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a Division of Virology, Department of Microbiology, Faculty of Medicine, Chulalongkorn University, 

Rama IV Rd, Bangkok 10330, Thailand. 

Introduction and Objective: Among HIV infected donors, the natural history of HIV infection is 

different and HIV load is the one of factors resulting in the different clinical outcome. We have been 

characterized HIV infected donors into 2 groups: controllers (HIV loads< 2,000 copies/ml) and 

noncontrollers (HIV loads > 2,000 copies/ml). In our previous study, we found that controllers who 

naturally control HIV infection have the higher number of HIV-gag p24 specific T cells than 

noncontrollers significantly. Thus, we hypothesized that these polyfunctional T cells can effectively 

suppress HIV replication leading to the low level of HIV loads in controllers. 

3 

Methods: The functional quality of T cells was detected using intracellular cytokine staining assay. HIV 

isolates were isolated from HIV infected donors and then superinfected with autologous CD4+ T cells. 

The different functional quality of HIV-gag p24 specific T cell lines and bulk CDS+ T cells were used as 

effectors in their autologous HIV suppression assay. HIV suppression was assessed using HIV-gag p24 

ELISA assay. 

Results: In our study, controllers were significantly higher in the absolute number of full 5 functions, 

HIV-gag p24 specific T cells than noncontrollers. Moreover, in vitro HIV suppression assay has been 

shown that bulk CDS+ T cells from controllers can significantly suppress HIV replication when compared 

with noncontrollers. And, the HIV-gag p24 specific T cell line from controllers has the ability to suppress 

HIV replication in in vitro assay, effectively. 

Conclusion: HIV-gag p24 specific T cell responses from controllers have the superior effect on the 

suppression of HIV replication in vitro study. 
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1. 'U'YIUl

' 'J} 1 .I IIJ .I & & 
'J}

.o1 d mmr:n 33 t'll'Wf fW 1rn::: 'Uu'.i:::t'Ylfl' 1'Ylt1u'.i:::mw soo,ooo ri� 1,000,000 fl'U tMt!llllfl'JllJVH.llVlll'Yl'il::: t'l�

• 'J}a. Jt 'J} ., 

1 
'J} "' , , 

1 
, d , "' "" Jt II) 'J} 'ill'U1'UH\91�t'IHJM�1tlfl1'.i '.it\! '.i �flfll'.i 'lffl�tllW'UllHJ tt\91'YflJ17 'Uflt'lllttW�'IJl�flt'lllel\91'.ilfll'.i\9\�t'lfeJ !� 

'U q q q 

d, ,¾ I cl 
& 'J} ' a, 'J} 'J} II) a, IIJ 'J} ?I I t't'llJ'U'UtW7�'.i1�t'.i1 [1] fl�ttll1lfl1'.i'.if11J1�1tltll\91l'U 11'.iff (antiretroviral treatment, ART) l�Ht'l tu'Ueltll� 

d I j) .. 11 'j/ Q.J .. I Q.J I I d-C\ � QI A 'j/ d r, d A J 
� tt\91r;ju 1!:J\91 el� '.i1J u '.i:::'Yl l'U tll� �flt'll 10!:JH \91 '.i � t1'17 'il'U \91'1 'e)�'lf1\91 'U on 'ii 7 fl'U tlltl�lJ Ht'l'Ul�tfltl� 'Yl�'Yltf1Wu'U 

t " 
a, 'J}c, Jl 'J}  'J} '.i:::t1:::ff'U 1rn:::'.i:::t1:::t11TVWffllm'.i i�uu tt'U1'Y11�mnnmr;J\.1�t'lfo�1t1 ART e:Jl'il hl1inn ttnUt1J'l17 

J, ,!{ HIV/ AIDS tt1J1Jtl�tl'U 

Q.I Q.I d dq 'J)'j/ Q.I d 'j/ dlq 'J),;v Q.J I 'J) I 

fl1'.i't'IWJ'U71f19f'U'Yl I 'lfUel�fl'U HIV/ AIDS tU'Ufll'.ittfl'Ut1J'l17'Yl !�'.i1Jfl1'.i!:Je)lJ'.i1JOtll�f11N17ffl'J.J1'.itl 

'J) QI "1 ,, I d � A d d.i=i I I \I} d � 'j/d 

i'Jei�fl'Uttt'l:::fl111fJll HIV/AIDS l�fltll�lJV'.i:::ff'Yl1ifll'V'l m1:::ll cost-benefit 'YI� tt\91eJtlH !'.ifl\9\lll fl�ttllll 

fl17ll't'lt11Vlll'il7fl'Wfl1'Yltllf1'7ff!Pl1vf 1 hn trn::: 1 �t�'W 1 'Ufll'.i1if t1mnlJWllmf1'1t1 fll'.i'Viwim1r1CJ1'Ut�e:i 1 �

d <Vtf)I tcv ,dl 111 .d � V a., �  A ef  

fll'.i'Yll'.iltl� !ll'Yl'.i11Jtt'U'lf�()�flt'l lfl'YleJl'il 1 'If I 'Ufll'.iUel�fl'U l1'.ielf111JfJllfl1'.i\Pl�l'lfel HIV 

,dl j/1 Q.J A  o'OJlqf IQ.J I 'J} �v Q.I I \t]-=9 

o1'J}c, o�ttll17'U m'Yl tllfl'lff\91 w� 1ll'Yl'.i 111tt'W'lfm1m'.i 'il:::m:::\9'1 'Uflllflll nu e:J t11� 1 '.i ,i � ,i:::m mn� fll'.i 
. .. . 

!'I a, "' Jl IIJ 'J} Id a, q a, .Ji dJ' I cl " a, d "" ueJ�fl'Ufl1'.i\91�t'lfeJ HIV I� tt\91ll'l1t'lflil"l'U 1'U'.i:::�1J'l1'U�'Yl'lf17 T cells ti!'UtCJft'lt'l'l1t'lfl'Ylftl'J.Jl'.i0f111JfllJfll'.i\91�
� q 

eK "I ,r QI ,X .dl _ � d !J.IA ,X dd d , QI 

t'lfel HIV 1� mlf1il"l'U'Ulll'illflfl1'.ifl'fl1fllu'.i!:J1Jt'Yltl1JH\9'1�t'lfel HIV 'Vil.I clinical outcome 'Yltt\Plfl\Pll�fl'U l�tl � .. 

1 1 Vea X .dd da ,=1 1t) tct 

Vl1J17 'UN\91�t'lfel'YllJ clinical outcome 'YI� trn�m�V� tlllJeJlfl1'.ifJ11'Ul'U mmru CD4 T cell ff� trn� 
.. .. 

' 
.f':= 1/J "-' O d.f.= 

d ,/ I 'J}'°' u'.illltl! 11'.iff\911 (Longterm non-progessor, L TNP) 'il:::lJu'.illltl! trn:::fl1'.i\91eJ1Jff'UO�'UeJ�'YltCJftlt'lt,'�fl11r;j\91� 

� dd � .dl 

l'lfel'YllJ typical clinical outcome (Typical progressor, TP) 'Uelfl'illfl'U i'Wfll'.ifl'fl1fltt1J1J cross-sectional l�tl 

q 'J} a, ?I ✓q I 'J}
a. Jl ?I I II) 'J} ' .Ji d 

1'lf'.i��1J HIV set-point tu'Utntl!CVl !'UfllrnmN\9\�t'lfeJeJeJfltu'Ufflllflt'llJ !�ttfl elite controller (EC) CJf�lJ 
.. q 
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� ' Ji.cl ' ' el 
HIV-RNA \91lfl11 50 copies/ml, viraemic controller (VC) CJf,:nJ HIV-RNA f:lQ':i:::Vl11� 51 (M 2,000

copies/ml ml::: typical progressor (TP) ��ihJhmu HIV-RNA lJlf1f111 2,001 copies/ml vm-:i1 EC m1::: 

d d 1 I dcl q c:::.v,::tc:::i, t/1 a.1.J'
VC lJt:)Wfll'Yi'\16� CDS+ T cells �mlfH;JlJi'ltth..J typical progressor l�tf t'W�l'W1Wl\91'\"llJ'l"lt'W':i:::u:::m1�'W 

J'9 v d , d ctd � "1 <J} � .:::t t::1 , A cld J., 
'lf tVIL'l1'W11 i'lttJf,H'l'l'lffllJlH'IVlcl� cytokine t�Vlc!W'lf'W� lJfJWfll'l"l�ffJl'l'lttJfclc!'l'IVlcl�mvn::: gamma

� a' ,=Q ,, ' �I d a.I q QI � I d 
interferon (IFNY) m11tm1:::V1 polyfunctional T cells (l�UlJ11'ilttu'W'l'ltff:llJ':iU t'W'.i:::�UVl'W�11 fJl'illJ 

o<V'J ,,,. )1  
fl'lllJ'fflflqj t 'Wfll'.ifl1UfJlJf11':i\91�t'lf6 HIV 'il'.i�

1 C1/ d.o 31 r;J td c, 

u 1>1 VI c1 fl� 1 u i'l 'W 7 lJ 1u '.i::: n f:lU c11 mm 1u 1>1 tu u VI" n ! 7 'W

'j) d I d (I,/ a.I ti ' A 
'Vll�66lJ (circumferential evidence) i'lUff��11lJfl11lJfflJ'\"l'W1i'.i:::Vl11�fll'.ilJ polyfunctional T cells m1::: 
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2. tn 'a 'YI 'U 'YI 1 U 11 "jf,U fl'a 'ail

dllJ.,'I ,. ., d d ,., ,. 
HIV tUlJ tTH'l' tU Family Retroviridae lJ'ffl'j'YlU�mrntUU RNA 'fflclt�HJTtHNt'fftJ HIV ll

?I I II),., I 

mirnuu 3 fH.Jll t�Htfl Major group (M), Outlier group (0) trn� Non-M, non-O group (N) fllfi�'Ul�'lltM 

HIV-1 1u'llru�tlm,ntl group M t1Jmr1uh1aj Utl1YIV1ft'lff�i,�uli.:it1�ll HIV-1 1u group M �lllfl17ll 

'j} d QI ,:::i f I e¾ ' � f fJ/ Q.I "'ct d cl 

1mHfltl.:jtltJ'lleJ.:i nucleotide sequence t'jtltltl�lltleltlU11 subtype 'j,j'jeJ clade tt�t:11 HIV-1 ffltl'V'l'W� t�'Ylll 

., II). ., I ,Ji ,. II) ., ., o' t I ?I '1tl1lt\!�'1Jel.:j t1'.iffll1tlf111'11'W.:i subtype mm t'J'jff'ffltl'YlU�UU11tu'W Circulating Recombinant Form

a., t "I v , di d cv d'd , d 
9 ti "I � , � (CRF) �1e1t11.:i t�tttl CRF0l AE 9f.:itU'Wffltl'Yl'W1i'Yl'.i�'U1�tt'Yl'j'11'11tlll1f1'Ylff� t'W 'j�t'Ylft' t'Yltl CJf.:jtt�t�lltltl 

- q q � 

V V 

,i�eig1u subtype E u��elll1'V'l'IJ17l11ff'lfU�Ut1Ju11i'ff�tlHffm�1111.:i subtype A trn� subtype E ;.:ii�i.:i

t:!{ G) I �( 
d 9,1 � QI � rl a., I a, d I cv ti 

'lfeJ tl1lJtu'W CRF0l AE [2] tUtJ�tJ 'WeJf1'il7tlU'Wf11'Yltl7ft'7ffmt1.:i'Yl'IJ11tl.:ilJ HIV '1f1Hffm�l11Nffltl'YltJ1i - � q 

_Ji II) SJ t <!i I 

CRF0I_AE tm� subtype B CJf.:j t��.:i'lfeJ17 CRF15_01B[3] 

,. ,.,, o' ti <'I '\' ,. 

HIV-1 ll'llm�tff'Wv-lll!)'mmm.:i 'j�lJ1tl! 100 o.:i 150 m tUtlJ�'j tt'1�ll'IIUl�'lleJ.:i genome

tl'j�lJlt\! 10 ii1m'I.Jff�.:iii long-terminal repeats (LTRs) 'IIUl'I.JeJgffe1.:i'ii11.:i HIV-1 iiuumft1e1�'fflll'lfU� 

"I (j} ' ,1 CJ) QI ,:::i,:::i A � d �I t�tttl gagpol tm� env Ueltl'il7tltJtt'11 HIV-1 t1.:illt1'Weltl 6 'lfU�'YltuU regulatory tm� accessory genes 

II) SJ I 

t�Utl vif, vpr, tat, rev, nefml� vpu

I 'I I 
'\' ,., II) ,., ,. ,Ji ?I 'I'. I ,. t ,., ff1tJ tl1t1j'IJeJ.:j tflHff'jl.:j'IJeJ.:j HIV-1 t�ll1'il7f1tl'W gag CJf.:ituU rnrntJ�.:i�tJ (precursor protein)

?I '\'. I ,. d I"' ,., 'I 
Matrix (MA, p l  7), Capsid (CA, p24) tm� Nucleocapsid (NC, p7) matrix tu'W nJ'j�U'Ylfl�r--11�7'W t'W'llel�

envelope tt'1�'1'17l1U7�1ufl1'J'lfm111iftn�fl1'.i�ll virion'lleJ.:i HIV-1 �1tl envelope 1um�'IJ1'Wfl1'jtv1ll 
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" 
A 

'1-HlfHlltl'W matrix viral 

• • " ' "' A .,,,. " ' t ?I "'ti .d 
premtegration complex t'UltJ''W'HrHH:Jff'U�NtCJ1mrnn�1u ff1'W viral capsid (p24) 'W'WtumNfl 'i�tlO'U'Vl 

o Q.I , �I c:! v dq 'fflflqj'UO·:uttl'Wmn:i (core) 'UO-:J HIV- I ff1'W nucleocapsid (p7) tu'W RNA binding protein Ucl�lJM'Wl'Vl t'W 

"' o 'l ""' I Ii) a' 5/ A Ii) 5/ I 

ffll.ll'itl'lftl'Wl mn� protective immunity ff1'Wtf fU tCJflJff'Jl-:JlJ11lltlU'W pol t�Utl protease (p 11), reverse 

, I A t <V a'ttl A ,¾ 'l transcnptase (RT)/RNase H (p66/p51) tm� Integrase (p32) ff1'WU'W env 'W'Wff-:ltfl'il�M t 'i\il'W'U'W 'W 

endoplasmic reticulum (ER) trn�Nl'Wtl'i�'U1'Wtll'.i glycosylation � ER Ucl� golgi network i�t�uinci 1ri 

tt1 "" .Ji A "''I' "' .Ji "' ' 'I' Ii) . .. � " ?I ' Ii) " I t 'i\,l'W gp160 CJ1-:JlJ'U'Wl� 160 fl tcl�lcl\il'W CJ1-:JflW'l1'1-:l1l�\]tlfJ6U t�UW'W tCJ1lJ'U6-:JtCJfclcl t�tu'W 2 ff1'W t�Utl

� �I . o Q.I A cl � t dd I � cL::::t o d 
gp41 CJ1-:lt1J'W transmembrane subunit trn� gpl20 ff111'i'UU'U6tl 6 'lf'W�'W'W lJU'UOQff6-:J'lf'U�'VllJfl11lJ1llttl'W 

' ' " 

ffll11'Utll'it'W)J,l'U1'U'UO-:Ji1i'ffi�un tat tm� rev U�V'WOtlff'lf'Wm!u (vif, vpr, vpu trn� nej) 'lurn-:imw 

'l'W'UW��tll'iA�t4o acute-resolving virus 'l.ff neutralising antibody 'lunntlo-:if1'WUcl�fl1'U�lJtll'i 

"' ll "' ll "" "'-"I' \il�t'lfOtllrn�t'lfOU'U'IJ persistent infection Ucl�lJ cell-to-cell transmission U'IJ'IJ HIV )Juqj111'U6-:ltll'i

\916'Uff'W6-:!'U6-:JU6'UA'IJ6� 1�u�1uml-:i� neutralising antibodies �6 HIV itl,iuiJo�ffl)J�lttml-:i i�un 

. ' " 

CD4-binding site 9f-:JO�'IJ5t1W V3-loop 'UO-:J gpl20, co-receptor binding site tm� gp419f-:J'Vl-:!'ffllJ�lttml-:i 

d Q.I I 9,/ d ti ?I lJfl11"11clltl'l1'1W'U6-:J'V'l'Ultl'irnflf fU'Ul-:Jmn )J carbohydrate moiety tlfl�)J Utl�tu'W unexposed domain 

'l 
� Q.I � ti ci t � d j/� � & jl I 

fllU 'U trimeric molecule 'U6tl1lltl'W'Wtl1'VlUlfl'lffW'i'V'l'IJ6tl17U6'U\il'IJ6�1lltlf:!\il�t'lf0 HIV tl-:ittlJ11'il� 

"' .-.d ?I Ii) ""' ' ll .d d Ii) � Id 
'fflln'itl neutralize fflU'V'l'Wl'Vltu'U lab strain t�� U\91 neutralize t'Jf6 HIV 'VltU'U primary isolate t� tl1�[4-

"" "" ' 
'l ' .d " .¾ ,,\ A "' ll ?I .Ji "' "' 6] tm�tt6'W\il'IJ6�ff1'W 11qJ'Vlff'Jl-:!'U'UtlJ6).Jfll'i\il�t'lf0 HIV tu'W non-neutralizing antibodies CJ1-:!'il'l.Jtl'U

virion debris[?] 
Q.I ct f Cl dGJ ' d  'j} 'l "' ll

'l trn�u-:i'V'l'Uon11tto'W\il'UO��-:inm1"'U'Vl'l.Jl'Vl'UOVmn 'Wtll'.ifl1'1Jfl)jfll'J\il�t'lfo 'W'.i�u� 
q 

primary infection i-:itli'U i�'illtlll tll'icl�M'UO-:Jthmw i 1'.iff'l 'W'i�U� pnmary infection ttl��'UflO'UlJ 
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d d d o QI I d. l fil I.ct o I 

neutralising antibodies i-mrnn[7] u":::'\'lfflflqj neutralising antibodies t'Vrnl'UffTU t'l'fqjlJfl17lJ'illtYn:::vio 

d 
' V ' 

QJ o' I 'J} 

"'7tl'l"l'UliflO'U'U7,rn-:J lJ neutralising antibodies mlrviv-:i illn'lfU�ti1li!'U'Ylnm1im1mrn l 'Uf17';j 
. " " 

� ,::td � " I '1 � � cl
trn:::trnu v11J o�'\'loonq 'l'l lim1-:im "1'Um 01tfl 11:::tt 

'J) 'JI I d QI d I 'J} 0 9 j) � ... '1 I Q../ 

1m-:iff17-:J crystal structure U"1'1"l1J17lJ"f1'l:ftU:::'\'lflO'\.J'Ul-:J unique trn::: usual 'I'll 1r1m�uqim11'il:::'l"l\ill'Ul 

, "1 J q vi., " � .ct d.c:::1 QI et 
imrnunogen Otll-:J m'l"lo m 1�UO'\.J\?l1JO�'\'llJ"f1'l:ftU:::mm:::u1J1J'U 

<'! d O u, 'J <'> lI ') d u, 1 'l 
(CTL) r1rn CDS+ T cells lJ1J'\'11Jl'l'l'fflflqJ 1'\.Jfl1rn11JfJlJf111\9l�t'lfO HIV 1�t1mrnnJ7'\.J17 u1:::v::: primary 

� li  ' ,,  d. q I � li  �QI d I d  Q/ Q.l o'a-.. 

f f)'lJfl lJfll ';j vl�t'lfO HIV O Vl-:J'\.J Otl'l'l ff� t 'U'lf1-:Jtt rn'll o-:im rn�t'lftl 'U Of1'il 1f1'Utl-:J'l"l1Jtlf117lJfl17lJfflJ'l"l'\.J 'lit'lf-:J 
• • 

i:-.inrfu1:::r111-:immru HIV l'Utilo� trn:::,ll'U1'U HIV-specific T cells l'U1:::tJ::: chronic infection [9] t-:iii.l 

t t � Cl (/ � 'J} Q.I ,,� � d.c::t O � ")" d.e:t .
f117'U'\.J tlJU'Jtfl'n:::r1m1v101Jff'UO-:J'UO-:JfilJfllJf1'Ui'UH\?l�t'lftl HIV 'l'llJf171�7t'U'\.J 11fl'l'l� (Long-term non 

" . " 

1 1 'LI d d O U, d O 'J 'J/'J/<'> lI 'l 
progressor) 'il:::'l"l1J17fl11\9101Jff'UO-:J'UO-:J CTL \910 rn1\9l'\.J gag 'UO-:J HIV lJ'lJ'\'11Jl'l'lfflflqJ'1'1'1'17 1'11�\?l�t'lfO '\.J 

fl u, <'> lI 'Jld u, CJ lI 11/J '"" 

f171ueMf1'\.Jfl1';i\?l�t'lfO�'l'lfflJHfft'lfOU\9l tlJ\9l� (Highly-exposed persistently seronegative persons, HEPS) 

"' 'JI Of1�1tl[ll-14] 

l 'U fl111tfl17:::11f171\9101Jff'\.JO-:J'UO-:J CTL tT'U 'Jf1-:JUrn'UO-:Jf17';jfff11fl l in Chromium-release

cytotoxic killing assay cfr-:it11'U in vitro /semi-quantitative assay trn:::nfl17lJt�tl-:J'illf1ff71 radioactive �om 

d QI Ji � d ,, ")" ,:::. t%
lJf171'1"llill'\.J7 ELISpot 9f-:Jvt11'ilff01Jf111'11"-:J IFNY 'illf1 T cells '1'1\)f1m:::\',j'U t�tl specific peptide t'\'lfl'\.Jfl'U 

O 1/J 'J/ I O 1/J 'J/d l 'J/ d CJ 4 d <'> 'J 1 �I 'I'll t�-:JW ff:::�1n '1'17 t�'\'1":::mn"'} (high throughput) nmflV-:Jf11Jff-:J'l'ltf1� 1'U17-:Jf11Vt'l"l17:::tu'\.J ex vivo 

d "I l,::S QI de:! " ' I "I d � Q.I cl J'll) 'J) 'J) assay \?lmJ�'il'\.JtU'U quantitative trn::: tlJlJff71Hfftlf1�1tl tt\?ltltll-:J trn\?lllJ l'U-:J1'\.J1'iltlt11"'}'W 1�ttff�-:il11 
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"' I ll)V• "" ,/ II) I ll)V• 
fll'H11'Uf.!lJ HIV 'H'HHJ1'ilf1-a11 t�11 fll'i1tfl'i1�'11 IFNY monofunctional T cells tlH11lJ1'itl'U'elf1 t�11 fll'i 

� v Q.I d � J t d <!!t 111 , , 1Jt V.ci a1 
\9l'el'U'ff'W'el..:i'll'el..:ilJllr.Jllf1'W'l'Hf1�'1J'W'W'W ttl'W protective immunity 'H'i'el tlJ 1'W'i�V�\9l'ellJ1 t�lJfll'i'YIWJ'Wlfll'i 

1tfl'i1�i1 cytokines l1'1W'1'11U�'V'lfmJfl'W (simultaneous analysis of multiple intracellular cytokines) trn� 

' C!l cl QI � Q/ QI ,/Q,J 
'V'l'U11fll'i1tfl'i1�'11 'polyfunctionality' 1 'W'1fllltl!�'W 'fflJ'Yl'W1if1'Uf11'ifl1'Ur.Jllmmru HIV i!qJl11'1J'el..:ifll'i 

� J'111 'J} I dt � .d. j/ a., o t 
'Vl�'ff'el'U11i'W t�Uf1 f11'i standardization tflHMlJ'el'Vl (multicolour flow cytometer) \9l'eJ..:j'eJ1fWf111lJ'l11'Wlt)J'IJ'W 

II) •II) v -=1 'i' �., -=1 ., "" d 
�..:i trn� tlJ t�U'ff�sltMv-1'1f11'ifl1'Ur.)lJ HIV replication t�e.J\915..:i fltl!�f;J1'ile.J'il..:itff'W'elf11'i'V'lWJ'W1t'Ylfl'Wfl'Yl 

"" ,I 1 'i' II) I O :II V 1 V ,,\ "' d 
'ffllll'it11tfl'i1�'11m7ll'ff7lll'it1 'Wf11'ifl1'Ur.)lJ HIV replication t�V\9l'isl trn� tlJ'illt1J'W\9l'el..:i 'litfl'i'el..:ilJ'el'Yl 

Q,I Q.I Q.I Jk:i,Q.I QJ I Q./ \I) 9) V � J' d dt � 0 Q,/ 1 -=I 
'Yl'W'fflJVlJ1f1'Wf1 r;j1,Wl11..:i11mM'illf1 t� optimisation U'11 t'Ylfl'Wfl'W'il�t1J'Wtfl'i'el..:ilJ0'fflflt)J 'Wf11'iftf1ll1 

1 V1 • I <> • I "" "" ., "' 2-'I ., 'i' "1 correlates to protective immunity U'1�'el1'il 'l1 'Wf11'i1J'i�tlJ'W1J'i�'ff'Vl1i f11'Yl'IJ0.:J1flcif'Wu0..:if1'W t 'iflW�'ff 'W

0'W1fl\91 
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"" . 

'ff om nm n rrn i,rtnN

A ,c:i .<::). fl t/ � QI 

fllfn'lfl � cl 'lf1 TYWl fl tl!� I! 'V'l'Vl urn "1'\,)';j � Wl cl� m tl! lJ '111 TVW 1 cl U 

�O A �<V 

nmmu m n ,w 

1. mmmJ'mmn.ln� 10 fl'W

., .,. ,lf 'i ?I 2. mm"1'l.Jm\9l�!'lfel HIV 5 fl'W !�U!1J'W TP 3 fl'W !!cl� vc 2 fl'W

cl o, I 

3. tl1'Hfl'Uf fleJU1�

16 

"' "" "''i "l " "' 1 "' d lf ?I ?'I ., "' !il1�!clel�'.i1l.J 50 9191 i�W !'If EDTA r1'.iel ACD ( 'Wfl'.itl!'Vl!Wfl!i'll�!'lfel HIV) !1J'Wm'.iueJ�fl'W!cleJ�

PBMC 1�u1.ff1°TI Ficoll-hypague density-gradient centrifugation � 25 tHf11!91'1!9fU"1' '111191mf�i�m6eiJJ 

7/ GI ') 7/ o' 

�1tl Trypan blue !tcl�'W'U !�tlflclel��cl'Vl'.i'.if1'W 

,, ' 
"' "" . 4. fll'.i!Wfl!'V'll�!cltl�!!cl�!'V'llJ111'W1'W HIV isolates 

o 71.,. lf 6 • • • 'W1 PBMC 'Uel��\91�!'.IHJ HIV (PBMC HIV) 10-15 x 10 cells (need opttm1zatton) lJ1 depleted 

CDS+ T cells �1tl Dyna!® magnetic beads 11a1'111 CDS-depleted PBMC HIV ill co-culture f1'U PHA-

activated CDS-depleted PBMCdonor (approximately 5 x 106 cells-need optimization) iu S ml R10/IL2 

' ,, ' 

medium viii polybrene, ciprofloxacin !!cl� Penicillin/streptomycin YJ�Hiu 37C/CO2 incubator 7 1'W !llel 

,, 

m'U 7 1'W!el1 supernatant elelfllJl 2/3 !!cl�\91'.i1il'l11 l 1i'"1' !�ti p24 antigen assay !!cl� PCR r1'tl�illflU'W!�lJ 



17 

PHA-activated CDS-depleted PBMCdonor '1-:iiu'hnJui-uiv-:i1im'IJ 7 1'W6flflf-:i i'll!!'IJ'!Jtl 4 �,:i 5 

°",J o' <!j 
I "J "• � "J o., 'ff � 1'11 '11'HHl'Ufl11 ,l � t � u '.ilJltU t1 'Hl'lJl fl'VH:l 

,, . 

l'ff 5 x 106 PHA-activated CDS-depleted PBMCdonor in R10/IL2 medium 1111i 5 ml U'1�!�V-:Jfi 37C 

,% S/ dlliJ ">  o' 
!!'IJ'IJ'U 4-5 cycles !!'11'1-l tU'J!fl'.il�'tt TCIDS0 

fll'.i1!fl17�l1 TCIDS0 i'll t�W!�V'17-l 5 !'I'll (5-fold dilution) supernatant 1111ivf-:iifu S dilutions 

l'W!!A'1� dilution !All PHA-activated CDS-depleted PBMCdonor 100,000 cells !!'1�!�Vfl'Jlll!!l-l'WV7i'll 

d v t d QI V o 

ttl'U quadruplicate mM1llfl'W'U incubate 37C/CO2 1tlu11m 7 1'W!!"1TW7 supernatant lJWl'n'1 p24 antigen 

,, 
U"1�!�ll PBMCdonor !!"1�i'll!!'IJ'IJ'W 2 cycles !!i1ri1u1ru TCIDS0 1�vmr1V\J'�'.i 

-Log TCIDSO endpoint= -log a - [(b-0.5) x log c]

a = lowest virus dilution 

b = sum of the percent p24-positive culture at each dilution 

c = dilution factor 
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5. HIV (replication) suppression by T cells (vi'tMfn'j extensive optimization)

o Q.I o de:. J. QI a <j' 'I v � 
'U7 PBMC 'lltl.:Jtllff1t:'nJfl'j'iJ1'W1'W 10 fl'W'VlA�L'lftl HIV lJlfl�n'ltlfl T cells t�f.J t'lfL'Vlfl'Wfl

untouched CD3+ T cells lHl.:J'il7fliT'WY11 CD4+ T cells positive selection 1�f.J Mac beads Lrn�t�iJ CD8+ T

• liJ 'J/ 'J/ 'J/ ., 'J/ • liJ. I . 'J/ liJ ., d . liJ 'J/ cell fraction Wl n m�l>J'W CD4+ T cells �1f.J PHA 3 1'W mnu1 rn supermfect w.w L'J'jff'Vl isolate lJ1 L� 

'J/ ., '\' 'l'J/ ., 'l d 
mnco-culture fliJ CD8+ T cells ( t�V !'If E:T ratio lHllf.J ratio) U'cl�1� p24 antigen L'W supernatant 'V1 Day

0, 3, 5, 7 U't'l� 10 

6. f11j'Yl�fft1utmvmnv1J HIV replication suppression by bulk CD8+T cells 1'Wt11fflfflJflj TP

trn� vc

Screen p24 peptides 'tut11fflfflfmi.:i1nm�-;w ELISpot assays 1�vm��u�-w p24 overlapping 

peptides (OLP) t�t11Jj�ti'l'Wfl1jAtJ1Jff'Wt1��1'W T cells �ti p24 antigen 'ti protocol � optimized uti'1'il1fl 

� --� � t QI ' 

2.5 U'11t1J'jf.11Jt'Ylf.J1Jfl1'j suppress HIV replication 'lltl.:J bulk CD8+ T cells 'lltl�fl'Jll TP fllJfl'Jll VC 
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"'"" 
4. Ntlfll'i'Hl£1

1) fl11'n1J11i.i HIV-infected individuals

')I.,, ,r Ii) dd O "> ') d I ., ., t <Q O ')/"> ,r 1/J d ')/ • 
rj��t•JHJ10'lf reJ1].Jfll'.i�1l'W'W t '.ifl'l'Ht�fl�l-:Jfl'W �-:J'Wl-HM'Yl1fll'.i'.i1'U'.i1].Jrj\9l�t'lfflt'eJ'lf rn1� 1£J critena 

d dq � ')/"> ,r Ii) d 
�1'.il-:i'Yl 1 mrn-:i criteria 'YI t'lf t'Wfll'.i'.i1'lJ'.i1lJN\9l�t'lfflt'eJ'lf ra1 

Inclusion criteria 

Anti-HIV antibody positive 

Ii) '1/J ')I., ., ')I ')I Ii) d I ':'I 

tlJ im'Ufll'i'.if flfl�1£J£J1\911'W1'eJ'lf t'eJ1lJ1flfl11 l 1J 

,, 

fll'.i�i'l.J CD4 count lJ1flfl17 350 cells/ul 2 fli'-:i 

Exclusion criteria 

Anti-HIV antibody negative 

Ii) ')I., ., ')I ')I Ii) "' 
l � '.i'l.Jfll'.i '.ifl1fl�1£J£J1�7'Ut'e:l'lf l'e:l1 

I OJ '}) I 
f\7'.i��'U CD4 count 'U'eJ£Jfl17 350 cells/ul 

11) Id � � � � d QJ QI cl OJ d ,. � el � d OJ QJ ,I a., 
LlJlJ'eJlfll'.i'll'eJ-:J t '.ifl��!'lf'eJ� 1£J L'eJfll'ff'Ylft'lJVl'W1itl'lJ lJ'eJlfll'i'll'eJ-:1 t '.ifl��!'lf'e)� 1£J t'e:Jfll'ff'Ylft'lJVl'U1ifl'U 

,,. ,r  1/J d ,,. ,r  1/J d
fll'.i\9l�!'lf'eJW'lf l'e:l1 fll'.i\9l�!'lf'eJW'lf l'e:l1 

t o I • ( ')I"" ,r 1/J d �( • ( ., 
1l7fl'U 'U 1l�'Yl lfll'.i U 'lJ-:i 1J'.i�Ul 'Yl'll'eJ-:J N��t'lf'eJ W'lf L 'eJ1'eJ'eJflt1J'U ft'llJ1J'.i�tfl'Yl�-:!� 7 '.il-:J 



Donors CD4 count (cells/ul) HIV loads (copies/ml) 

Elite controllers > 350 < 50 

Viraemic controllers > 350 <2000 

Noncontrollers > 350 >2000

•. Id • I ,I ,I Y<=> ,!f 1'J d I I �I y I 

fl'Hrt'YI 1 U'ff�.:Jluf fWlf'Ul,l'\10.:Ji:-l\,J�l'lrnrn'lf 10'J'illflfll'rnmmnitu'U EC, vc Itel� NC �'Jtlfll HIV loads 
V q 

100 

tr-

80 ., 

� 
., 

a; 
.,!'! 

60 G: 
fG: 
•:i:• 
.,, 
., 
;, 40 'G: 
;:t 
Ii' 

,;; 
., 

20 t! 

0 

EC vc NC 

Y<=> JI 1'J d O I �f • • • 
i:-l\,l�l'lfOW'lf !V'J'ill'UTW 67 fl'U tt'!Hlu'U Elite controllers, V1raem1c controllers, tnl� 
., 

20 

'j I y,,,. ,!f lJ} d l 

Noncontrollers 1�t1mrn.:im Median CD4 count tm� Median plasma HIV loads 'UO.:Jfj\,J�l'lfOW'lf tO'Jll\,ll:l� 

" 
I o, d 

flj;llJ�.:J'U 
q 
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�1'.i7'1� 3 U'ff�.:i !�UU'ff�'1�7 Median CD4 count U"� Median plasma HIV loads '\HM Elite controllers. 

Viraemic controllers. lm� Noncontrollers 

Donors CD4 count (cells/ul) HIV loads 

(copies/ml) 

Elite controllers (EC) 2 803 30 

(615-990) (20-40) 

Viraemic controllers (VC) 19 681 682 

(468-1540) (96-2080) 

Noncontrollers (NC) 46 661.5 17525.5 

(403-1540) (2472-446037) 

���l�'elltl'lfltJ1iTWTW 67 f fW n�,m�U'Utlsl'.i�i'IJ CD4 count (Median CD4 count) �ti 
"' 

,, 

664 cells/ul t�uii�TI�i'IJ CD4 count (Range of CD4 count) \>i.:iu� 403 o.:i 1,540 cells/ul lm�ii 

I d a, II) d
i 

,!I '; d t 

flll'irnU'UtH'.i��rnt1'lf ttl'J -wvrn1in.11 (Median plasma HIV loads) fl0 7,352 copies/ml i�Ullfll 

,, 

'.i�i'IJ HIV loads (Range of plasma HIV loads) i.:iu� 20-446,037 copies/ml 



d .. .I 
I d Q.I ')}at ,l "I d I f 

�'U'Vl 2 flHnt!iY\Pl-!!fllt'iHH.l'UO-!l��\Pl'IJ CD4 count (Median CD4 count) 'UO-!IH�\Plt'lfOLU'lf t61U�'1�fHUJ 
V V q 

2000 

1500 

"',f' 

1000 

,$ 
::, 

0 
Ill 500 

0 

One-way ANOVAdata 
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•
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..... 
.. ... ...

..

�"' ""ti!!. ..., 

� 

�v 

22 

,, 

'11flfl11�'V'l'IJ11 median CD4 count 'UO-:ii-:i EC, VC U'1� NC hlihn1mt�fl�l-!lfi'\..!6Vl-!I� 'WUiYlftt\j 

�� � ,c:1 I .i!( 

m-:imw1 (p>0.05) cif-!llJ\'11 median CD4 count 'UO-!I EC, VC t!'1� NC fl6 803,681 trn� 661.5 cells/ul 
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• I"' •. I ' .J ., . 
�"' Jf "I "' ' ' 5u'l'l 3 f1'.l1TIU'ff�.:Jf17m1;w'll'el�';i::�'IJ plasma HIV loads (Median plasma HIVloads) 'll'el.:JvWl�l'lf'eJW'lf tO'JU\Pli'l::mn1 

� V q 

1�fJfil median HIV loads 'll'el.:J EC, VC im:: NC fi'el 30, 682 trn:: 17,525.5 copies/ml \Pl1lll;l1\91'1J 



., ., 

� )JI <=I 91.,,. � )JI <=I 2) f)T;iHf.JfH'IHHfl'ti tfl1'illf1fjvlvU'lf'e)!f)'lf rn1 (HIV isolation)

., 

V 

'U'I-! VI 0'1-! fll 'H'lvH\ M 

1. t�1tilJ PBMC "utM Healthy donors 1-w IF medium (IMDM supplement with 10% vol/vol

FBS)

2. Culture PBMC 1-w PHA medium (IMDM supplement with 10% vol/vol FBS, 5 ug/ml

Ciprofloxin and l ug/ml PHA)

3. Incubate 37 C, 5% CO2, 2-3 days

24 

4. t�1tilJ PHA stimulated PBMC t'W IL2 medium (IMDM supplement with 10% vol/vol FBS, 5

ug/ml Polybrene and 10 U/ml IL2)

5. t�1tilJ PHA stimulated PBMC 5 million per ml t'W IL2 medium

6. Culture PHA stimulated PBMC trn� 1-3 million PBMC 'lltlsl��\9lt�t1m'lfit11

7. Incubate� 37 C t'W shaking incubator l '1711m

8. Resuspend 1 million per ml t'W IL2 medium 71'\.J

d � 

9. mu supernatant 75 ul mi�t�lJ 0.2% vol/vol Triton x-100

'
d �fJ} d 

10. Incubate 'Vl�tl!'l1jJlJ11tl.:i 30 'Wl'Vl

., j/ 11. 1\91 HIV-gag p24 Ag 1911V ELISA assay

12. Remove 2 t'W 3 'lltlsl supernatant

13. t�lJ 5 million PHA-stimulated PBMC

d ., 

14. mu supernatant 'V.]fl 7 TU



W t1 fll 'ill vi 't\ fM 

.d o �� � 11} d t  1 do ll}d 
\911'Jl�i'l 4 tl'ff��,ll'W1'WN\91�t•1rtlt'el'Jf t01U\91��frnlJi'l'WllJ1UVfUfl'lf t01,:Jlfl PBMCs 

Donors EC vc 

N=29 2 9 

d "l "" V-=> 1f ilJ "" ' I 

mnrn 5 U'ff��N'1'1J0�fll'jtWm0'lf t'eJ1,:JlflN\91�t'lf0W'Jf t01U\91'1�fl�lJ 

NC 

16 

HAART 

2 

Donors EC (n=2) VC(n=9) NC(n=16) HAART(n=2) 

HIV + - + - + -

isolation 0/2 2/2 2/9 7/9 8/16 8/16 

%Success 0% 22.22% 50% 

rate 

<II 1/J ""  ll)V ., V 
+ '11lJ1Vtl� 'ffllJl'JtlUVfU'el'lf t01,:Jlfl PBMC t�,:Jlflfll'J1�r--1��1V ELISA assay

+ 

0/2 

<II 11) I II) d 11) V ... V 
- '11lJ1Vtl� tlJ'ffllJl'JtHWflW'lf t01,:Jlfl PBMC t�,:Jlflfll'J1�N��1V ELISA assay

-

2/2 

0% 

25 
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11) <=1  51<=> J 1/J <=lo ') .I 51 o 
fl11 Isolation ltl'lf ttJ'HllflHvl�t'lftl!tl'lf tV1HW1'W 29 fl'W t�Vu1tflm.J�1U EC 'il1'W1'W 2 fl'W VC

'U 

0 0 51d II) j/o, ., j/ 51 II) ., I J II) A 

'11'W1'W 9 fl'W NC 'ill'W1'W 16 fl'W m'ltH'YI t�HJfl1'j'jf1£l1�1UUWll'W 11H'1' 2 fl'W 'Vl'U11f111UUm'lffHtl'lf rn1 
'U 

iJ j),=, fI 5}dd jki , .Ji 51<=> J <=1 

""1mrntwn l�'il1nr1w�t'lft1 NC ,��'Yl""'f'l tmtmmrntwfl l'f1'f1lJlflfl11 i.u vc CJf�r1v1�t'lftiW'lflt11 EC mit 
'U q 'U 

51d II) 51., ., iJ iJ II) ., II) , J II) "" II) 51 
H'YI t�'j'lJfl1'j'jf11ll'f11UU1\Pll'W 11'.i"" tllffllJl'jtJW.Jm'lftlttl'lf ttl1'illfl PBMCs t'fi 'U 

• 1 d •. , II) "' 51<=> J II) "" , , 
'JuYI 4 flHv'iUtl''f'l�rHl'UtJ�fllrnUflttl'lf ttl1'illf1Hvl�t'lftlttl'lf tV1Uvl'fl�fl'flll (%Success rate) 
IQ <o " 

u 100%

90%0. 

E 
80% 0 

... 

C 70% 0 

(0 
60% 

.� 

:::: 50% 

:I: 
- 40%
0 

QJ 

30% (0 
... 
"' 

20% 
QJ 

10% :::, 
0 0% 

0% 
diii/iliiP � 

�<, � �
°" �o 

� 0� <:>o «..,0 � 

1 51,=, J  1/J <=I I/JI J 1/J d
'illflrl'flfl11Yl'f1'flt1� HIV isolation 'V'l'U11Hl'l'f1t'lftltv'lf ttl1Ul�fl'W t1Jmm1mwm'lft1rn'lf rn1 'illf1 

'U 

II) 51 .Ji ?I II) '"' d Q 'I 51 I ,/ II) A ., t di 0 

PBMC t� CJf�tll'iltu'Wrl'fl'Uf:Mfl11 tllll CCRS 'VH1J'W coreptor t'Wfl11t�l�tCJf'fl'fl'IJV�t'fl'lf ttl1 ��'W'W'il�Yllfl11 

vl11'il'l'll CCRS gene 'illfl PBMC 



3) CCRS detection

� j/ 1  t/ QJ t,dl 'j/  d I o  
CCR5 fleJ coreceptor 'UeJ.:i HIV 'I, Ufl1'H'\Jl'�l9f'1'1 �s1Ul-Hl.:i\.leJ.:ilJfl1'j\9l'j1'1f1eJUi'11f11'ji'1�'1eJ.:i

'U 'W � eJ 'W f11 '5 'fl vHleM 

1. mm PBMC ,nn EDTA blood

2. 'fffi� DNA ,nn PBMC

3. '¥11 PCR reaction 1�m11�11mil.:i�trn.Jl'U 32 nucleotide 'LIU CCR5 gene 1�cJ CCR5 primer (5-

GAT AGGT ACCTGGCTGTCGTCCAT-3 and 5-ACCAGCCCCAAGATGACTATCT-3)

\Pll'jl.:i'vi 6 U'ff�slf11'jl\.l1cllJ'ffl'jffl'tt1'LI'l'l1 PCR reaction 

Reagents Amount(ul) 

l0x buffer 5 

dNTP 2 

CCR5 sense primer 1 

CCR5 antisense primer 1 

DNA polymerase 0.2 

Rnase-free-water 35.8 

DNA 5 

Total volume 50 

27 



d • o o.J 

�717-:J'Vl 7U'ff�-:J PCR conditions 'ff1'1111Jfl71\9111'il CCR5 gene 

Steps Temperature (C) 

1 95 

2 95 

55 

72 

3 72 

4 4 

4. Run gel electrophoresis �1cJ 2% agarose gel

Time 

5 min 

5 sec 

10 sec 

1 min 

2min 

Hold 

No. of cycles 

1 

35 

1 

1 

d d 

5. Wild-type CCR5 'il�ll'IJ'Ul� 239 bp mi� CCR5 deletion 32 bp 'il�ll'IJ'Ul� 207 bp

nJ� 5flTV'Ht'ff�-:Jfl71 Run gel electrophoresis 'IJeN CCR5 gene detection" 

400bp-
300bp-· -
200bp-
100bp-

1 2 3 4 5 

-�239bp

-�207bp

28 
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.d o (;\,I d i!) 9,/QJ 9,1 
\oll'fl-:J'YI 8 U'ff�M'1l'U1'Uell'ffl'fflJm'YI t�'j'lJfll'j\ol'.i1'1m CCR5 gene ma PCR 

Donor EC vc NC HAART HD 

Donors 2 16 40 3 15 

(n=73) 

CCR5 WT Del WT Del WT Del WT Del WT Del 

detection 2 0 16 0 40 0 3 0 15 0 

Wild type 100% 100% 100% 100% 100% 

CCR5 (%) 

�.I .J.:1 t $1 t o' � d 

'1lfllll'.i\ol'.i1'1'11lfll'.i'l1ltl tu'llfl-:J 32 basepairs 'U'U CCR5 gene i'llJH'i:l\olflfll'.it'lll�tcirmi 'lleMtfl'lf tfl'J 

1 $/"'> ,lf � d  d �I i 
'l'i'U11�\ol�t'lfUW'lf tVTl'Jflfl'UlJ CCR5 gene tu'UU'U'U wild type 'Yl'1'11lJ� 



100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

Wild type CCRS (%) 

0% ----.---,-----,-----r-----r

EC VC NC HAART HD 

30 

■ Wild type CCRS (%)

IIJ "' IIJV V  v • .cl .� iiJ "'di lv"' 1 
'il1flfl11UtlfHO'lf t'fl'J'illfl PBMC t�mn 'il�\ol0.:j'l'J1fl111'V'll.llJnl1W'U'fl.:jW'lf L'fl11'V'IO l11'V'lt1.:iY10 'Ufl11

o ,ii d IIJV Ve. Ji 1/J "'t 
'1'11fl11'1'1�'1'fl.:i (HIV propagation) CJf.:i HIV supernatant 'VHWfl L�'illfl�\ol�l'lfOrn'lf t'fl'J'l'l.:i VC um: NC 'il�\)fl 

l11m1vh1mmw1�01tt'iimmwmfl'Vi0ffll111Jfl1l'Yl�'c10.:j 1�t1'11 HIV supernatant 'illfl vc il'U'J'U 2 fl'U 

,,

Ui'l�1l1fl NC ,1'\..11'\..I 3 mnn propagation l?io Ui'l�Ni'lf1WV11 HIV propagation Uff�.:ii.:il?io l'U'W
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4) HIV propagation

'U tHWffU m rn � '1 ti-:!

l. t\911mJ PBMC 'Uti.:i Healthy donors 'lu IF medium (IMDM supplement with 10% vol/vol FBS)

2. Culture PBMC lw PHA medium (IMDM supplement with 10% vol/vol FBS, 5 ug/ml

Ciprofloxin and 1 ug/ml PHA) 

3. Incubate 37 C, 5% CO2, 2-3 days

4. t\911mJ PHA stimulated PBMC 'lt.1 IL2 medium (IMDM supplement with 10% vol/vol FBS, 5

ug/ml Polybrene and 10 U/ml IL2) 

5. t\911till PHA stimulated PBMC 5 million per ml 'lu IL2 medium

6. Culture PHA stimulated PBMC tm� 1 ml HIV supernatant

7. Incubate� 37 C 'lu shaking incubator 1-ir1 Lll-:1

8. Resuspend 1 million per ml 'lu IL2 medium 71'1.J

d � 

9. mu supernatant 75 ul tm�t�ll 0.2% vol/vol Triton x-100

d � � A 

10. Incubate 'Vl�W'IHJll'11tJ.:i 3 0  'Wl'\11

., 31 11. 1� HIV-gag p24 Ag mu ELISA assay

12. Remove 2 'lt.1 3 'Utl-:1 supernatant

13. t�ll 5 million PHA-stimulated PBMC

d ., 

14. mu supernatant i'Jf171'1-J



' ' 
d O QI 4:!G} 'j/ I 

vll'nrv1 9 1l'c1'�-:i'11'U1'Utll'ff1"1'lJfl'.i'VI t'lf HIV supernatant m propagation vie 

Donors VC (n=2) NC (n=3) 

HIV + - + 

propagation 1/2 1/2 2/3 

-

1/3 

%Success rate 50% 66.67% 

,, ' ,, 
I <V d llj!l/1 <V 1/J!I/ QI HIV supernatant t'Vl1'W'U'Vl"1'1lJ1'.it:1 propagation t� �cl'VI-:! VC mi� NC inmrn propagation t�'Vi0fl'W 

ru� 7 fl'.i1'WU'c1'�-:ii:-Hl'IJ0-:! HIV propagation '11fl HIV supernatant

Success rate 

100% 

80% 

60% 

40% 

20% 

0% 

VC{n=2) NC(n=3) 

32 



V ' 

'il7f1'Utl;'eMV17f111111tfhrnu '\JO.:! HIV supernatant riouvi'il�'Wllll i � tlf171'Yl11'10.:!v!O l 'LI 

5) fll1'Hlfll HIV titer 1'W HIV supernatant

'Utl\>10tlmrn11"1 o.:i

33 

1. t\911t111 PBMC 'UO.:! Healthy donors iu IF medium (IMDM supplement with 10% vol/vol FBS)

2. Culture PBMC iu PHA medium (IMDM supplement with 10% vol/vol FBS, 5 ug/ml

Ciprofloxin and 1 ug/ml PHA) 

3. Incubate 37 C, 5% CO2, 2-3 days

4. tl9l1t111 PHA stimulated PBMC iu IL2 medium (IMDM supplement with 10% vol/vol FBS, 5

ug/ml Polybrene and 10 U/ml IL2) 

5. t\911t111 PHA stimulated PBMC 1 million per ml iu IL2 medium

6. t\911t111 HIV supernatant 11'11-.1 10-fold serial dilution

7. irl 100 ul PHA-stimulated PBMC iu 96-well plate

8. irl 25 ul 'UO.:! diluted HIV supernatant

d �I "' 
9. Incubate 'Yl 37 C 5% CO2 !lJtlL1'11 7 1tl

10. Collect 50 ul HIV supernatant

11. t�lf 50 ul 0.2% vol/vol Triton x-100

'
d. at. y A 

12. Incubate 'V10tUi1.m.Ji10.:! 30 tll'Yl
. .. 

"' V 13. 111 HIV-gag p24 Ag 111tl ELISA assay

14. �1tl1tUi11�7 TCID 50



0 ' 

g'Vl'afll'Hll'l-!1W't'ilrll TCID 50 

34 

-log TCID50 end point= -log a - [(b - 0.5) x log c]

'' '"{ I -=I O -=i'I 9!q a flel fll'll'eJ-1 dilution 'YW11ff�'YI t'lf tUf111'Yl�'1el'1 

"I , • I ,/ ,1,d 31 b flel fllH'111ll'llel-lt1J'eJWl:fUA'YI culture A11'ili'fl.JH'11J1fl'llel'1 HIV-gag p24 Ag �'Jtl ELISA

-=I I 
assay 'Y1HA'1� dilution 

c �el dilution factor 

,S "J 31 I '\ 31 ,S • f'= ,Ji "I '\ 31. f'= "J -=I 
tlJ'eJ t�fll TCID 50 'il� t'lH'Yl'eJ'U'eJfl1JrnlW'll'eJ'1 HIV supernatant Clf'1f111t'1elfl t'lfurn1ru rn'lf t'eJ'J'illfl

.s O "1.1'1 31 • "I 'I "' ,J.,. "l '"' 11 "l -=I 
HIV supernatant t'Vi'eJUl rn t'lf supennfection '111-eJ infection tU'eJ7""7ffllfll'Yl\91� tm� tlJA�t'lfelt'eJ'lf tel1 



6) HIV superinfection Utl� HIV infection assay

'IJ 'W �Hl 'W f11 ':i 'V1 \PHHM

2. W.Jfl CD4 positive cells ,nn PBMC L\PHJl.ff CD4 magnatic beads

35 

3. Resuspend cell ll-J PHA medium (RPMI1640 supplement with 10% vol/vol FBS and 1 ug/ml

PHA)

4. Incubate 37 C, 5% CO2 l-Jll-J 2-3 11-J

,, 

5. 'Wl PHA stimulated CD4 positive cells mti'1-:i�-m Rl0 2 rii'-1

6. Resuspend ll-J Rl0 1 million per ml

7. lff 100 ul 'HM PHA stimulated CD4 positive cells l'W 96-well plate

8. 'Vl1L�'W duplicate experiments

9. L�ll.l 100 ul HIV supernatant

10. Centrifuge 400 xg � 22 C t�unm 1 hr

', 
d 

11. Incubate 'Vi 37 C 5% CO2 tll'Wnm l hr

d ?I "'
12. Centrifuge 400 xg 'V1 22 C L1J'WLT"1 5 'Wl'Vl

V V 
' 

t 
13. ,rn HIV supernatant �1tl RlO 2 fl':i-:1

14. t�hJ IL2 medium 190 ul

d 

15. Incubate 'V1 37 C 5% CO2

d 

16. Collect HIV supernatant 'V1 Day 3, 7, 10 U'1� 14

"' V 17. 1� HIV-gag p24 Ag wm ELISA assay
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.l: v o d v v .d 

�lfl'U'U\PIO.:i'Yllfll1'Vl�HH'FlLVHll17fl1llJL'lJlJ'lJ'U'lJ�N HIV supernatant 'YIL'l1ill�fflli'Ufl1Hll HIV 

' V 

suppression assay 1vif.lfll1L�O�N HIV supernatant vi 10-fold serial dilution 'Vl.:i'Hllvl 3 dilution fttl 1:10, 

d o "1.I ., 
1:100, tm� 1:1000 LVW'Ul tu superinfection fl'IJ PHA-stimulated PBMC Ucl� PHA-stimulated CD4+ T 

., ,d.,. )i Ii] I-=> )i Ii] d 

cells 'IJO.:itilfflffllm'YI\Plvlt'JSOU'cl� tlJ\Plm'JStlltl'lf ttl1 

.1 .d -·' ,d.,"1" 
'iu'YI 8 fl11TIUffvl.:i % HIV-gag p24 positive CD4+ T cells 'lJO.:i healthy donors 'Yl1vl tvl�lf) flowcytometry 
" 

'lJO.:ifll'i infection "11v HIV supernatant 

30 

•. I J' • I'= �I .d "1 " 
, 

" 
f11lTI'UUffv1.:iurn1ru'lJt1.:i HIV-gag p24 positive CD4+ T cells tu'U % 'YI t��lflfll'j 'JS HIV 

d "JV O Q/ 

supernatant 'YltWfl tvl�lf) VC �l'U1'U 1 isolate lJl infect flll PHA stimulated PBMC �lfl Healthy donor 

0 

1 , 'JJ,. � _d I QI t 'J} o
�l'U1'U 7 fl'U vlt'.J 'l1urn1ru HIV supernatant 'YIU\Plfl\Pll.:ifl'U'Yl.:i'Hllvl 3 dilutions v11t'.Jfl11'Yll 10-fold dilution 
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d .., • I'.: .J.,. ,lf 1/j "1 
I 

'V1 1:10, 1:100, trn� 1:1000 U'1�119lu"n.mu CD4+ T cells 'Vl\,l\9lt'lfvttl'lf tti1'il1fl HIV supernatant tt\,1'1� 

dilutions �1Vf11'JQtllJ intracellular HIV-gag p24 Ag LU CD4+ T cells trn�1191�1em1iv-:i Flow cytometer 

rl'1f11Hl1 HIV infection LU PBMC 'il1fl Healthy donor 'Yf1J17� dilution 1:10 ii% 'Uti-:i HIV-gag 

, d . .  & , �d . . ct p24+ CD4+ T cells 1Jlflf111'Vl d1luhon 1:100 tm� 1:1000 m 3 t'Vll GJM'Vl d1lut1on 1:100 mi� 1:1000 lJ % 

1/j I I .., 31 d I d "' 0 1/j. l'l 31'Uti-:i HIV-gag p24+ CD4+ T cells tlltt\olfl\oll-:inu mrn-:i hmrn11'Vl dilution 1: 1 0 mm�ffllfl'Ufl1'JU1 rn t'lf 

t"Viti superinfection f1'1J CD4+ T cells 'Uti-:i HIV infected donors lJlfl�'fJ'\91 

• �I o QI ,:Q d o QI d d 1JJ 'J/ 
\,JtJlJltuUfll'J'Vl\91'1 ti-:i'111'il7U 1U1UC!f-:imm�ffll'Vl"J'l9lff1'11 rnf17'Jtfl'IJ culture supernatant 'Vl t\9l'il1fl 

fl11'Vl\Pl'1ti-:i'Yl7 HIV superinfection L\91V'Yllf17'J'l'l\91'1tl-:itfi1J culture supernatant 1u1'u� 3, 5, 7, 10, tm� 14 

., 

mf-:i'il7fl superinfection �1V HIV isolates 'illfl'UU1\9lfl11l.lffllll'Jtl LUf11'J replication 'Uti-:i HIV isolate L\91V 

119lllil.Jlfil'Uti-:i HIV-gag p24 Ag lw culture supernatant �1V ELISA assay 
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1,J� 9 m1vJmrn-nJhmu HIV-gag p24 positive CD4+ T cells '11flfll':i superinfection niJ PBMC '\J'eN VC 

'J) 'J) 'J) 'l <I \Pl'ltl HIV isolates '\J'eN VC \>11f.Jfll':if.J'enJ intracellular HIV-gag p24 Ag fllf.J '1-HtlffH'l 

25 

20 -+-------------<!'----

15 -1---------------,------

5 

0 -+---------,--------,---------, 

Day 1 Day3 Day? 

'11flfll':i superinfection �1f.J HIV isolates '\JfN VC n1J PHA stimulated PBMC '\JeN VC U'1�1\Pl 

.I'= 'J) 'l <I .,, 1J':iilltU HIV infected cells '11flfl1Well.J HIV-gag p24 Ag fllf.J 'tH9f"1'1'\Jel.:J CD4+ T cells '11"1.:J'11fl

superinfection � day 1, 3 tm� 7 i'11J11 day 7 mf.:i superinfection iimmru'\Jei.:J HIV infected cells l.llfl 

d � � I d dd. 
i'HJ'\-1 (% '\Jel.:J HIV-gag p24+ CD3+ CD8- cells) rrn 22.8% 9f.:Jl.Jlflfl1TV1 day 3 'Vll.J HIV infected cells 5.4% 

"

0-:J 4 rvh i.:iwu'lunwrl1 HIV suppression assay ,l�'Yllfll':i1\PIH'1'\Jel.:J HIV replication mi-:i'11fl 

superinfection Uft1'lu1u� 7 

�eiii1vi'onhmrn\>1'1el.:Jt�ell:)H'1 HIV superinfection AO 'lunl'rn\>1'1el.:J'Vi'li PHA stimulated 

PBMC '\JO.:J HIV infected donors 1ll'U1'U 1 rl'U�t1'.lu VC im� superinfection �1f.J HIV isolate �1�'11fl VC 
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' ' ,, 
vi dilution viuvif1�1'11l'U flO 1:10 Ui'I� 1:100 '1lf1'W'U1�Uhrnu HIV-gag p24 Ag '1lf1 culture supernatant 

t�o�mliJ'ffllJl'Hl'U0-1 HIV replication �-m ELISA assay �'J'U� 7 'I-Hl-1 HIV superinfection 



- I .d _.t - � .d ., y 
4u'VI 10 f fHnll'ff��urn1ru HIV-gag p24 Ag'11f1 culture supernatant 'Vl1��1tl ELISA assay '11fif115

superinfection cl(1t1 HIV isolate \llfi VC fiu PBMC 'IHM VC � dilution �l�fi'W

400 

�{50 -+-----------------------·------

300 Q.-6 

250 

200 

150 ----M�l-7 --

100 

50 

0 

Dilution l: l 0 Dilution l : l 00 

40 

'11fif1'JlvlYl'U11rH'lf1WV11 HIV superinfection l'U PBMC 'illfi HIV infected donors 'il1f.J HIV 

isolate �1Wf1 tcl('illf1 VC 11�::1�mmru'IJ0� HIV-gag p24 Ag cl(1t1 ELISA assay �'l'U� 7 l'l{l�'illfi HIV

superinfection Yl'U11� dilution 1: 10 lJ'mllltl!'IJ0� HIV-gag p24 Ag (272.68 pg/ml) mflf111� dilution

� I Gj 9/ d I .d ., 0 �L l'I 9J '°'i 1:100 (114.17 pg/ml) tM 3 l'Vl1 11'ff��tl'lll'l'U1l'VI dilution 1:10 tm.n::fflJfi'U f115'Ultut'lHY10

superinfection fiu CD4+ T cells lllfi�"J'�l'lf'Ul�t11firn,rnm1'Vl��0��tcl('illf1 healthy donors
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1rltivm11 dilution '\HM HIV isolates �'l.U superinfection fl'U PHA stimulated PBMC � 1:10 

l1'1·H11flf11'.i'\'11 HIV superinfection � day 7 'lttrH'l��q'� \l1m!u,i�'\'llf11'.ii'l�'t'ltl-:it'l1'W!�tl1 nmi'1-:i�'W !!� 

!'U�tl'I-J\llflfll';i superinfection fl'IJ PHA stimulated PBMC !�'W PHA stimulated CD4+ T cells �-:i!�U 

target cells 'UtM HIV !1"�'\'11fl1'.ii'l�'t'ltl-:if1U HIV infected donors ,1'W1'W 10 fl'W 11'1� healthy donors 

' " 
o 

'l
'J} d �'J} o, 

,rn.nu 9 fl'W 1rn� 'If HIV isolates i'l!Wfl t�\llfli'l-:i VC 1rn� NC 

. ' 
• Id •. I • I'= d ., 'J} 

l1Ji'l 11 flHn!!ff�-:i1J1lJlru HIV-gag p24 Ag\llfl culture supernatant i'l1�WJtl ELISA assay 'UfMfll';i 

superinfection 11"� infection fl'IJ CD4+ T cells 'UtM HIV infected donors Im� healthy donors �1tl HIV 

isolates \llfl VC !1'1� NC � dilution 1: 10 

350 

300 

250 

200 

150 

100 

50 

,,...,./ 
,' 

.,.,;,/
_.,,. 

/" 
,., 

,,, 
, 

., ,/ 

,T•..,.
•',. 

.,· 

,,, 
/: 

HIV i.nfected 

donors 

/ 

Healthy donors

II HIV isolates "rom VC 

1111 l·HV isolates ·rom NC
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f·m'\J0'1fll'j superinfection trn� infection rX1v HIV isolates �l�'1lfl VC tm� NC f11J PHA 

stimulated CD4+ T cells •1rn.:ii.:io1fflfflJm�t�'U HIV infected donors trn� healthy donors �l'U1'U 10 tm� 

' I f SI 
o QI f d. QI d. fJ/ d\t} j/ QI 

9 fl'U �lllcl1�1J Yl1J11 'VI dilution 1:10 'l'HMfll'j superinfection 'VI day 7 m£J HIV isolates 'VI t�'1lfl'Vl'1 VC 

,, 

trn� NC YlU'Jl HIV isolates '1lfll'l'1ff0'1fl�ll'lrn.:i01mii-lfmiJ replication capacity ll-lU�fl�1'1f1'Utieh.:iiJ 

,, 

ifotl1Y1qJ'Vll'1ffO�Y1.:i'l'Ufll'j'Vl�'10'1 HIV superinfection 'l'W HIV infected donors trn� HIV infection 'l'U 

., 'l9'd .e:i. t • healthy donors U'1�£J'1Uff�'1 lH'H'UOfl11 CD4+ T cells '1lfl HIV mfected donors 11'1� healthy donors 

fJJ d tq 'J) t lq � I I QI I .c::S 

ffllJl'jtl superinfection trn� infection �1£J HIV isolates 'VI t�'1lfl'Vl'1 VC trn� NC t� tlJIW1fl\oll'1fl'UO£Jl.:!lJ 

1rlo l� condition �tm.Jl�fflJffl'l111J HIV superinfection i.:i�l'jl.:i�l'Uci1.:i 

�l'jl.:i� 10 Uff�.:i condition �mm�m.Jtll'l111J HIV superinfection '11�0 HIV infection assay 

Experiments Optimum conditions 

Dilution of HIV isolates 1:10 

Day after HIV superinfection Day7 
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" . . 

\17f1'W'Ul'iio 1l-'IBm'.i'Vlvt'10•rviming;fflJ \1g;i'17f17'.i'Vlvt'10.:I HIV superinfection trng; HIV infection 

" " 
C:V I Q.I Q.I Ql ,c::I

f)'IJ fl'1lJ fllfflff'J.Jfl'.i 'V1 nt llvt vi .:l'U 
q 

' V ' 
� 

t,17'.iWvi 11 Uffvt.:in�mnmm1'mi.:i1nmYi'Yl1m'.i'Vlvtm:i.:i HIV superinfection 11'.iO infection 
q 

Donors HIV infected donors (11=52) Healthy donors 

EC vc NC HAART 

(fl'U) 2 17 30 3 7 

\17flfllfflffl1'mi.:i11llv1l.:it,1n1.:i'l1'1.:i�'U ihmmm CD4+ T cells um; superinfection 1110 infection 

" . 

�1f.J HIV isolates •110.:ivi.:i VC trng; NC Yi dilution 1: 10 lt'1t1vlfl17ilffllJ7'.it:l t 'U f17'.i replication 'UO.:I HIV 

. 

Q/ d. SI Q.I 

'17f1 culture supernatant l1'1.:1'17f) infection 'V1 day 7 vt1f.J HIV isolates vt.:lt,17'.il.:I 

. . " 
cl "''I � QI 

t,17'.iHVl 12 Uffvt.:I HIV isolates tmg; HIV propagation 'V1 t'lf t'Uf11'.i'Vlvt'10.:l'Vl.:ll1ilvt 

HIV isolates (n) HIV isolation from HIV propation from 

vc NC vc NC 

1ll'U1'U HIV isolates 2 8 1 2 
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\Pll'n�� 13 Uff�.:Jfl�mmnmrm�'Yllfll'J'Vl�cto.:i superinfection 't1�0 infection �1rJ HIV isolates 

Donor EC vc NC HAART HD 

'11u1umff1'fftl'�'J (�u) 2 17 30 3 7 

'ill'U 1'U� H'UO.:Jfll'J'Yl�clO.:J 2 59 79 7 27 

"

(�i'.:i) 

t ., 

lj/ 
d QI c;1 

'illfl'W'W1�r-lclfll'J'Vl�cto.:i 1�u 'lf culture supernatant 'Vl day 7 Ucl�1��1rJ HIV-gag p24 Ag ELISA 

" 
assay 'UO.:JOlfflfftl'ml'i'.:iffO.:Jfl�il 

- HIV superinfection fl0f11'Jl.U HIV isolates 't1�0 HIV �1�'illflfll'J propagation m superinfection

QI Q.I v� � "I ,::io � 0 
flU PHA activated CD4+ T cells 'UO.:JOlfflffilfl'.if'l\Pl�t'lfOW'lf t01'ill'W1'W'Vl.:J't1il� 52 �'W Ucl�'Yllfll'J'Yl�clO.:J 

" " 

t�rJfll'J superinfection l'l.:J't1il�'11'W1'W 146 �f .:i 

- HIV infection flO HIV supernatant 't1�0 HIV �,�'illflfll'J propagation ill infect flU PHA

., v.d IIJ '1/J """ .K IIJ "' o t 
activated CD4 T cells 'UO.:JOlfflffilfl'.i�'Yl til t�\Pl�t'lfOW'lf t01 (Healthy donors) 'ill'W1'W'Yl.:J't1il� 7 �'W m1� 

" " . 
'Yllf11'J'Yl��o.:i hHJfll'J infection l'l.:Jlrn�'11'W1'U 27 �f .:i ;,:iui,-�.:ii.:JIPll'Jl.:J 
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\Pll'fl'1� 14 U'ff�'1fl�1.ltll'ffTfflJfl'J�Vllfll,Vl�HlV'1U'1�rmfll,Vl�'1V'1 superinfection '115V infection �1tJ 
' 

HIV isolates iu HIV infected donors 11'1� healthy donors 

Donor EC vc NC HAART HD 

,Jl'U1'UV1ifl'ffljfl'J (fl'U) 2 17 30 3 7 

,J l'U 1'U m -!l'UV.:Jfl1JVl�'1 v.:i 2 59 79 7 27 

(flf '1) 

rm superinfection '115V + - + - + - + - + -

infection 0 2 11 48 24 55 1 6 19 8 

Success rate (%) 0% 18.64% 30.38% 14.29% 70.37% 

+ mJW0'1 fl1,V1�'1V-!l�i1'1:IJ1,t1 superinfection '115V infection ,��1tJfllrf� ELISA assay

- m.nvo-:i fll,Vl�'1V-!l�,,.hnmrn superinfection '115V infection ,��-wnn1� ELISA assay
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':iV� 12 m1�m1'�-:tf·H'lfll':i superinfection trn� infection #(,f.J HIV supernatant 1-u HIV-infected donors 
.. 

tm� Healthy donors 

Success rate (%) 

100% 

80% 70.37% 

60% 

40% 

20% 

0% 

EC vc NC HAART HD 



7. t�h.J 100 ul 'IJV-:J reconstituted HIV-1 p24 detector antibody

8. Incubate� 37 C 'IHU l-<ir1 lm

'J) 
' 

'J) t 
9. m-:i m1croplate �1f.J lx Plate wash buffer 6 m-:i

10. tfol 100 ul 'IJV-:J streptavidin-peroxidase working solution

11. 

"' "' 
�1�1-:J'Vl 16 mY�-:im�t�nll.J Streptavidin-peroxidase working solution 

No. of strips Streptavidin-peroxidase (ul) Assay diluent (ml) 

3 40 

6 70 

9 100 

12 120 

.d "' 
12. Incubate 'VI 37 C 'Ul'U 30 'Ul'Vl

'J) 
' 

'J) t 
13. m-:i m1croplate �1V lx Plate wash buffer 6 m-:i

14. t�ll.J 100 ul 'l.lfl-:J Substrate working solution

4 

7 

10 

12 

48 



�1'iVl� 17 U��-:!f11'it�1f.lll Substrate working solution 

No. of strips Substrate (ul) 

3 40 

6 70 

9 100 

12 120 

' 

A a.. jl A 

15. Incubate 'Vl�tl!l11Jll'IHl-:!'WTW 30 'Wl'Vl 

16. l�lJ 100 ul '\HM Stop solution

CV f d 9,J 17. 1�m OD 'VI 450 run WW ELISA reader

49 

Substrate buffer (ml) 

4 

7 

10 

12 



"' ' 

�l'HH'l 18 mw1-:im OD '\Jfl-:! Standard HIV-gag p24 Ag 

Standard number Concentration (pg/ml) 

1 125.0 

2 62.5 

3 31.3 

4 15.6 

5 7.8 

6 0 

so 

OD at450 nm 

L315 

0.840 

0.508 

0.304 

0.184 

0.055 

18. f111�1'Wltl!�1 %Reduction �fl %Reduction = 1-(OD '\Jfl-:! background/OD '\Jfl-:! experiment) 

xlOO 



ii.J� 13 m1-wttff�M Standard curve 'U�M Standard HIV-gag p24 Ag

1.4 -.-----------------

1.262 1.2 +--------------"---'-='-"---

E 1+-----------�-----­

f6 0.8 +-------------------­

ro o.6 +----------,-----------

0 0.4 -l-----at'!;..:::Y..,4,:l.;.l-----------

0.2 +--��--------------

0 +------�-----�----� 

0 50 100 150 

Standard HIV-gag p24 Ag concentration (pg/ml) 
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"' y ,1 y y "1 .. 'ffl.lfll':i'U'e.l-:! Standard curve �'e.ly = 0.009x + 0.070 hff1.Jfll':i'Wh.1mnnm1m'\Jl.l'\J'W '\J'e.l-:!ttl'lf ttn 

1 'W culture supernatant 



" . 

_Iv � ��� o 

iX'.iu'IJltvlOlt'IJeHfll'.i&vl'Ulil HIV &WO &'lftltfll'Hll HIV suppression assay 
• 

t JI I tJ 

�1'.iVl'1 19 mY\o'l.:t'U'W�f fWfll'.i'\'17 HIV isolation m1�rrn1vi1'Mi'Wtt�i)�'U'W�O'W hur1.h�mw 

., 

rJ'rnm-11 'IJltvlOlt 

fll'.itWfl PBMC 3 hrs 

d 

fl1'.im1'iltl'W'UO.:t CCR5 5 hrs 

fl1'.it�1m1 PHA stimulated PBMC 3 days 

fll'.itWfl HIV isolate 5 wks 

fll'.i coculture 2 hrs 

fl1'.it�1mJ/&91lJ culture 1,-nl'Ylfl 7 1'1-.! 'UO.:t HIV 3 hrs/ 5 wks 

isolation trn� HIV propagation 

fl1'.i'l1Wl1 TCID50 3 wks 

ELISA assay 6 hrs 

fl1'.it�1mJ/t�hJ culture 1mJ'Ylfl 71'W 'UO.:t 3 hrs/5wks 

TDID50 detection 

52 



HIV suppression assay 

8) T cell isolation

d a, 

1. m·HJlJ Fresh PBMC 'Ufl-:J'c"llmfflJfl'.i

d 

2. Centrifuge 300 xg 'Wl'W 8 ruins 'YI 4 C

3. Resuspend PBMC iu 100 ul cold buffer

4. t�hJ 20 ul 'Ufl-:J Untouched T cell Dynal beads tn'l� FBS

5. Incubate� 4 C 'Wl'W 20 ruins

"' a 6. Will 2 ml cold buffer L'V'lfl washing

7. i1-:i 100 ul 'Ufl-:J Untouched T cell Dynal beads mi�iriiu PBMC

d ,e,. " v 8. Incubate 'Yl�lli11fJlJ116-:JWlt:J shaker 

' 91 • 9. Collect ff1'W'U6-:J Untouched T cells �nu Magnetic stand 

I I 9I 9I 10. U'I.N1J1-:Jff1'Wll1U6lJ� purity 'fl1U CD3, 4 trn� 8 surface markers

53 

mrnufl T cells 'illfl PBMCs Ofl'W�'il�i'Ui'11f11'.iUUfl T cells iifl�ri1u,m-:i CD4+ T cells trn� 

') .Ji 5/ 9l d Q/ , ') 5/ CD8+ T cells t'flULlJfltWfl T cells Ul;l1\916-:JlJf11'.i1'fl� Punty 'U6-:Jf11'.iUUfl T cells 'illfl PBMC t'flUf11'.iU6lJ 

surface markers CD3 �'JU monoclonal antibody trn�1'flr-Hl�1U flow cytometer 



� � c 

9) m·maii Surface markers 'U'l-UWWlHHI (CD3, 4 mt� 8)

d . d 

1. t\91 '.HJ'J.J cell suspension 'YI 100 ul

2. t�'J.J 20 ul Tritest BD antibody mix (CD3, 4 m'l� 8 momoclonal Ab)

3. Incubate �t1WtlfllJl1tl�l'W�"�'WTW 20 inn
. ., 

� � 0 t 
4. m�ma lx PBS '11'W1'W 2 flH

5. t�l-J 100 ul "lltl� 1 % Paraformaldehyde

... � 6. 1��1£1 Flow cytometer

54 



' '
"" QI A O  V V \Pll'fl-!l'YI 20 ULl'�.:immLYllm'Yl'Yllfll'HJUlll:] purity 'IJ'cMfl1'HWf1 T cells mu CD3 surface markers 

Donors HIV infected donors (n=58) Healthy 

(fl't,!) EC vc NC HAART donors 

70 2 18 35 3 12 

55 

QJ t do 1 'J) 'J) 

U7L1'7Ll'llfl)'Yl-!l'l1ll� 70 fl'k! 'Yl'k!l PBMC ll7Hf.lf1L1'1'kl'IJU-!l T cells trn�UUlJ surface marker CD3 �1U 

monoclonal antibody U"1�1�i:rni1u flow cytometer t�U� % purity 'IJU-!l T cells mf.:ir,nmwnmrnm'il7f1 

PBMC �1UTI Untouched T cell isolation 



d . d v 'JI\91111.:J'Yl 21 Uff�M % Punty '110.:J T cells 'Yl!WfHllfl PBMC U'11U0ll surface marker CD3 

Donors 

(rl'l-.!) 

70 

¾T cells 

(CD3+) 

EC 

2 

89 

HIV infected donors (n=58) 

vc NC HAART 

18 35 3 

93 92 92 

56 

Healthy 

donors 

12 

93 

vm % Purity '110.:J T cells 'illflfl11tm.1 surface marker CD3 i1u monoclonal antibody tmd'�vrn 

'J) ' Q.I t ' � 
�'JU flow cytometer 'V'l'IJ11 01ffl'ffllfl1'Yl.:J1'1-Jfl�ll'lltl.:J HIV infected donors tm� healthy donors lJ % Purity 

infected donors n % Purity 'lltl.:J T cells hiu\9lfl�1.:Jf1'1-J0£)1.:Jni.ru 'fflflt!J'VlNff�\91'\lt),:j EC, vc, NC tm� 

y y 

1 yd , 
y """' 'illflv-1'1fl11'Vl�'1tl.:J'IIN\91'1-.!Uff�.:J 11!'11'1-.111 mrnt.Jfl T cells 'illfl PBMC �1U11J Untouched T cell 

isolation ffllllHHWfl T cells tAf1lllfl 

irlmwn 1J(ihl.!'lltl.:J T cells 'illflfl11Uf.JflJ(1U1fi Untouched T cell isolation i11tl Negative selection 

y ' 
' 

y 

1y 'll'eN T cells U'11 \910lll'il:::!Wfl CD4+ T cells tm::: CD8+ T cells 'illflff1'1-J'll'eN T cells �1Ufl11 'lf CD4-
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monoclonal antibody coated magnetic beads 1�t1iU"1'1'U'\l6.:i CD4+ T cells \l�l�'Uf11'.iUtlf1U'IJ'IJ positive 

selection U'1�"1'1U'U6.:i CDS+ T cells \l�l�Uf1THWf1 U'IJ'IJ negative selection 



10) fll'JU£Jfl CD4 and CDS positive T cells

.,
,i 'W � fl 'Wm rn �HHM

V 1. Resuspend T cell WJtl MACS buffer

d A 

2. Centrifuge 300 xg 'YI 4 C 'WTW 10 'W1'YI

3. !All 80 ul MACS buffer m'l� 20 ul CD4 magnetic beads (MACS)

d 

4. Incubate 'YI 4 C 'W1'W 15 mins

V V t 5. '11��1tl 2 ml MACS buffer 2 flH 

6. 
'V Resuspend �'Jtl 500 ul MACS buffer 

7. l�Wll MS column U°"� Magnetic stand

8. 1rl cell suspension Mi'W Column

., ., 
9. !All 500 ul MACS buffer l1�'11ll� 3 rif �

10. t17 Column mrn,nn Magnetic stand 1rl°"�1mtml�1mJ

11. 'U1 Plunger 'If� CD4+ T cells trnmnn column

58 

o V , V V 12. i'l1f11Wflll� punty 'Ufl�f11'HWf1 CD4+ irn� CD8+ T cells �'Jtlfll'.itlflll surface marker 'Ufl�

CD3, 4 trn� 8
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.d Q.I do Y r:;J v �l'H'.li'l 22 lU)'.�.:itnin-cnJm'Vl'Yllf11'H.ltllJ'(l purity "tltl.:Jf11'HWf1 CD4+ T cells tltlf1'il1f1 T cells �1tlf17'.itltlll 

CD3, CD4. mu: CD8 surface markers 

Donors HIV infected donors (n=58) Healthy 

(fl'\-!) EC vc NC HAART donors 

70 2 18 35 3 12 

" . 

QI QI d o  I 'j/ <J) tlli'1'1'cl'llfl'J'Vl-:!'11ll� 70 fl'U 'Vl'Ul T "1Utlf1"11'U"tltl.:J T cells U"'�tltllJ surface marker CD3 �1tl 

• Q.I jl � • QJ monoclonal antibody U��1�rrn�1tl flow cytometer li"ltl� % punty "tltl.:J T cells '11"'-:!'il1f1Utlf1tltlf1"1'il1f1 

PBMC l1t1i'li Untouched T cell isolation 
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d d v ,, , 
1,1111.:i'VI 23 Uff�.:i % Purity 'U�M CD4+ T cells 'VltWmnn T cells mrJtlfllJ CD3. CD4, im� CD8 surface 

markers 

Donors HIV infected donors (n=58) Healthy 

(fl'U) EC vc NC HAART donors 

70 2 18 35 3 12 

%Purity of CD4+ T cells 95 96 94 95 97 

(CD3+CD4+CD8-) 

jl � I 

r-l"'Ufl.:!f111WJf1 CD4+ T cells 'il1f1 T cells tm�tlfllJ surface markers CD3, CD4, tm� CD8 !�fl'(J11 

CD4+ T cells ii CD8+ T cells 'U'I-Jll1'111fl lll t�tlf111'(]� % purity 'Ufl.:! CD4+ T cells 

V 
� 'il1m:nmmjm·'Yi.:im.1� 70 rltJ �u-:i1 % purity 'Ufl.:! CD4+ T cells u�1�11-:i1.:i 94-97 % CJf.:! 

., ' IIJ <Ji d 11J ,
'cllfflfflJrl'Jf1tjlJ HIV infected donors tm� healthy donors ffllJ1'HHWf1 CD4+ T cells t� % purity 'VI tlJ 

ffllll'HlUtlf1 % purity 'Ufl.:! CD4+ T cells �ll!Uvlf1�1.:!titJmh.:iihTm11fit11m.:iffa� !'JftJtitJ 
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d . d v 'JJ
Vll'H:JYI 24 mi'�-:J % Punty 'llel-:J CDS+ T cells YltWfHllfl T cells tnl1tlell.J CD3, CD4, trn� CDS surface 

m._arkers 

Donors HIV infected donors (n=58) Healthy 

(fl'U) EC vc NC HAART donors 

70 2 18 35 3 12 

%Purity of CDS+ T cells 86 88 82 88 87 

( CD3+CD4-CD8+) 

' 

v a , 

i:-.1'1'lltl-:Jfl1'HWfl CDS+ T cells ,nn T cells U'1�tlellJ surface markers CD3, CD4, U'1� CDS t'Viel'(111 

"' 
ti a 11) , 1 

d CDS+ T cells lJ CD4+ T cells 'Ul.11i11el tlJ �tlfl11'(1YI % purity 'llel-:J CDS+ T cells 

QI t I I I Ji 
�1fltll'fflffl.lmYl-:J'\1lJ� 70 f fW 'Vi'U11 % purity 'llel-:J CDS+ T cells tl�1�'1111-:J 82-87 % 91-:J 

ellfflffllmfl�lJ HIV infected donors U'1� healthy donors ffllJlHUWfl CDS+ T cells 1� % purity �1,J 

uvinlPi1-:it1'UeJVl-:Jihfoii1riwm-:iffil� U'1�llJflrilJ HIV infected donors lf-:i EC, VC, NC tm� HAART � u • 

ffllJ11fHWfl % purity 'llel-:J CD8+ T cells �1lluvifl�1-:Jf1'Uelf11-:Jiitfoii1rit11Yll-:Jffil� t<Jf'Uf1'U 



d d 'JI " 
�1'H:J'Yl 25 Uff�-:i % Purity '\J�M CD4+ T cells trn� CD8+ T cells 'Vlttf.JfHllf1 T cells U'11t.ltllJ CD3, CD4,

trn� CD8 surface markers 

Donors HIV infected donors (n=58) Healthy 

(flit) EC vc NC HAART donors 

70 2 18 35 3 12 

¾Purity of CD4+ T cells 95 96 94 95 97 

( CD3+CD4+CD8-) 

¾Purity of CD8+ T cells 86 88 82 88 87 

( CD3+CD4-CD8+) 

,, 
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� � t d 

f-li'lf11'HWf1 CD4+ T cells trn� CD8+ T cells ,nn T cells 'lltl-:Jtllfflffl-lfl5'Yl-:!11lJ� 70 flhl 'VfU11 lJ 

� d,..f ei, � 
9,) At:::! % purity �,:i Uff�-:Jfl-:Jf11llJlJ1J'j�ff'Y11ifll'V'l'\Jtl-:Jf11'jtWf1 CD4+ T cells mt� CD8+ T cells �1t.111i Untouched 

T cell isolation trn� CD4 positive selection �1t.lf115i<b' t'Vlfl iu ii'IV monoclonal antibody coated magnetic 

,i�ij % purity ��-:in11mrnvn CD8+ T cells t�t1-:i,i1ni<b'mmmmu1J positive selection 
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_ 1d •. I .J ,_, ,_, 
11J'Vl 14 m1r1H""�,:i % Purity '\Jtl-:J CD4+ T cells U�� CD8+ T cells 'V1W.lf1'illfl T cells ttmeJmJ CD3, CD4, 
., 

trn� CD8 surface markers 

100 -,------___,_J.Lo.-1. ________________ _ 

90 +-----

80 +-----

70 -+----

60 +-----

50 +-----

40 -+----

30 +-----

20 

10 +--'----

0 -+----

% Purity of CD4+ T cells 

88.75 

% Purity of CD8+ T cells 



V � d 

11) fll'jtlell.l Surface markers 1JU�1A9HHl (CD3, 4 m,� 8)

d . d 
1. Wl'H.lll cell suspension 'YI 100 ul

2. t�ll 20 ul Tritest BD antibody mix (CD3, 4 Ui'.'l� 8 momoclonal Ab)

' ' 

d �'J) G\ d� d 

3. Incubate 'Yl�tU'IHJll'Htl� t'W'Ylll�'I.Jl'W 20 'Ul'YI

'J} 'J} 0 i 
4. "1�\WJU lx PBS ,JTWTW 2 m�

5. t�ll 100 ul 'Utl� 1 % Paraformaldehyde

., 'J) 

6. 1��1U Flow cytometer
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!II 

12) fll'itlell.l Intracellular HIV-gag p24 protein

'U 'W \>HJ 'W f11 'J 'VI� mM

1. Resuspend cell l 'W 100 ul labeling buffer

,, ,, • I 

2. tl'tll.J surface markers �1tl antibody \vl'tl CD3, CD4 tm� CD8

' 

.cl G) .cl,:!! 3. Incubate 'Wl'W 20 'Wl'Vl t'W'VllJ�

� A ,, t 
4. t\vllJ 1 ml ICS wash buffer rvrnm.:i 2 f!H

5. t�lJ 250 ul permeabilized solution

' 

6. Incubate 'Wl'W 20 mvi vi 4 C

� A v t 
7. t\vllJ 1 ml ICS wash buffer rvrnm.:i 2 f!H

65 

8. dmJ HIV-gag p24 protein �1tl antibody �'tl p24 protein 3 ul tm�1i isotype control 3 ul t�fl

t�'W control l'W 47 ul '\l'tl.:J buffer

9. Incubate 'Wl'W 30 mvi vi 4 C

. ,, 
C\ di. j/ QI 

10. t\vll.J 1 ml ICS wash buffer rvrnm.:i 2 f!H

11. t�l.J 200 ul '\lfl.:J 1 % paraformaldehyde

Q.I ,, A 12. 1�f!1tltfl'J'tl.:J flow cytometer
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13) HIV suppression assay �1� Bulk CDS+ T cells

d � 

1. llll'H.lll PBMC '\ltJ·Hl1'ffTffllm

• 'j) """" 

1 
'l 'V 2. i'11fl1'HWfl T cells �'Jcl'Jli Untouched T cell ,nn PBMC �clfl1':i t'lf Dyna untouched T cell

beads 

3. '11 T cells mtwm1'.Jurl1'U'\ltJ� CD4+ T cells um� CD8+ T cells �'Jcllfi CD4 positive

selection 1�c1m':iH1 MACS CD4 magnetic beads 

4. Resuspend ff'J'U'\ltl� CD4+ T cells iu PHA medium tnl:l: CD8+ T cells iu RIO medium

d � 

5. Incubate VI 37 C, 5% CO2 'U1'U 3 1'U

d 

6. lfl'U culture '\ltJ� CD4+ T cells mi::: CD8+ T cells

� � d 
8. U1JlCJHHHtl:lg: resuspend 1u IL2 medium VI 1 million per ml

9. l�ll 100 ul '\ltJ� PHA stimulated CD4+ T cells iu 96-well plate

'j) "" 

10. \911ll�'Jclfl1':il\91ll 100 ul '\ltJ� Bulk CD8+ T cells

11. Centrifuge� 400 xg, 22 C 'U1'U 1 hrs

' 

d 

12. Incubate vi 37 C, 5% CO2 1U'Ul1'11 1 hr

d ?I d 

13. Centrifuge 400 xg VI 22 C lu'Unm 5 'U1VI

'j) 'j) t 
14. l:l1� HIV supernatant �'Jcl RIO 2 f!H

15. l�ll IL2 medium 190 ul

d

16. Incubate VI 37 C 5% CO2

d 

17. Collect HIV supernatant VI Day 3, 7, 10 mi:;: 14



Q.I 'j.J d 

18. 'J� supernatant �'Jtl HIV-gag p24 ELISA assay 'l'l 450 run

' 

_,� 0 " 

iui1 15 fl1l'lU'ff�.:tfl1'.i'l'llf11'.ii1�cltM HIV suppression �'Jtl Bulk CD8+ T cells 

d. 0 'j} 

�1'.i1'1i1 26 U'ff�.:tfll'.i'l'llfll'.i'l'l�m:M HIV suppression assay �'Jtl Bulk CD8+ T cells 

fll �'fl�HH>..:J i1m.h�n0u 

Negative control Autologous CD4+ T cells 

Positive control Autologous CD4+ T cells � superinfection �'Jf.J HIV

supernatant 

Experiment Autologous CD4+ T cells � superinfection �'Jtl HIV

supernatant tm� Bulk CD8+ T cells 
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'j'U� 16 m1vlm1'�.:i % HIV suppression 'U�M controllers, noncontrollers tm� healthy donors 
" 

C: 
0 100,, ••• 
� 
�. 

CP 
'"" 

80,-

� 
60• 

� 
:r: 

-f 
� 40•

� 
.m 

20-

0 
� 

·-· I . 

k� I). 
(:j� -'4cr +.CJ � 

I QI t 'J} o 

fl'JllflTi:Ylffllm'Yl•H-UJ� 19 fl'W 'U1g;flf)1J�'JfJ HIV infected donors ,mnw 10 fl'W trng; healthy 

o � d o o donors 1ll'i.l'l'W 9 fl'W '11.:J HIV infected donors lJ controllers \ll'W'J'W 3 fl'W tm� noncontrollers \ll'W'J'W 7 fl'W 

�.:immffirm,i� superinfection mi� infection �'JfJ HIV isolates �twn1�ttt'l�•H� dilution 1:10 f11J PHA 

stimulated CD4+ T cells 'UfJ.:J HIV infected donors tm� healthy donors \9lllHlWl1J \llflU'W coculture f1'!J 

d q Q.I d Q.I t bulk CDS+ T cells (Unstimulated CDS+ T cells) Ut'l�tfl'!J supernatant r!.J'J'W'YI 7 '11'1.:J\llfl coculture \llfl'W'W 

"' 'l v o ?I 1� HIV-gag p24 Ag ru culture supernatant �'JfJ ELISA assay tmg;fll'W'lt\HHH1J'W % HIV suppression 

� Q.I i 'J) 

'111flfl'JllJffllJ1Hl iumW'!JfJ.:J HIV replication �'JfJ bulk CDS+ T cells 
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" 

i:H'lfll'j'VJyH\tl.:J HIV suppression l'Wfl�lltll'ffTfftl'm'Vi.:i'Hitfl 19 fl'U 'VnJ11 fl�ll HIV infected 

d ?1 t QI t . "1 v � Iii , donors 'Vltu'l-1 controllers 'YM'Hllfl 3 fl'U 'ffllllHW'Utl-1 HIV replicat10n tfl 100% fltl lll'ffllJl'Hlm'J\l'Vi'IJ 

HIV-gag p24 Ag l'U culture supernatant 'IJtJ.:Jfll'j"VJflcltJ.:J�lJ bulk CDS+ T cells ff'J'Ufl�lJ HIV infected 

donors �ttl'W noncontrollers i.:i'HlJfl 7 fll-J 'Vi'IJ11'ffllf1'jmi'u5.:i HIV replication 1�UtJtlfl11'1JtJ-lfl�lJ 

tll'ffl'fflJm controllers tJUl.:J'lfflt1l'W U'fff!.:Jl'Ht�l-J':h bulk CDS:+- T cells 'IJtl-1 controllers lJfl'JllJ'ffllll'jtl l'l-1 

" . ., ., li]V I "i I "' I 

'l fllW'Utl-1 HIV replication tfllllflfl11 noncontrollers tfltl�1llflfll % HIV suppression 'Yllllflfl11 trn� lJ 

fl�lJtll'ffl'fflJfl'j�ttl'W healthy donors �TW'J'U 9 fll-J 'Vi'IJ11 bulk CDS+ T cells 1iJmm'jt1ri'rnT.:i HIV 

• •  li]V .Ji li]V I d I .,  
replication tfltcltl CJf.:J� .lfl\llflfll % HIV suppression 'Vlt'Yllfl'IJ 0

J,_ f � d 

tlJtJ'Vi'U'Jl bulk CDS+ T cells 'H'm unstimulated CDS+ T cells 'Utl-1 controllers lJfl'JllJ'ffllJl'jtl 

l'Ufll'.iU'IJ5.:i HIV replication 1�mflfl11 noncontrollers \Jlfll!'l-l\l�'Vllfll'j'Ylflcltl-1 HIV suppression 1Y1t1'li 

. " 'l" .at 'l 
.,., 

HIV-gag p24 specific T cell lines m t'lfU'VllJ bulk CDS+ T cells t'VitJ'Ylfl'fftJ'Ufl'JllJ'ffllll'jtl l-Jfll'jtJ'IJtl.:J

HIV replication �'Jtl HIV specific T cells 1Ylt1i'llfll'j'YlflcltJ-ltl1tl'Uf1'Wl'Ufl�lJtll'ffl'fflJfl'j HIV infected 

da o QI • " v . donors 'YltU'W controllers tm� noncontrollers lfltl'Yllfll'j'Jf!Hcl HIV suppression fl'JtlfllW'ellJ intracellular 

Ji ,.t"= .d .e!( I QI 

HIV-gag p24 Ag CJf.:JU'fffl.:Jurn1ru'IJ'el.:J HIV infected CD4+ T cells 'Vlclflcl.:JtlJtJ coculture 'j'JlJfl'U HIV 

specific T cell lines Ucl�'Vllfll'j1flfil HIV-gag p24 Ag 'lu culture supernatant �'Jtl ELISA assay cjf,:i,i�

" 

U'fffl-!Hcl'IJtJ-!fll'jV'IJV-1 HIV replication 'lu culture supernatant 'H�tlfil %HIV suppression 



l'LI� 17 m1�ml'\Pl.:i HIV suppression �1V HIV-specific T cell lines 'HM controllers 'il1f1f11'i1\Pl 

intracellular HIV-gag p24 Ag '\JO,:! CD4+ T cells 

100 

30 

GO 

D3 D7 DIO Dl4-

�CTL-OLP28 

-'llii-CTL-OLP30 
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'illf1m7�'V'l'IJ11 HIV-gag p24 specific T cell lines '\JO,:! controllers �O epitopes QATQEVKNW 

(OLP28) tm� TSTLQEQIGW (OLP30) � day 7 t�tJ1Pi'tJl'U""1lllHlfi1i\Pl HIV infected CD4+ T cells l� 

.Ji 3/ I •• ( 'il'Ul1lJ\Pl C}f,:!U"1'\Pl,:l\Pl1Vfll % HIV suppression 'illf1f1Hrt 



'j'LJ� 18 m1�uiw1-:i HIV suppression �1f.J HIV-specific T cell lines 'Ufl-:J noncontrollers '1lf1f1l'ji� 
" 

intracellular HIV-gag p24 Ag 'Ufl-:J CD4+ T cells 

100 

80 

4{) 

20 

0 

03 D7 DIO D14· 

.....,..C'I'L-OLP25 

..,._CTT .-0 T ,P?.8 
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'1lf1ml�i'l'lJ11 HIV-gag p24 specific T cell lines 'Ufl-:J noncontrollers �fl epitopes 

KGFNPEVIPMF (OLP25) um: QATQEVKNW (OLP28) � day 7 t�'l-!,l-.ll'Uffll.Jl'jtlfll�� HIV infected 

Ii) 5/ ,!i ,/i 5/ I . • .,( CD4+ T cells 1�'1l-.ltfifl'lJ'l1lJ� CJf-:JU��-:J�1f.Jfll % HIV suppression '1lf1f1'jl11 
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qi <!I • V iV ,JlflrH'lf11':i1� %HIV-gag p24+ CD4+ T cells li'Hl'l17fll % HIV suppression mvm1 'll' HIV 

specific T cell lines 'UO�fl�mrnnmTm HIV infected donors �l�'W controllers llc'I� noncontrollers 'Vi'U17 

. . 

.c:l QI d t d 

i'1 day 3 Vl'ffTfflJfl':i controllers lJ % HIV suppression lllflfl17 noncontrollers llcl�i'l day 7, 10 llc'I� 14 

I d ?I t ' i I 
d 

'Vi'U17 controllers lJ % HIV suppression lu'W 100% m'VflJ� 'ff'J'W 'Wfl'Jll noncontrollers lJ % HIV 

suppression !�'W 100% !'l1'Wf1'W vm1'W� day 10 'UtM HIV specific T cell line �o QATQEVKNW (OLP28) 

�OlJl,J�i'llfll':ii'l�mM HIV suppression <A1V HIV specific T cell lines !'l1'Wl�lJ ll�l'U�V'W'illfl 

qi • V V • �I qi fl111m-rn % HIV suppression �1!:Jfll'WOlJ intracellular HIV-gag p24 Ag 'UO� CD4+ T cells tu'Wmn� % 

HIV suppression ,llfl culture supernatant 1�tt1� HIV-gag p24 Ag <A1V ELISA assay 
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Jtl� 19 m1'VJm1'�� % HIV suppression �'JU HIV-specific T cell lines 'll�Ncontrollers '11f1fll'j'J� HIV-gag

p24 Ag lw culture supernatant �'JU ELISA assay

,-< 100 

• ,-< 

80 

t.... 
60 

> 

40 

_, 20 

$-. () (l.) 
p... CT£.rOLl'28, CTl.rOLP:m, 

O.IM O.JM

GTl,-OLP28, GlT.rOLP30, 

0.051\-1 0.051\'1 

ii D3 

ill Di 

'-'DIO 

ant+

m1'VJm1'��fl1'.i'Vll HIV suppression assay �'JU HIV-gag p24 specific T cell lines 'll�N 

controllers 91V epitopes QATQEVKNW (OLP28) u�::: TSTLQEQIGW (OLP30) u�:::'Vllfl1'j'J�vm % HIV 

. ' 
• cl j/ <V 

1 
I <C! <C! 

suppression 'Yl day 3, 7, 10 im::: 14 �1umn� HIV-gag p24 Ag 'W culture supernatant vnn1 'Yl day 3 lJ % 

' . ' 

• d. cl d. d,.t 'J/ d. 
HIV suppression 'Yl 59-73 % u�:::'Yl day 7, 10 im::: 14 lJ % HIV suppression 'Yl1J';i:!:l.Jltu 95-100% urn1'W'Yl 

day 7 'UV� HIV-gag p24 specific T cell lines �V epitope TSTLQEQIGW (OLP30) 
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_, 
• ., '1 ., ., d '\' o' "1,, I ,, ,, '1 'I d "1 fJ1Jff':i':iftff1ftqJ t'Utll':i'WWJ'U71ftCJf'U trntew1ff t�un t11':i'll1�m1lll¥111rn'IJ1 t'il imrn�mi tfltll':i

Pl (L
I C\ l J. ... I C\ A QJ d 1Jtl�f1'UU"1�tll':ifl1'LirJlltll':i��t'lfeJ HIV 'UOf1'illf1'U f11':i'Yl�ffO'IJ1J':i�ff'Yl1ifll'W'lleH1flCJf'U HIV VIN

" 

tto�ilij'LI�m':il 'UU'il�'IJ'U 'IJOf111Pltt�t'Yi£J� immunogenicity 'llfM1flCH'Ut'Vll'U'U u�mJn 1li1t:i11J1J�llfi'U

QI I r, ., A Jt
l/)

5/ "1 1/)1 I 'J' J, ��f1"111'ilg:iY1lJ1'H'l1JO�f1'Utll':i��t'lfO t�lf'jt) tll t'lf'U mrn�fff flJfll'j�e:J'IJff'UO�'IJO� T cell t�£Jtll':il1"1�
' "

gamma interferon (IFNY) \P11£J ELISpot assay vil�'Uf11':i'Yl�ffO'IJ"1'1'Ull1t\!'lltl� vaccine trial lwuwd'l

,dl ,., f �I C\ d-=t "I ' C\ Q.I G\ Q,I G) y cl I Q.I (HUlJ11'il�t1J'Ut'Ylfl'Ufl'Ylllmlll ntr� m,� high throughput u��l'U1'il£J t'U':i�£J�l1Mttff�N tl1tl1'U11 fll'j'J�

'\' A o' I d II) 11/) 5/ ,'1 • • , 5/A lt mrno'IJff'UO�'IJO� T cell t�£J1tfl':il�l1 IFNY 0£Jl�t�W1 tll t�Uff��t:l� protective 1mmumty 'IJO����t'lfO

Q.I t d dC\ t1 'JI 9 r;1d 1q 
3/Q.1 

HIV ��'U'U fll':illfll':i�O'Uff'UO�'IJO� T cell 'Yl1tfl'.il�l1�1£J IFNY ELISpot assay t'U�'YI t�':i'IJ HIV vaccine

� \ti 111) 'J}d I Q.I !', A C\ j} Q.I I C\ � f I Gj � Q.I 4:i 'il� tll t�lJf117lll1ll7£J17 Olfflffllfl':i'U'UllfJll "fJllfl'U" �omrn�t'lfO HIV U�e:J{Jl� t� �1\W'il�tff'UOf17'.i

Q.I c. C\ r1 fJJ ad  A � 'WWl'Ult'Ylfl'Uflf17':i1tft':il�l1f17rno'IJff'UO�mv11i (HIV replication) suppression assay l'Wottff��f-1" t�V�H
" ' 

'\JO� T cell l'Utll':iVrni'�fll':il'Yill'll'U1'U'IJO� HIV

�., 111 ,,., ., ., d"' Jt • '\' ' �I flW��1'il£J'il� t�':i'IJffllfl':iOlfflffllfl'.i'Yl��t'lfO HIV 'ill'U1'U 10 fl'U t�£JU'IJ�t1J'U TP 5 ft'U trn� VC 5

' 
4'!t .:!:f. 0 0 fl'UU"1�l'il1�rno�t'WO'Yllf17':itWf1 Peripheral blood mononuclear cell (PBMC) trn� plasma 'Yllfll':itWf1

.J' � o v � "" C\ dtd t'W1�rn£J�trn�t'Wll'ill'U1'U HIV 'illf1 CD4+ T cells 'illf107ff7ffllft':i t�V t'lft'Ylfl'l-lfl l'Ufll':i isolation 'Yl'Yl�'Yltft£J

�'Vill'Vi url'1trn�i�u1'"1�to� 'ViWl'Ult'Ylfl'Wft�l�'Ufll':i'Yl�ffO'IJf17':iV'IJ5� HIV replication 1�v CD8+ T cells

... � d G\ QJ t 
G) 

Q.I dA Ji 1 U"1�l1J'.i£J1H'Y1£J'IJfl17llffllll'.if:l t'Uf17'.i£J'IJ£J� HIV l�V T cell t'UOliYlffllfl':i'Ylll clinical outcome CJf�U�flm�

fi'U
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