has asked us an important question "what are the immune 

54 correlates of protection against HIV infection?". 

55 Several immunological factors have been linked with HIV control in which HIV-specific-CD8+ T 

56 cells are convincingly the most important component [1]. Impacts of HIV-specific-CD8+ T cells have 

57 been evidently demonstrated in a large number of studies, including: reduction of peak viraemia 

58 observed during primary infection, higher SIV load and rapid disease progression in CD8+-depleted 

59 macaque, direct killing of CD4+ T cells and suppression of HIV replication [2-8]. Recent evidence 

60 showed us that not all T cells were protective against HIV [9]. Presence of HIV-specific T cells 

61 . defined by gamma interferon assay is not indicative of T-cell mediated immunity. Subsequent works 

62 confirmed that only T cells with higher functional quality were protective and hence controlling HIV 

63 replication in HIV-infected individuals with good clinical outcome [9-11]. These high functional 

64 quality or "polyfunctional" T cells are T cells which simultaneously produce multiple 

65 cytokines/chemokines, up-regulate surface cytotoxic function such as CDI07a and are perhaps with 

66 proliferative capacity [12]. Not only functional quality of the HIV-specific T cells, specificity of these T 

67 cells is undoubtedly essential to determine level of protection against HIV infection. T cells targeted 

68 at capsid p24 of HIV were seen to be associated with low HIV-RNA, while other T cells specific to 

69 other proteins seemed to relate with high viral load [13]. 

70 Amongst associations between HIV control and CD8+ T cell responses, the most unequivocal 

71 evidence is the protective effect observed with some certain HLA-I alleles [14, 15]. These HLA-I 

72 alleles are frequently presented in a unique group of infected individuals termed "HIV controllers", 

73 who are able to control HIV naturally (lower than 2,000 copies/ml HIV load). There are 3 HLA-I 

74 alleles frequently regarded as "protective alleles": HLA-B*27, -B*57 and -B*58 [14-18]. These 

75 associations of HIV control may be hypothetically resulted from T cells recognition of epitopes 



76 presented on these 'protective' HLA alleles [18-22]. However, possessing these protective alleles 

77 does not guarantee good clinical outcome in HIV-infected individuals, it is interesting to see quality of 

78 the T cells in protective allele-matched individuals who have differential control of HIV replication. 

79 In this study, we asked whether functional quality of the T cells directing against same p24 

80 antigen in protective HLA-I allele-matched controllers and non-controllers were different. 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 



97 Materials and methods 838 words 

98 Study subjects: Forty-five chronically HIV infected individuals, from King Chulalongkorn Memorial 

99 hospital and HIV clinic, Thai Red Cross Society, were enrolled into this study. All were antiretroviral 

100 drug naTve with no opportunistic infections. Signed infonned consents were obtained from all 

101 individuals. This study was approved by Ethic Committee of Faculty of Medicine, Chulalongkorn 

102 University. 

103 Clinical data: Plasma HIV load (pVL) (Roche, USA), complete blood count (CBC), CD4+ and CD8~ 

104 cell count (Beckman Coulter, USA) were detennined at Department of Microbiology, King 

105 Chulalongkorn Memorial hospital, Thai Red Cross SOCiety. 

106 Subjects categorization: Donors were categorized into 2 groups according to their pVL, "viraemiC­

107 controllers" (VC, pVL ~ 2,000 copies/ml) and "non-controllers" (NC, pVL > 2,000 copies/ml) as 

108 defined elsewhere [23, 24]. Only donors with consecutively, 3 months apart, pVL control were 

109 considered Vc. 

110 PBMC preparation: Peripheral blood mononuclear cells (PBMC) were isolated from 

III ethylenediaminetetraacetic acid (EDTA) blood by standard density-gradient centrifugation using Ficol/ 

112 Hypaque (Amersham Biosciences, Sweden). Isolated PBMC were either used freshlY in an ELlSpot 

II3 assay or rested at 106 PBMC/ml overnight in R10 (RPMI1640 (Gibco, USA) supplemented with 10% 

114 heat-inactivated Fetal Bovine Serum (Lonza, USA» for an intracellular cytokines staining (ICS) assay 

115 performing on the following day. The rest were cryo-preserved at -80t for future usage. 

116 HLA typing: HLA class I alleles were typed using both PCR-sequence-specific-oligonucleotides (PCR­

117 SSOP) and PCR-sequence-specific-primers (PCR-SSP) by Proimmune Ltd. (Oxford, UK) 

118 HIV p24 sequencing: Viral RNA was extracted from 200 1-11 of fresh or frozen plasma. Reverse 

119 transcription-nested PCR were performed using the following primers; 5'-GAGGTGCA 

120 CACAGCAAGAGGCG-3', 5'-CCCCCfATCATTTTTG GTTTCC-3' (outer1), 5'-GCGRCfGGTGAGTACGCC-3', 

121 5'-RGGAAGGCCAGATYITCC-3' (outer2) and 5'-GGCGAGAGCGGCGACfGGTGAG-3', 5'-CCCCTCTGT 



134 

122 ATCATCTGCTCCTGTATC-3' (inner) for p24. All sequences were analyzed using Bioedit Sequence 

123 Alignment Editor version 7.0.9.0 [25]. 

124 Design of currently drculating HIV Gag p24 overlapping peptides (OlPs) and epitopes: 

125 Twenty-three OlPs (20 overlapped by 10 amino acids) and 7 HLA-B*27, B*57 and B*58 restricted 

126 epitopes (supplementary table 1) spanning Gag p24 protein were designed based on a consensus 

127 sequence derived from 10 randomly selected HIV infected individuals. The majority of these 

128 sequences (9/10) were CRF_OlAE subtype (supplementary figure 1). All peptides were synthesized 

129 by Mimotopes (Australia). 

130 EUSpot assay: Gamma Interferon (IFN-y) EUSpot was performed as follow. In brief, 2.5x105 

131 freshly isolated PBMC was plated into each we" of 96 wells-polyvinylidene-plate (Millipore, USA) which 

J32 were manually coated for 3 hours with 15 J.lg/ml of anti IFN-y mAb (D1K, Mabtech, Sweden) and 

133 incubated at 37°C, 5% CO2 for 15 hours in the presence of 10 J.lg/ml of 

• Phytohaemagglutinin (Sigma-Aldrich, Germany) 

J35 and RlO was used as a positive and negative control. After discarding cell suspension, biotinylated­

136 secondary anti IFN-y mAb (7-B6-1, Mabtech, Sweden) was added at a final concentration of 1 J.lg/ml 

137 and incubated in dark for 3 hours. Streptavidin-conjugated-alkaline-phosphatase (Mabtech, Sweden) 

138 was then added and incubated for another hour. Plate was developed using alkaline-phosphatase 

139 substrate kit (BioRad, USA). Spot forming unit (SFU) were determined using EUSpot reader (carl­

140 Zeiss, USA) and calculated by subtracting with negative control. Only responses with more than 50 

141 SFU/106 PBMCs and 10 times over the background were considered positive. 

142 P24-spedfic-CDS+ T cells functional quality determination: Overnight-rested PBMC were 

143 washed, resuspended and adjusted with RiO to a concentration of 107 PBMC/ml. One hundred 

144 microliter of cell suspension was cultured with anti-human CD28, anti-human CD49d, anti-human 

145 CD107a PE-Cy5 (Beckton Dickinson, USA), Brefeldin-A (Sigma-Aldrich, Germany) and 10 I..lg/ml of 

146 each EUSpot-responding peptide and incubated at 37°C, 5% CO2 for 6 hours. Streptococcus 

147 enterotoxin B (Sigma-Aldrich, Germany), irrelevant peptide and dimethyl sulfoxide (DMSO) (Sigma­

148 Aldrich, Germany) were used as positive and negative control. PBMC were then stained with anti­

149 human CD3 APC-H7 (Beckton Dickinson, USA) and anti-human CDB Pacific Blue (Biolegend, USA) and 



150 incubated for another 20 minutes. PBMC were permeabilized using Cytofix/Cytoperm (Beckton 

151 Dickinson, USA) according to user manual and stained with anti-human IL2 FITC, anti-human "ThIF-a 

152 APC, anti-human IFN-y PE-Cy7 (Biolegend, USA) and anti-human MIP1-~ PE (Beckton Dickinson, USA) 

153 for an additional 30 minutes. PBMC were fixed with 1% paraformaldehyde in phosphate buffer saline 

154 (Sigma-Aldrich, Germany), kept at 4°C overnight and analyzed on FACS Aria II (Beckton Dickinson, 

155 USA). All analyses were performed using FACSDiva software version 6.1.2 (Beckton Dickinson, USA). 

156 Only CD3+CD8+ T lymphocytes were taken into account as shown in gating strategy (supplementary 

157 figure 2). Specific CD8+ T cell responses were calculated by subtracting with negative control. Only 

158 responses above background level were considered positive. CBC and CD8+ T cell count data were 

159 used to calculate absolute numbers of responding cells. Multi-parameter analyses were perfonned 

160 using FCOM algorithm on WinList software (Verity Software House, USA). With the 5 cytokine being 

161 investigated, total number of 32 possible functionally-distinct CD8+ T cell subpopulations (functional­

162 phenotypes) was generated. Individuals' absolute number of each functional-phenotype was used to 

163 calculate group median which was subsequently compared to determine the differences between 

164 groups. 

165 Statistical analysis: All statistical analyses were performed using Prism version 5 (Graphpad 

166 Software, USA). Two-tailed, Mann-Whitney U test was used to compare group median and Spearman 

167 R test was used to determine a correlation. 
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P value < 0.05 was considered statistic Significance. 



181 

182 

183 

175 Results 1266 words 

176 Protective HLA-I a"eles were not associated with HIV control 

177 We categorized donors in this study according to their plasma HIV load (pVl) to reflect their 

178 HIV control ability. Indeed, viraemic-controllers (VC, n=13) were with better clinical outcome than 

179 non-controllers (NC, n =32) as reflected by absolute CD4+ count (table 1). This difference was not 

180 due to their stage of HIV infection since their median time after first diagnosis was similar (table 1). 

184 Surprisingly, both CD4+ count and pVl were not different between PA and 

185 nPA (table 1). This comparable clinical outcome was independent of HIV duration and other 

186 demographic characteristics (table1). Indeed, there was a similar proportion of PA in both VC (70%) 

187 and NC (60%). It was apparent that mere presence and absence of protective-allele(s) was not 

188 associated with clinical outcome in this study. This finding suggested that possession of protective­

189 allele(s) per se might not be sufficient to arm HIV-infected individuals with protective HIV immunity, 

190 and additional factors would be required to confer an ability to control HIV. 

191 Interferon-y producing T-ce"s were of similar characteristic between VC and NC 

192 In order to determine the protective effect of HIV-specific-T cells, we investigated p24­

193 specific-T cell responses in fresh PBMC by an interferon-y (IFN-y) ELISpot assay. There were 4 non­

194 responders, 3 VC and 1 NC which were excluded from further investigations. Overall, both NC and 

195 VC mediated the same breadth of responses (median = 3 alPs). Although VC seemed to mount 

196 higher magnitude of responses than NC, it was not statistically significant (table 2A). Different HLA-I 

197 restriction might have an effect on both breadth and magnitude of T-cell responses. These 

198 differences were likely due to the frequency of HLA-I alleles which, in turn, having an influence on 

199 immunodominance of epitopes in a certain population or patient. In order to exclude impacts of HLA­

200 I restriction, p24-epitop€s-specific-T cell responses of VC and NC were analyzed in a PA-matched 

201 manner. There were 8 HLA-B*27 positive donors in this study consisting of 4 VC and 4 I\le. In this 



213 

214 

202 HLA-B*27 positive group, VC had significantly lower pVl than NC (1,104.5 vs. 11,747 copies/ml, 

203 p<0.05). Though C04 count was higher in VC than NC, it did not reach statistic significance (table 

204 2B). Similarly, in HLA-B*S7/58 positive group, there were 3VC and 9 NC in which VC had Significantly 

205 lower pVL and higher C04+ count than NC (table 2B). However, better clinical outcome observed in 

206 either HLA-B*27 and HLA-B*57/58 positive VC could not simply be explained by their better T-cell 

207 responses as estimated by IFN-y EUSpot assay, since epitope-specific-T cell responses were similar. 

208 In addition, the overall p24-specific-T cell responses (as defined by both breadth and median 

209 magnitude of T cell responses against 23 OlPs spanning Gag p24 protein) were also not different 

210 between these PA-matched VC and I\lC (table 2B). These findings suggested that, at an epitope­

211 specific level, analysis of IFN-r producing cells might not be accurate enough for evaluating the 

212 protective quality of the p24-specific-T cell responses [9]. 

215 P24-specific-CDS+ T cell responses of VC were of higher functional quality than those of 

216 NC 

217 Total number of 20 subjects (8 VC and 12 NC) was included in this functional quality 

218 assessment by using multi-parametric flow cytometry upon stimulation with each responding peptide 

219 previously defined by an IFN-y ELISpot assay. Fresh PBMC from the same time-point with ELISpot 

220 screening were used as results from our preliminary study showed an enhanced sensitivity of cytokine 

221 detection when using fresh PBMC as compared to frozen samples (data not shown). Moreover, with 

222 the CBC data, we were able to calculate absolute number of responding C08+ T cells, hence allowed 

223 us to investigate p24-specific-C08+ T cell responses in their actual number, not the proportion of total 

224 lymphocyte. 

225 Firstly, p24-specific-C08+ T cell responses were determined as a whole (summation of every 

226 single OlP-specific response in each individual). Significantly larger number of high functional quality 

227 p24-specific-CD8+ T cells (defined as having simultaneous 4 or 5 functions) was observed in VC as 

228 compared to NC (figure 1A). Next, an absoiute number of each possible functional-phenotype was 

229 compared between NC and VC to determine its association with HIV control. Though many 



230 functional-phenotypes were different between VC and NC, only 3 reached statistical significance; full 

231 5 functions, IL-2~~~lfN-y+C0107a~IP1-j3+,--4 -functlonsTNF,:,a'FfiFV+COTOla-+MIPr.:j3+--aiid 3 

232 functions IFN-y+C0107a+MIP1-j3+ (figure 1B). The absolute number of these subpopulations in VC 

233 and NC were 47 vs. 0 cell/mm3 (p = 0.01), 352 vs. 62 cell/mm3 (p = 0.0038) and 91 vs. 9 cell/mm3 

234 (p = 0.01), respectively. In NC, p24-specific-CD8+ T cell responses were dominated by single MIP1-j3 

235 producing cells (figure 1B). 

236 Discordant HIV control between protective-allele(s) matched donors was attributed from 

237 the functional quality of CDS+ T cell responses 

238 Next, P24-specific-C08+ T cell responses from VC and NC matching for the same protective 

239 HLA-B*27 or HLA-B*57/58 allele were subsequently analyzed to determine whether their diverse 

240 clinical outcome was resulted from their different quality of responses. In HLA-B*27 group, VC (n=3) 

241 exhibited significantly more p24-specific-C08+ T cells with 5 functions than did NC (n=4) (437 vs. 0 

242 cell/mm3
, p < 0.05). Although several other functional-phenotypes were also higher in VC than NC, 

243 these differences were not statistically significant (figure 2A). We next determined their quality of 

244 response against an HLA-B*27 restricted epitope, KRWIILGLNK (KK10). Significantly larger number 

245 of full 5 functions, KK10-specifc-C08+ T cells was observed in VC than NC (figure 2B). Similarly, HLA­

246 B*57/58 positive VC (n=3) possessed significantly larger number of p24-specific-C08+ T cells with 5 

247 functions than did NC (n=5) (23 vs. 0 cell/mm3
, p < 0.05) (figure 2C). However, there were not 

248 enough number of responders to assess each of the 6 HlA-B*57/58-restricted epitope being 

249 investigated individually, they were accumulated as a summation of ali the responding epitopes of 

250 each subjects. Though, larger number of 5 functions C08+ T cells was observed in VC than NC, it did 

251 not reach statistic significance (figure 20). 
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256 Better clinical outcome could be explained by an absolute number of high functional 

257 quality p24-spedfic-CDS+ T cells 

258 Results from our previous experiments had demonstrated an association between high 

259 functional quality C08+ T cell responses and good clinical outcome in both whole p24 protein specific 

260 and a single epitope level (figure 1-2). We next determined the relationship between functional 

261 quality of p24-specific-C08+ T cell responses and readouts of HIV clinical outcome (C04+ count and 

262 pVL). Significantly lower level of pVL was observed in HIV-1 infected donors possessing p24-specific­

263 C08+ T cells with full 5 functions (n=l1) compared to those who did not (n=9) (figure 3A). In 

264 addition, these donors with full 5 functions C08+ T cells also had Significantly higher level of C04+ 

265 count (figure 38). Furthermore, an absolute number of C08+ T cells with full 5 functions and 4 

266 functions were Significantly in negative correlation with pVL (r = -0.6984, P = 0.0006 and r = -0.5729 

267 P = 0.0083, respectively)(figure 3C and 3E) and in positive correlation with C04+ T cells count (r = 

268 0.5648, P = 0.0095 and r = 0.4567, P = 0.0429, respectively) (figure 30 and 3F). These data 

269 suggested that good clinical outcome observed in VC was strongly associated with their absolute 

270 number of high functional quality p24-specific-C08+ T cells. 
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280 Discussion 953 words 

281 This study examined the functional quality of the immunodominant antigen-specific CD8+ T­

282 cell responses in Thai individuals mostly infected with CRF01_AE virus. Roles of host immune 

283 response in HIV control are better illustrated in a unique group of HIV infected individuals called "HIV 

284 controllers" who are able to maintain low HIV load without anti-retroviral treatment for years. In this 

285 study, we demonstrated that mere presence of some previously defined "protective alleles" (HLA­

286 B*27, -B*57 and -B*58) per se did not guarantee this controller status. The previously-described 

287 protective allele "HLA-B*5801" did not confer any protective effect in our study. In fact, all HLA­

288 B*5801 volunteers were non-controllers. Moreover, we also demonstrated that an ability to control 

289 HIV was strongly associated with absolute number of Gag p24-specific-CD8+ T cells with high 

290 functional quality. 

291 Presence or absence of an HLA-B*27-restricted KRWIILGLNK (KKIO)-specific T-cell response 

292 was demonstrated to determine HIV loads in HLA-B*2r individuals [26-28]. In our study, however, 

293 the comparable frequency and magnitude of the KKlO response was seen in VC and NC. Unlike 

294 previous observation [26, 28, 29], epitope escape mutation did not explain failure to mediate T-cell 

295 response in KK-IO non-responder (data not shown). However, high resolution HLA analysis revealed 

296 that HLA-B*27 of the non-responders was indeed HLA-B*2706 whilst KKIO responders had HLA­

297 B*2704 and -B*2705 alleles. Lack of KKIO response in the non-responders might be related to 

298 differential epitope-binding properties amongst HLA-B*27 subtypes. HLA-B*2705-KK10 crystal 

299 structure has demonstrated that residues 77 and 116 are key residues in determining F-pocket 

300 binding affinity [30]. Replacing wild type acidic aspartic acid residue at position 77 with nucleophilic 

301 serine (as observed in HLA-B*2704) may have minor effect on KKIO epitope recognition, since HLA­

302 B*2704+ individuals seem to recognize KKlO equally well. On the other hand, substitution of aspartic 

303 acid at residue 116 with bulky aromatic side chain tyrosine (as observed in HLA-B*2706) may 

304 abrogate binding of KKIO epitope and lead to failure of the T-cell response in HLA-B*2706+ 

305 individuals. 

306 Due to the limited number of only 1.3% HLA-B*5701 carriers in Thai population [31] and 

307 since HLA-B*5701 or HLA-B*5801 are both members of HLA-B58 supertype which share the same 



308 binding specificity [3~], study of these HLA restricted T cell responses were considered as a combined 

309 group of HLA-B*57/58 positive individuals in this study. Unlike HLA-B*27, HLA-B*57/58 presents 

310 more than 1 HIV Gag p24 epitopes [18, 21, 22, 32-35]. The strong association observed between 

311 HLA-B*57/58 and HIV control is hypothetically resulted from CD8+ T cell responses against these 

312 high fitness cost epitopes [14]. Indeed, sequential escape mutations of these epitopes resulting in 

313 narrowing the breadth of the HLA-B*57/58-restricted T cell responses have been shown to be 

314 associated with loss of control [21, 22]. In our study, however, HLA-B*57/58-restricted p24-specific 

315 breadth and magnitude of responses determined by IFNy ELISpot assays in NC were not different 

316 from those observed in Vc. This finding may suggest that an ability to secrete IFNy per se is not 

317 sufficient for controlling HIV infection. Other T-cell functional characteristics may be needed in order 

318 to mediate quality T-cell response [1, 9, 12, 36, 37]. 

319 Estimation of polyfunctional p24-specific CD8+ T cells in proportion to CD8+ T cell population 

320 or in an absolute number (by calculation with CBC) pointed out that VC had more polyfunctional than 

321 NC. Similar to previous studies, most T-cell response mediated by NC had only 2-3 functions [9, 38]. 

322 Of note, some NC had high proportion of high functional T cells but the absolute numbers were 

323 Significantly lower than those owned by Vc. The fact that total CD8+ count of NC and VC were 

324 similar emphasized that the absolute number of high functional quality T cells was essential for HIV 

325 control. 

326 Detailed mechanisms to explain discrepancy of the T cell quality in HLA-matched NC and VC 

327 remain unclear. However, either viral or host factors are potentially important in determining quality 

328 of the T cells. As escape from T-cell response, unlike previously defined, may be not all-or-none 

329 event. The virus might preferentially interfere the most potent antiviral function(s) whilst leaving 

330 another one(s) untouched. Variations within a given epitope, though maintaining certain affinity to 

331 HLA molecule and T-cell receptor (TCR), this less-than-optimal interaction of TCR-HlA/peptide 

332 complex may lead to (stepwise) abrogation of T-cell functions. We speculated that IL-2 function is 

333 perhaps the most vulnerable to be suppressed upon HIV escape? Lack of IL-2, in turn, leads to less 

334 of proliferative capacity of T cells and hence being of poor quality. This speculation helps explain 

335 sequential T-cell function loss when T-cell functional quality of NC and VC were cross-sectionally 



336 compared (data not shown). In fact, the similar trend was also observed in individuals when they are 

337 in controller status compared to the same ones when they progressed to non-controller status. On 

338 the other hand, host factors such as T-cell antigen sensitivity, proliferative capacity, senescence and 

339 repertoire may also be important for detennining quality of HIV-specific T cell response [39-43]. High 

340 antigen sensitivity and proliferative capacity with broader and cross-reactive T cells are favourable 

341 and are likely to be characteristics of the vc. Although proliferative capacity of the T cells in this study 

342 was not directly investigated, analysis of IL-2 producing CD8+ HIV-specific T cells could reflect this 

343 particular function of the T cells. In our study, the fact that only VC having the IL-2-producing T cells 

344 suggests that the high quality T cells in these individuals are continuously maintained by renewal of 

345 similar quality clones. 

346 In conclusion, this study helps extend the previous observation in subtype B-infected 

347 individuals that functional quality of p24-specific-CD8+ T cell response is also the main contributing 

348 factor for natural control of HIV in CRF01_AE-infected individuals. Our finding in HLA-B*2706+ and 

349 HLA-B*5801 + NC suggests that studies in diverse immunogenetic population infected with non­

350 subtype B HIV are warranted. 
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., Table1. Demographic data of the study population 

CD4+ T cell CD8+ T cell Age Sex Ti me after 1st Plasma HIV 
(years) 

Group 
(M:F) loaddiagnosis count count 

_(yearsl t (copies/ml) 
Categorized by plasma HIV load (threshold =2000 copies/ml) 

(cells/mm3
) {cells/mm3

} 

669ttViraemic 27.5 8:2 1,079ttt
3 957 

controllers (VC) (18-51) (1-9) (151-1,900)(493-1,319) (633-2,232) 
{n =131 


Non-controllers 
 2 17,31333 14:17 427.5 979 
(3,094­(NC) (21-66) (0.5-13) (126-881) (382-2,008) 

11328831en =32) 
Categorized by presence of protective HLA class I alleles (HLA-B*27, -B*57 and -B*58)§ 

5,728Subject with 493 1,10430 10:9 3 
(151­protective­ (18-49) (1-12) (126-1,319) (550-2,232) 

allele{s) CPA) 1,132,883) 
(n =19) 

Subject without 14,13729.5 12:10 1 451 865 
protective­ (19-66) (173-855) (382-1,489) (936­(0.5-13) 

allele{s) (nPA) 309,949) 
(n =26) 

t · ThiS was calculated as years since donors were first diagnosed HIV-seroconverted to the day of 
sample collection . 

t T P value = 0.0006, t tt P value < 0.0001 

§ PA were subjects expressing any of these three HLA-B alleles, HLA-B*27, -B*57 and -9*58, while 

nPA were subjects with the other HLA-B alleles. 



Table.2 HIV Gag p24 specific interferon-y EUSpot responses 

2A) Overall HIV Gag p24 specific interferon-y EUSpot responsest§ 

Non-controllers (NC) 
(n = 31) 

Viraemic controllers (VC) 
(n = 10) 

Breadth (OlP) 3 (1-6) 3 (1-9) 
Cumulative magnitude 

(SFU/l06 PBMCl 
1755 (322-7913) 2748 (644-16098) 

Median magnitude 
(SFU/l06 PBMC) 

542 (98.75-2490) 684.5 (205-1855) 

tAli 23 OlPs were tested individually in duplicate. 


§There were 4 non-responders in which their responses were either undetectable or below cutoff 


2B) HIV Gag p24 specific interferon-y EUSpot responses of protective HLA allele(s) 
positive viraemic controllers and non-controllers 

• 


HLA-B*27 group HLA-B*57/58 group 

NC (4)§ VC (4) NC(9) VC (3) 

Age (years) 34.5 (27-44) 25 (19-30) 34 (2-49) 28 (27-34) 

HIV duration (years) 3.5 (2-10) 3 (2-3) 4 (1.5-12) 2 (1-3) 

CD4 + T cell count 
(cells/mm3

) 

292 (195-881) 728 (493­
1169) 

368 (126-658) 699 (495-1319)* 

CD8+ T cell count 
(cellsLmm31 

1285 (624­
20081 

1388 (1104­
1814) 

974 (550­
2008) 

810 (791-2232) 

Plasma HIV load 
(copies/ml) 

11747 (5728­
299077) 

1104.5 (742­
1900)* 

12231 (3026­
11328831 

165 (151­
1549)** 

p24 breadth of responses 
(no ofOlPs) 

2 (2-4) 7.5 (2-9) 2 (1-6) 3 (1-3) 

p24 magnitude of responses 
(SFU/l06 PBMC) 

889.3 (167.3­
902) 

769 (512­
11491 

721.5 (98.75­
14451 

644 (205-725) 

Breadth of specific HLA-I 
allele restricted epitope 
responses (no of EPs) 

na nat 2 (0-4) 3 (2-4) 

Magnitude of specific HLA-I 
allele restricted epitope 

res~onses (SFU/l06 PBMC) 

1109 (0­
2547.5) 

2112 (0-5834) 987 (0-3435) 586 (483-751) 

data was shown as median value, *p value < 0.05, ** P value < 0.01 

~ One non-controller expressed both HLA-B*27 and -B* 58. 

t not analyzed, only 1 HLA-S*27 restricted epitope tested in this study 

1 
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Supplementary figure 1. Neighbor-joining phylogenetic tree of 10 HIV gag gene from 

Thai donors with reference Thailand HIV sequence (subtype B, CRF01_AE, CRF01_ B, 

CRF01_C, CRF15_01B and CRF34_01B) Sequences derived from 10 chronically HIV infected 

Thai donors were indicated with grey shading. Sequences which were genotypically related were 

group together within black box. Nine sequences (NKP, PSH, S74, S155, SBP, S52, TPT, VPC and 

S59) were genetically related to CRF_OlAE subtype, while one sequence (AJT) was related to Clade 

B. 
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Supplementary figure 2. Gating strategy for identification of high functional quality 

responding CDS+ T cells Plots shown were a representative data from OLP18-specific CD8+ T cell 

response from subject HN30, a viraemic controller. Upper column showed a gating scheme for 

CD3+CD8+ T cell population. The upper rightmost plot and 4 lower plots showed a gating scheme for 

CD3+CD8+ T cells responded with IFN-y, IL-2, TNF-o, CD107a and l"1IP-l~, respectively. 



Figure 1 Viraemic-controllers were with higher functional quality of p24-specific-COS+ T 

cell responses than non-controllers: A. Cumulative absolute number of p24-specific CDS+ T cells 

with 1, 2, 3,4 or 5 functions of non-controllers (NC, clear column) and viraemic-controllers (VC, 

dotted column) were shown on y-axis. Grey-scaled spectrum on x-axis represented numbers of 

function; the darker the tone, the more functions the cell expressed (from 1 to 5 functions). Medians 

were compared between NC (12) and VC (S) B. Pie chart showed the contribution of each 

functional-phenotype (pie slice area) on the total p24-specific-CDS+ T cell responses (summation of 

all individual overlapping peptide-specific response of each subjects). The proportions shown were 

based on group median (NC and VC). Each phenotype was represented by individual colour (also 

shown at the lowest part of the lower bar chart). Black and grey arc that curved over the pie chart 

indicated the full 5 functions responding phenotypes and the 4 functions responding phenotypes, 

respectively. Bar chart 

Any difference reaching statistic significance was indicated by a 

iinked-bar and a p-value over the comparative pair. Only the positive functional-phenotypes were 
• 

shown. 

Figure 2 Larger numbers of high functional quality p24-specific-COS+ T cells were 

observed in protective HLA alleles-matched VC than NC: These figures compared cumulative 

absolute number of p24-specific CDS+ T cells with 1, 2, 3, 4 or 5 functions of an HLA-B* 27 (A and B) 

and HLA-B* 57/58 (C and D) positive non-controllers (NC, dotted column) and viraemic-controllers 

(VC, clear column). Grey-sca led spectrum on x-axis represented numbers of function; the darker the 

tone, the more functions the cell expressed (from 1 to 5 functions). Figure 2A and 2B showed a 

comparison of total p24-specific-CD8" T cell responses (summation of every single overlapping 

peptide-specific response of each subjects) and HLA-B*27-restricted epitope (KRWIILGLNK, KK10)­

specific-CD8+ T cell responses, respectively. Medians were compared between HLA-B*2r NC (4) and 

VC (3). Figure 2C and 20 showed a comparison of total p24-specific-CD8+ T cell responses 

(summation of every single overlapping peptide-specific response of each subjects) and a summation 

of all 6 HLA-B*57/5S-restricted epitopes (LSPRTLNAW(LW9), KGFNPEVIPMF(KFll ), 



ETINEEAEW(EW10), QATQEVKNW(QW9), GTGATLEEM(GM9) and TSTLQEQIGW(1W10)-specific-CDS+ 

T cell responses, respectively. Medians were compared between HLA-B*57/5S+ NC (5) and VC (3). 

Figure 3 Relationship between high functional quality p24-specific-COS+ T cells and HIV 

control: Both plasma HIV load (A) and CD4+ T cells count (8) was compared between donors who 

possessed full 5 functions p24-specific-CDS+ T cells (=5) (n=ll) and those who did not «5) (n=9). 

Medians were compared using Mann-Whitney U test. The functionality of their T cell was analyzed 

either at total p24-specific or epitope-specific level. Plasma HIV load (C) and CD4+ T cells count (D) 

was plotted as a function of absolute number of full 5 functions p24-specific-CD8+ T cell (cell/mm3
). 

Plasma HIV load (E) and CD4+ T cells count (F) was plotted as a function of absolute number of full 4 

functions p24-specific-CDS+ T cells (cell/mm3
). Each dot represented each individual. Spearman R 

test was used for statistical analysis. 
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