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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

(usually 100 OOO/well) and incubated for 18-24 hours in the presence of antigen. 

During this period antigen-specific responding cells release the cytokine, which is 

captured in the immediate vicinity of the cells. Cells are removed by washing and a 

biotinylated antibody directed to a second epitope on the cytokine is added. 

Streptavidin conjugated with HRP (horseradish peroxidase) is added. Finally, a 

precipitating substrate for HRP is added and the plates are incubated until spots 

emerge at the site of the responding cells (a period of several minutes). The spots are 

examined and counted using an ELISpot plate image analyzer with spot counting 

software. Calculating the number of spots according to the number of cells added to 

each well gives the frequency of the responding cells. 

3.2.3.1 Peptides 

The peptide sets used in the cross-clade study belong to Gag subtypes A, D, consensus 

B, CSA (strain Du422) and CCH (from China). Subtype B peptides were provided by 

the National Institute of Health AIDS Research and Reagent Repository, while 

subtypes CS.A, CCH, A and D were provided by the International AIDS Vaccine 

Initiative. The two subtype Cs and subtype B peptides spanned the full length Gag 

protein while subtypes A and D covered the p17, p24 and p2 regions. A pool and 

matrix approach was used in which five pools were made up for each of the five 

peptide variants (Appendix C, Table Cl) and 24 matrix: pools were designed to include 

all the single Gag peptides, which make up the five different peptide variants 

(Appendix C, Table C2). The consensus Gag B peptides were available as Img 

lyophilized peptides while the other four peptide variants were supplied at 

500/lg/peptide. Single peptides from the five peptide variants were reconstituted to 

10/l1 aliquots of 10mg/ml as stocks and then further reconstituted to 30/lg/ml as 

peptide pools or individual peptides and stored at -80°C. The peptides were used at a 

final concentration of 1.5/lg/ml in the ELISpot assay. CEF peptide pool was used as a 

positive control on all tested PBMCs. The CEF peptide pool constituted a panel of 32 

8-11-mer CMV, EBV and Flu virus peptide epitopes recognized by CD8+ T cells. The 

pool was reconstituted at 20/lg/ml in 90% PBS/lO% DMSO and stored at -80°C. An 

ELISpot worksheet (Appendix C, Table C3) was completed with each assay 

performed. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

3.2.3.2 Thawing of PBMCs 

PBMC vials were removed from liquid nitrogen storage and placed on dry ice while 

waiting to be thawed. The vials were thawed rapidly in a water bath at 37°C. The cells 

were immediately added to a 50ml falcon tube and 10ml of Roswell Park Memorial 

Institute (RPMI) with 10% Fetal Calf Serum (FCS) (RIO) media was added drop wise 

whilst swirling the cells. RIO was added to the cells up to 25ml and they were 

centrifuged at 250 x g (relative centrifugal force-g) for 10 minutes. The supernatant 

was discarded and the pellet was resuspended in 500111 of freshly prepared 

deoxyribonuclease (DNAse, O.2mg/ml) solution (prepared as I in 10 dilution with RIO 

media) and left for 2 minutes. RIO was added to the resuspended cells up to 25ml and 

cells were again centrifuged for 10 minutes at 250 x g. The supernatant was discarded 

and the pellet resuspended in 5ml of R20 (RPMI with 20% FCS) media. The cells 

were incubated at 37°C, 5% CO2 in an incubator (Thermo Electron Corporation, USA) 

with the caps slightly loosened. 

3.2.3.3 Plate coating 

Each well of a 96-well polyvinyledene plates (Microsep Millipore Products, France) 

was coated with 50111 of 5mg/ml capturing antibody, mAb I-DI-K (MabTech, 

Sweden). The coated plates were gently tapped to ensure that the entire membrane 

surface was completely covered with the coating monoclonal antibody. The plates 

were sealed with self adhesive plate seal (Brand products, Denmark) and incubated 

overnight at 4°C. 

3.2.3.4 Cell stimulation 

On the following day, the coated plates were washed three times with 200lli/well of 

sterile PBS in a Biosafety class II hood. Each plate was blocked with 1001l1/well of 

complete RIO media and incubated at room temperature for at least 2 hours. 

The PBMC samples were removed from the 5% C02 incubator and washed with 25m I 

of RI 0 and centrifuged at 250 x g for 10 minutes. The cell pellet was resuspended in 

5ml of RIO and counted as described in section 3.2.2.1 RIO was added to the cells up 

to 25ml and centrifuged as before. The supernatant was discarded and the cells were 

resuspended at 2xl 06 cells/ml. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

The blocking RIO media was discarded from the plates without drying the plates 

completely. Fifty microlitres of peptide pools described in section 2.3.3.1 were added 

into each well at a final concentration of 1.51lg/ml. The peptide pools were added in 

duplicate, as well as 24 different matrix pools (Appendix C, Table C2) as shown in the 

plate layout in Appendix C, Table C3. Fifty microlitres of 8-11-mer CEF (BD 

Biosciences, USA) peptide pool (described in section 3.2.3.7) was added at a final 

concentration of 1.5ug/ml, and 50111 of Phytohaemagglutinin (BD Biosciences, USA), 

a non-specific stimulator was added last to avoid contamination. The cells were added 

last and were stimulated overnight for 18 hours in a humanized 5% CO2 incubator at 

37°C. 

3.2.3.5 Membrane development 

The following day, the plates were removed from the incubator and washed six times 

with 200IlI/well of PBS containing 0.05% Tween 20 (pBS-Tween) (Sigma, USA) 

using a plate washer (ELx50 Auto Strip Washer, Bio-Tek Instruments, USA). Excess 

fluid was removed by tapping on an absorbent towel. Fifty microlitres per well of 

biotinylated anti-human IFN-y monoclonal antibody clone 7-B6-1 (mAb7-B6-1, 

MabTech Sweden), diluted to 21lg/ml in PBS-lO% FCS was added. The plates were 

incubated for 3 hours at room temperature. 

Two hundred microlitres per well of PBS 0.05% Tween was used to wash the plates 

six times and Streptavidin-Horse-Radish Peroxidase (HRP) (BD Pharmingen, Canada) 

at I :500 with PBS-IO% FCS was added. This was incubated at room temperature for 

an hour. The plates were washed again six times with 200Ill/well of PBS-Tween. The 

membranes of the wells were developed with 1001ll/well of Nova Red substrate 

(Vector Laboratories, CA) for six minutes in the dark. The reaction was stopped by 

emptying the wells and rinsing in cold tap water. 

The number of cells producing IFN-y was counted for each well using an ELISpot 

plate reader (CTL Analyzer, CTL Technologies, Cleveland, OH) and expressed as 

spot forming units per million (SFU/106
) PBMC. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

Peptides in pools and matrix pools that gave positive responses in the ELlS pot 

screening assays were tested individually to determine the reactive peptide in IFN-y 

ELlS pot assay. These peptide confirmation assays were performed on two selected 

individuals chosen because of their broad predicted reactivity. 

3.2.3.6. Test acceptance criteria 

A response was considered positive if the SFU/I06 PBMC exceeded 100 after 

background subtraction. An assay passed if there were less than 5 spots in each of the 

media control wells, not more than 100 spots in each of the media and cells wells and 

ifnot less than 400 spots were present in the PHA positive control wells. Details of the 

assay controls and test acceptance criteria are presented in Appendix C. 

3.2.3.7 ELISpot controls 

As progress is made towards developing a safe and effective HIV -I vaccine, there 

must be an assay that is robust and sensitive and the ELlS pot assay is one such assay 

(Mashishi and Gray, 2002). However, the reagents that can be used as positive control 

must be optimized and standardized. Although mitogens such as PHA provide a 

quantitative answer to whether the assay works, they do not test antigen-specific T cell 

stimulation. The use of the same antigen-specific stimulation in different assays rather 

than mitogen stimulation is also useful for standardizing the IFN-y assay as well as to 

monitor inter- and intra- assay variability. 

Antigen-specific stimulation in the current study was performed by testing study 

individuals for their ability to recognize peptides based on CEF, which are 8-12 amino 

acid long peptides arranged into 32 pools with sequences derived from 

Cytomegalovirus, Epstein - Barr virus and influenza virus. CEF peptides can be used 

for the stimulation of IFN-y release from CDS+ T cells in individuals with defined 

HLA types that have been exposed to the viruses. It covers 15 different HLA class I 

alleles, in particular HLA AI, A2, A0201, A3, All, A24, A68, A60SI, B7, B8, BIS, 

B27, B35, B44, B0702 (Currier et ai., 2002). 

The negative control wells consisted of six unstimulated PBMC and two unstimulated 

wells for the QC sample per plate. Each plate also had six wells containing RIO 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

(media only). Positive control wells consisted of two PHA-stimulated PBMC and two 

PHA-stimulated wells for the QC sample per plate. The control wells consisted of two 

CEF stimulated PBMC and two CEF-stimulated QC sample on each plate. 

3.2.4 Analysis of immunodominant peptides 

Reactive peptides that had> 1 000 SFU/I06 PBMC were cla~sified as immunodominant 

peptides. These peptides were analyzed for previously defined epitopes using the 

Epitope Location Finder tool at the Los Alamos immunology database 

(http://www.hiv.lanl.gov/contentlhiv-db/ELF /epitope analyzer.html). The tool looks 

for probable epitopes using previously defined epitopes on the database based on the 

submitted HLA type. 

3.2.5 Calculation of peptide variability 

Shannon entropy is a measure of the amino acid variability at a given position that 

takes into account both the number of possible amino acids allowed and their 

frequency. Entropy in each amino acid position is calculated as -IPaalogPaa, where Paa 

is the proportion of each amino acid in the respective position. When only a minority 

of a peptide sequence had gaps in a position, the position was included and the gaps 

were treated as separate symbols. A Shannon entropy score was calculated for each 

amino acid position of 5 corresponding peptide sequences for the 32 peptides that 

were reactive in two individuals. An average entropy score for all positions in each of 

the reactive peptides was determined to provide a single value that characterizes the 

overall variation of each peptide. 

3.2.6 Statistical Analysis 

Statistical analyses were performed using GraphPad Prism version 5.00 for Windows 

(GraphPad Prism Software, San Diego, California USA, www.graphpad.com). All 

data were analyzed by use of non-parametric statistics. Wilcoxon-signed rank tests of 

the difference between medians were used for significant differences between clade­

specific responses. The non-parametric Mann-Whitney (also called the rank sum) test 

for un-matched pairs was used for comparison of entropy scores for different peptide 

categories. Correlations were determined using the non-parametric Spearman's 

correlations. For cross-clade reactivity ratios correlation analysis, immune responses 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

were log transformed and the non-parametric Spearman correlation performed. All 

tests were two-tailed and were considered significant ifthe P value was < 0.05. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

3.3 RESULTS 

Thirty-nine HIV -I-infected individuals were screened for HIV -I-specific T cell responses using 

a panel of 540 peptides spanning the complete HIV -1 Gag protein from five different HIV-I 

sequences, two of which were from the same subtype. The peptides in the pools and matrices that 

gave positive responses in the first screening ELlS pot assays were confirmed using a second 

confirmatory ELISpot assay. 

Table 3.1 Characteristics of study subjects* 

Study Age CD4 count Study Age CD4 count 
Individual (Years) (Cells/fll) Individual (Years) (Cells/fll) 

CCOI 28 360.0 C-KOOI 31 561.4 
CC04 28 474.0 R-MOO2 30 909.5 
CC05 32 610.0 S-TOO3 29 578.0 
CC06 22 956.0 F-MOO4 34 348.9 
CC07 28 355.0 T-MOO5 27 637.8 
CC08 33 752.0 N-MOO6 27 1321.4 
CC09 27 453.0 N-MOO7 35 1010.5 
CClO 24 590.0 B-NOO8 28 1437.5 
CC12 47 536.0 M-TOO9 33 605.9 
CC13 38 414.0 T-NOlO 34 428.5 
CC14 47 510.0 A-MOll 46 637.0 
CC15 27 452.0 R-L012 19 628.2 
CC16 25 590.0 N-M013 28 573.6 
CC17 40 884.0 TSM014 26 295.6 
CC18 27 350.0 M-M015 23 502.0 
CC19 23 569.0 T-M016 29 702.6 
CC20 . 31 388.0 E-R017 35 999.2 
CC2l 46 347.0 H-N018 29 471.5 
CC22 31 420.0 N-S019 34 1167.8 
CC23 31 465.0 N-M020 19 554.3 

* All study subjects were heterosexual Xhosa people. They were all ARV-naive at enrolment. The median age was 
28 years (ranging 22-47 years). The median CD4 count was 492 cells/Ill (range 295-1437.5 cellS/ill). 

Study individuals were recruited from two provinces of South Africa, namely the Gauteng and 

Western Cape provinces. The majority of the individuals were all Xhosa people. 15/40 

individuals had CD4 counts below 500 cells/JlI and only 3/40 individuals had CD4 counts above 

1000 cells/JlI (Table 3.1). However, all the study volunteers were not on antiretroviral (ARV) 

treatment and were asymptomatic. 
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Assay date 

Figure 3.2 Levy-Jennings plot of quality control sample (NICD 063) T cell responses against CEF peptides. The middle dotted line represents the 
mean of the responses and the two lower and upper dotted lines represent the mean ± 2 SD. The assays are represented by the initials of the operator, followed by the date 
and the plate number for the assays performed that day. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

3.3.3 Cell-mediated immune responses to clades A, B, C and D 

3.3.3.1 Magnitude and breadth of HI V-specific T cell responses 

Individuals were examined for their T cell responses to five different HIV Gag 

peptides sets from four different subtypes, namely two subtype Cs, subtypes B, A 

and D using the IFN-'Y ELISpot assay. This was performed to investigate whether 

individuals can mount robust T cell responses to the Gag protein based on the 

different major HIV -1 subtypes. HIV -specific T cells were detectable in 97.4% 

(38/39) of the study individuals (Figure 3.6). The remaining individual (study 

individual A-M 011) did not have HIV-specific T cells recognizing anyone of 

the peptide pools tested using the IFN-'Y ELISpot assay. 100% (38/38) of the 

study subjects who had detectable IFN-'Y producing HIV-specific T cells 

recognized HIV -1 Gag peptides based on South African Du422 and Chinese 

subtype C peptide reagents (Figure 3.6). 

There was a wide range of HIV -specific T cell responses among different 

individuals. The magnitude of HIV -specific T cell responses ranged from 0-

19843 net SFU/I06 PBMC. There were 15 individuals who had cumulative 

responses >5 000 SFU/I06 PBMC, 11 individuals had 1 000-5 000 SFU/106 

PBMC and 12 had <1 000 SFU/l06 PBMC to CS.A Gag peptide pools (Figure 

3.6). A similar trend was observed for the CCH peptide pools, with 15 individuals 

had cumulative responses> 5 000 SFU/l06 PBM€, 14 individuals having 1000-5 

000 SFU/106 PBMC and nine having <1000 SFU/I06 PBMC to CCHGag peptide 

pools. For the remaining subtypes tested, there were fewer high magnitudes of 

responses. Subtype D peptide pools had the highest number of individuals with 

low magnitudes ofT cell responses (16 individuals with <1000 SFU/106 PBMC). 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

The general trend of the magnitude T cell responses for the different subtypes was in 

the order CS.A, CCH, B, A and D. There were cases when CCH were higher than 

responses to Cs.A , for example T-M005, T-MOI6 and T-NOIO (Figure 3.6). In a 

single individual, there was strikingly high total magnitude of responses to non­

subtype C peptide pools when compared to subtype C peptide pools. This individual, 

N-M006, had stronger responses to subtype B-based peptide pools when compared 

to other subtypes (Figure 3.6). Individuals R-M002, CC012 and M-MOI5 had 

slightly higher magnitudes of responses to subtype B peptide pools when compared 

to subtype C peptide pools. There were no subtype A and D responses that were 

higher in magnitude than subtype C. 

There was high degree of recognition of the different subtypes. Thirty (78.9%) 

individuals recognized all five different peptide sets used (Figure 3.6). Three (7.9%) 

individuals recognized four peptide sets, and same applied to two peptide sets. Only 

two (5.3%) individuals recognized three different peptide sets. There were no 

individuals who recognized only one peptide set (Figure 3.6). 

The total magnitude of all pool responses to all the five peptide sets were compared 

for all the individuals using the non-parametric Wilcoxon signed rank test. This was 

performed in order to determine whether different peptide sets can elicit equal HIV­

specific T cell responses in HIV -1 subtype C-infected individuals. The median 

response to HIV subtype CS.A peptide pools for the study subjects was 2 530 (0-19 

817) SFU/l06 PBMC (Figure 3.7). This was slightly higher than the median 

response to the Chinese subtype C peptide pool reagents, at 2 470 (0-19 843) 

SFU/l 06 PBMC. However, HIV -specific T cells recognizing subtypes B, A and D 

peptide pool reagents had lower magnitudes of responses, namely 1 175 (0-17872) 

net SFU/l06 PBMC for subtype B, 868.3 (0-16723) net SFU/106 PBMC for subtype 

A and 560 (0-13 605) net SFU/106 PBMC for subtype D. In most cases, HIV­

specific T cells recognizing peptides based on the CSA and CCH gave the highest 

magnitude of responses. Thus, HIV -specific T cells recognizing peptides based on 

the heterelogous subtype, that is subtypes not responsible for infection, had lower 

magnitude of responses when compared to subtype C-based peptide reagents. 
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l'hupt<" 3: Intra- Bnd cross-dad~ j (,,11 immune rco.pOllSC> 10 (jBg 
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Chapter 3: lntra- and cross-clade T cell immune responses to Gag 

obtained are referred to as cross-clade reactivity ratios. Therefore, the ratio of 

subtype CS.A versus subtype CS.A is one, showing equal recognition of Gag peptides 

based on these HIV -1 variants by HIV -specific T cells. 

The mean ratio of HIV -specific T cell responses for all the 39 study subjects was 

1.08 (95% confidence interval [CI], 0.34-2.8) against subtype CS.A Gag versus 

subtype CCH Gag, showing that CCH had a slightly higher total magnitude of 

responses than CS.A• Ratios to other HIV -1 subtypes were lower than ratios within 

subtype Cs, showing that subtype C-infected individuals recognize peptides based 

on other subtypes with a lower magnitude than they do to clade-matched peptides. 

Ratios of 0.71 (95% CI, 0-2.48) were obtained against subtype B Gag, slightly 

higher than 0.51 previously described (Coplan et al., 2005). Ratios of 0.41 (95% CI, 

0-0.97) against subtype A Gag, is comparable to 0.47 previously described (Coplan 

et al., 2005), and 0.38 (95% CI, 0-1.05) against subtype D Gag were obtained. Thus, 

as expected, intra-clade reactivity ratios were higher than cross-clade reactivity 

ratios. 

Table 3.2 The ratios of cellular immune responses against the HIV -1 Gag protein 
for heterelogous versus homologous subtypes among 39 HIV -infected indiViduals 

Subtype comparison 

CS.A versus CCH 
CS.A versus B 
CS.A versus A 
CS.A versus D 
Previously reported for South Africa* 

A versus C 
B versus C 

*Coplan et ai., 2005 

Immune response ratio 
(Mean (95% CI)) 

1.08 (0.34-2.8) 
0.71 (0-2.48) 
0.41 (0-0.97) 
0.38 (0-1.05) 

0.47 (0.38-0.57) 
0.51 (0.40-0.66) 
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Chapter 3: Intra_ and cross-clade 'I cell immune responses to Gag 

I'lre ~ro,"-reactivity of I HV -specific r cell, to the Cag: protein was i nve,ti gated in a 

more graphic "ay. Figure 3.8 ,fK"," Log, ~-tran,fonll ed ELI Spot III V -,!",ci Ii~ r cdl 

re'pon~,lS again,t tf>e Cag protein. rhe slope of the line of be,t fit i, approx imatd) 

1, making an angl" that is app"'>.imatd) 45° to th~ x-a.xi s. I his lin~ r~pre'''nts 

cross-clalk reactivity ratio of I 

Generally. there was a strong correlation of LoglO-!ranstormed ELlSpol respon s.es 

between the 'u bt) pe ('s,,' and the four other III V_I subtypes us.ed I I igure 3.R). Mo,1 

dala points clu'l~r around thi, line. illustrating this high degree of intra- and cm,,­

clade recognition. The highest correiation "a, ohtain..J I,ll' responses to the samC 

'ubtyp~. lretwe~n subtype Cs " and ,uhlyp" Cell (r - 0.9728, P < 0.0(01). wh~re 

most re~ponsC<. ciu,tcred closely around th~ 45" line (Figure 3.8). Subtype l \ A and 

D hall the lo""s! CroSS reactivity correiation Ir - 0.8595. P < 0.(001). "here it is 

clearl) sem that data point arc morc dispers.cd and funhcr away from thc 45 '; line. 
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The ~mino aciJ oJ ' ~ laJ1o(; e ""I ... ""n an )Jldi~iJ,,~r , inJ""ti ng ~ or~ 1 (jaJl prote in 

sequence and the pcpli d~ s~quence "er~ dctcrmincJ thi ~ " a, ploll~..J ~gau"'t the 

tOlal maj,,,,itud~ "f IFN-l' r~ .. p<..,"e to the parti~ubr p ~rt,dc \arlanl ,et on order 10 

oJdermine the' ,mfl llC l g..",ctic dist3lICc bas 011 tb~ recogniti"n "f (jag peptides be­

H1V·sfICCific 'I cc ll s. The!\: " as nil significam ~",.,-clati<)n 1>c'''CL'tltoc magnitude of 

rc;p0fls.: and gcoclk diSlarce hct"ecn the ' ''f''''ling ~ irJI ;<:\jucn,-c and tlK: LLlSpot 

f>CPlilk I'Cdgi:IU SC\Iu.:tICC (r -Q.tHJ1Z. p - 0 .% 70) (I"gul'l:: ] 9). 
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Chapler 3: Intra- lind cr(»..~-dadc T cdl immune TC5po!lSCS (" Gal!! 

disease progoo,;",n. There \ \ 01$ a RCg>lli, ,, In:nd oblaillCtl ahl"",gh Ihis "as 001 

'l.:ui51icaUy \igml;.'lInl (r -0.074. p = o. 71-') (Figu~ 3, 10). 
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Chapter~' Intr~- a~ d cn."",·clcJd<: T cdl immu"~ r~spooSt!.~ tu Gal!. 

",:;::og'l ilcd ill IWO peptide .se<juc:ncc "'ri.mL~, C" .. aoo ( , to , Thb po:p{ itle is h lghl)­

oofl.ser"~ amOIl!! the ~ubt~ P<' C J'<1'litl~ !>Cqucno:.:: lllri:llllS 1'::~leti ( I uble J, '). C {'II 

pcplidcs had the hi~ he\ol po:rccnuge remgnilif)1l (3~%) l."olTll'arcJ 10 OIller p"'f)lioo 

~anants (F igure 3,) I b), 
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c lade, A. lI , ( (So uth AfrICan C ~nc.I n,in~'<C C) anc.l I) .... "I\II:nOcS at UIC single 
pepti<k le,'d .(_) I he recognition o f pcf1liJes frum M.lhI~'f'I!.' A. 1\. C (Suulh African 
(' an<! Chi""".. C) _ ... J I) III .'oI u<.ly intli.it.lual (;(;22. (h) Tho: I'crcl."Il\llRC of HI V-
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Peptide scqueocc\ I'.ere compnmJ 10 the il1feL1illg ,ir1!~ '>e<j\leflCC (T~bl~ 3.3). The 

reactive peptides in 'llld i v i<Ju~ 1 ((12 could be di,kkd inl" dill"n: n1 c~lCg\Jne" 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

There were some reactive peptides which had the same sequence as the infecting 

viral sequence, for example peptides 19,48, 67 and 71. Peptides 3, 7 and 19 show 

the position of either HLA anchor residues or T cell receptor contact sites. These 

peptides had peptide variants that had single amino acid changes that lead to loss of 

recognition by HIV -specific T cells. Another category of peptides was those 

peptides which had amino acid sequences different from the infecting viral sequence 

but still had positive responses, for example peptides 115 and 118 (Table 3.3). This 

category constituted the majority of the peptides. These peptides might have their 

amino acid substitutions outside T cell receptor contact sites or HLA anchor 

residues, or the changes present may be tolerated by the HLA molecule ofTCR. 
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Chapler J: Intra- .Jnd cfUss-c l.Jdc T cdl immune rc~ponscs 1<> (jag 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

For study subject CC07, a total of 15 peptides were recognized (Figure 3.12a). 

Peptide 72 was the most immunodominant and cross-reactive peptide for individual 

CC07, and together with other cross-reactive peptides, 37, 56 and 73, had high 

degrees of sequence similarity among their corresponding variants as well as to the 

infecting viral sequence (Figure 3.12a and Table 3.4). Subtype C peptides had the 

highest percentage recognition compared to heterelogous peptides (Figure 3.12b), 

with CCH again having higher recognition than CS.A• 

Peptide variants with similar sequence to the infecting viral sequence can be identified 

from Table 3.4. These are peptides 41, 56, 72, 73, 81 and 96. An interesting 

observation was the recognition of a peptide variant with a sequence different from 

the infecting viral sequence, while the corresponding peptide sequence with the same 

sequence as the infecting viral sequence was not recognized, as is the case for 

peptides 11 and 83. The subtype B variant of peptide 11 had positive response but its 

sequence differs from the infecting viral sequence while the two subtype C peptides 

had the same sequence as the infecting viral sequence, but were not recognized. For 

peptide 83, the CS.A had the same sequence as the infecting viral sequence but was not 

recognized, while the CCH peptide was reactive, but had a single amino acid change 

from the infecting viral sequence. This suggests escape from T cell immune 

responses. It is possible that the reactive peptide sequence is similar to the sequence 

which HIV -specific T cells initially encountered, which mutated to the current 

infecting viral sequence due to immune pressure. No HIV -specific T cells are present 

to the current epitope as it may no longer be able to bind the MHC molecule or TCR 

contact sites, however, a weak memory T cell responses still exists specific for the 

previous epitope sequence. 
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Chapter 3: Intra- and cros~-clade T cell immune responses to (jag 

3.3A.2 Bread th of H I V -~pecilic T cell reo;ponse'> 

I he use of different pcptiocs sets to test for 'I cell immune responses was investigated to 

detennine whether extra responses cOlild be detected wtJ"n additional peptide variant sets 

are u,~d in an EIISpol ... "ay. the U'"' ofa numher "fpeptide sels il1~reased Ihe nurnher 

ofr~spnl1ses dek~kd. a, shown in Table 1.5 l'or l\HJ il1dividuals. The addition ora yariant 

subl}]>" C pepti& ""t is main I}' re,po.lll.,ible I'or this eIrecL Nn additional T cell response, 

were detected in these two ,tudy indi,iuudl, b}' the addition of sUblype D Gag peptides. 

Table 3.5 Peptide ,elS and number of response, detected 

Study Cu CS.A+C'1l CS.A+Cm+B CS,A+CCU+B+"- Cs,A+Cm+tl+,,-+f) 
Inui"iuual 

Ce22 14 19 19 20 1 " 
CCO, to 12 U [] 13 

3.3A.3 Distribution of T cell n'Sponses among IIIV-] Gag regions 

For each peptide set. a peptide with a different sequence from olhers ill the sume sel waS 

c"n~i&red a different pepli&. Aller mnsider-dli(Ml or commol1 ]>"ptides among th~ liye 

peptide varial1ls. tr..,r~ were 30 reactive peptide, recngl1iI.ed in the t\\O individual>. The 

distribution or the rcsponse, among the different Gag region, is shown in rable 3.6. 

Twenty percent (6130) of the peptides rcrognized were from the p 17 region, I he more 

conserved region of Gag, p24 contributed the majority of the peptides recognized (60"10. 

18130 peptides). Tbe last part of Gag protein (pIS). whieh is the mosl variable. 

contributed the same number of peptides as p 17 in these tv.'o individuals (20%, 6/30 

peplides), 

Table 3.6 I cell recognitiOil "f difTerent III V -I Gag protein reginns 

Protein No orpeptiocs O\emll ~'. recognition 

p17 6 20 
p24 '" 6<J 
p15 6 20 

Some peplKks had high magnitude of responses and a peptide \\htch had> I O()() SFlJII ()" 

was empirieall}' ciassiticd as an immunodominant peptide, lour immunodominanl 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

peptides were identified in the two study subjects, and the distribution of these within the 

Gag protein is shown in Figure 2.12. Two of the four peptides were from the p24 region. 

I 

RTLNA WVKVIEEKAF 

pI7 I p24 

Gag region 

KEPFRDYVDRFFKTL 

RDYVDRFFKTLRAEG 

HIARNCRAPRKKGCW 

I pIS I 

Figure 3.12 The distribution of immunodominant epitopes over the HIV -1 Gag 
protein. Confirmatory ELISpot analysis was performed on two subjects to determine the reactive 
individual peptides. Shown is the distribution of immunodominant peptides found in two individuals 
as well as their sequences. Immunodominant peptides were defined as those peptides giving a net 
IFN-y ELISpot response of> 1000 SFU/I06 PBMC. The heights of the arrows are proportional to the 
magnitude of net IFN-y response to the peptide. 

The peptides which were classified as the immunodominant peptides in the two 

individuals were further analyzed for previously defined epitopes using the Epitope 

Location Finder tool of the Los Alamos Immunology Database (http://www.hiv.lanl.gov/ 

contentlhiv-db/ELF/epitope analyzer.html). These peptides had high epitope density and 

most of the epitopes were defined in individuals with known HLAs (Table 3.7). Peptides 

72 and 73 had the highest number of epitopes previously defined. The epitopic sequences 

common to peptides 72 and 73 were listed under peptide 72 and left out under peptide 73. 

Most of the epitopes were restricted by HLA-B alleles. 
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Ch:lplcr 3: Irma- and cro.",-cjadt: r cdl imm~"" re'f,nn..es In Gd~ 

3JA.-I Variabi li.y of cross-ructi.e IIIV- I Ga~ 1K'l.lfda 

10 more clo>cly ci'arxlcria Ih" ~ ' I'lll "'giOf\~ IhM .... ~." p"'r.. .. ...nli~lI~ crO'\-f«"sni.red b~ 

HI V-I ·speciflC 1 cd1-.. "C da",ficd al1ln., 32 o\erb"ping !"'pt,,,,, -.cl, r'um Ih" , .... ~. c"nfirm<'<l 

whje~'s ~cwrding 10 n.~ogllilion o r Oll~. 1"0, throe. four or fiv~ p"ptidc varianlS. Illc mooian 

,hallllOll "nlropy "i-COI"CS of the pcplides in thcs.c two diflcfent groups "en: d~lerm incd (I igure 

3. 14 aj. Entl1'PY "alues rungeJ from 0-1 j 14 for alllhe pepllde SClS. I'eptidcs r"co\!.nized in one 

1>C<juence varianl (~ peptid~s) ",en: nl0re Ihan Ifmse recognized in ~ach of the ~. 3, 4 and 5 

St'"u.,ne" varian l~ O. () -I and 7, re.,po:~\h'cl)). 

The median Sh:mnon cnlrupy <.CO", o f "",plid..-;, .w:ogniztld in on., ~o.J ''''~, P'"Plidc ,arianh "as 

0.')..1 (range O.W· I.26) and 004-1 (.ange O.O~- I. SI), "'"",",,-'i,·ely. A~ ,""o"n in FigulC 1.14a. 

these I'C'P,idc 'ariallls h3d sisn1t1cantly hi~hcr ct\trop~ S<.:orcs "hen coml'ar.:d 10 (>Cptide 

variant" recognize<! in th ree, four ~lx! five sequcllce varianlS. "hose mooian ~hallJ>()n eml"Op) 

,em'", ""',,1"1: O. 1 9 (r~n\!.~ 0-0015). O.OR (range O. O~-O. 11 ) and 0.06 (rang~ 0.05-0.09). J"o:'pecli ve I) 

(I''';: 0.05, 'vIann-Whilney te'I). There WaS no signi fi cant difference ho:l"ecn In., enlrol') ,core 

01" peptide, remgnizW in on" ~"'Iucnc.: nriunl and Iho"! recol!\ni"",d In 1"0 st:'llk'nce \arianl, 

II' - 0.3<)69). Th~ ,arne wa~ In", li'f perli .... ' .""ognized in fnur "",uenee V"~rianl' and n,e 

SCf]UCJlCC ,anan!.> (p = 0.6551). 

Til<: flC:I"CCnl"SC' hQ....,I<~· for a!1 ,he Ii\c pcplido: ~ariams fanged from 5t16".o 1(1100" •. T he 

degru (If inl<;'f"-cla::ie homolc>gy. dcfillo.-d !lS Ihe tkgrcc of loCiIl.ICrKe ."'Il i lanl~ hctween llie 

ditlerenl cladc~ A B, C, A. C~"", and D """uence variant'. was hi!lhel,\ in the sub""t of pc{lIidc~ 

.t'Cngniz..:.1 in all fiv e ""'Iu~nc" ~arillnlS (Figure 3.14 h). P"ptidcs r.:cogn i:.tcd in Ihre". four and 

Ihe sequence I'ari :.m, had "ll:nifi~Jn\ly high~r p"rc~nla!,:~ humo"'!!Y "hen compared 10 

pcptidcs recognized in one and two "",uene.. ,arbnl~ (p<:0.05). There wJ, nu ~ignil1canl 

difference oct"ccn pcrcent:lgc homolof:) of pept;"", re~,,@;mred in (>I\~ and 1"0 St'qucncc 

I'ananfs (p = 0.7267» (I' il!lIn: 3. r 5b). 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

3.4 DISCUSSION 

Immunogens designed to elicit T cell responses are the current focus in the development of HI V 

vaccines. Because of the significant sequence variation that exists between and within HIV-l 

subtypes (7-15% [Korber et al., 2001]), there is no agreement yet as to the importance of HI V 

subtypes and their impact on the immune response and subsequent efficacy of vaccines. 

The question of whether a vaccine based on one subtype can be effective in a population where 

a different subtype is circulating remains unanswered. Ultimately, the best way to have an 

answer to this question is carry out vaccine trials, but this is a very long process. Another way 

to approach this question is to carry out cross-clade studies in the laboratory. In this study, 

cross-clade immune responses were investigated in thirty-nine HIV -1 subtype C-infected 

volunteers. An IFN-y ELISpot assay was used using peptides based on vaccine candidates for 

subtype C (South African and Chinese), subtype B and subtypes A and D. A pool-matrix 

ELlS pot approach was used in order to identify the individual reactive peptides. The peptides in 

pools and matrices that gave a positive HIV -specific response were tested individually in a 

confirmatory ELlS pot assay for two highly reactive individuals. 

Initially, validation of the assay was performed. There was a significant correlation between the 

magnitude of responses obtained in pools and those obtained in matrices. The inclusion of a QC 

sample helped in determining which assays passed, as well as in monitoring inter- and intra­

assay variability. 

The total magnitude of IFN-y responses were not significantly different between peptides based 

on subtype C (South Africa and Chinese) peptides. These intra-clade responses were 

significantly higher than responses to other subtypes, namely subtypes B, A and D. These data 

suggest that even though subtype C-infected individuals mount robust IFN-y responses against 

different HIV subtypes, there is preferential recognition of peptides based on the infecting 

subtype. Previous studies have also found the same results (McKinnon et al., 2005; Yu et al., 

2005). Overall, there were substantial cross- and intra-clade HIV -specific T cell responses 

detected in this study. This is further supported by the high cross-clade reactivity ratios as well 

as highly significant Spearman correlation coefficients obtained for the Gag responses from the 

different subtypes. 
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Chapter 3: Intra- and cross-clade T cell immune responses to Gag 

Whether genetic distance between the infecting virus sequence and vaccine immunogen 

sequences has an impact on vaccine-induced immune response is important in vaccine design. 

In this study no correlation was obtained between the magnitude of HIV-specific IFN-y 

responses and overall amino acid distances between the infecting Gag sequence and Gag 

peptide reagent sequences. This might be due to the fact that genetic distances encompassed 

other regions not important in eliciting immune responses, and that those regions are outside the 

epitopic region of the peptides. 

An investigation of the distribution of the HIV -specific T cell immune responses across the Gag 

showed the p24 region contributes most of the responses. This is likely to be due to the fact that 

p24 is generally more conserved when compared to the p17 and pIS regions. This identification 

of the most immunogenic region of Gag is important in HIV vaccine immunogen selection 

since an ideal candidate vaccine will have to contain those regions of the HIV genome that can 

elicit strong T cell responses. However, there were some peptides from the p 17 and pIS regions 

of Gag which gave rise to cross-clade responses of high magnitudes. These peptides may not be 

ignored in vaccine immunogen design since they make an important contribution to the total 

Gag-specific T cell response. This identification of Gag p24 as the most immunodominant 

region of HI V proteome has also been found by other researchers (Yu et al., 2005). 

A detailed evaluation of cross- and intra-clade cellular immune responses to HIV -1 Gag was 

performed for two of the volunteers. In these individuals, the five peptide variant sequences 

w~re compared to the infecting virus sequence. Some peptides were not recognized at all. Some 

peptide variants were not recognized may be due to variation within the epitopic regions that 

resulted in loss of recognition by the restricting HLA or loss of recognition by T cell receptors. 

In other cases, an individual recognized some variants ofthe peptides sets tested and not others. 

This might be due to the fact that some mutations can not be tolerated by HLA molecules if 

they are non-conservative and involve HLA anchor residues. In addition, the amino acid 

changes might be involving HIV -specific TCR contact sites, leading to lack of recognition. 

However, there were cases where there was recognition even though corresponding peptides 

differed in their amino acid sequences. This suggest that TCR of mv -specific T cells can 

tolerate some degree of amino acid substitution, though analysis of these amino acid 

substitution showed that most of them were semi- or conservative substitutions (amino acids 
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being replaced by other amino acids of more or less the same charge, hydrophobicity and size). 

Another reason could be that the nature of amino acid substitutions could be tolerated by HLA 

anchor residues. 

There were cases where the peptide sequences less closely related to the infecting sequence 

gave rise to a positive response while as the one closest or similar to the infecting sequence was 

not recognized. This might suggest escape from the cellular immune response. Possibly the 

recognized sequence was present before the day of sequencing which mutated due to immune 

pressure, and the peptide sequences were similar to this sequence before mutation hence 

recognition by HIV -specific T cells. Therefore, HIV -specific T cells could still recognize this 

sequence which they encountered first. Overall, these data suggest that variation outside the 

HLA anchor residues and TCR contact sites might have less impact on vaccine induced T cell 

reactivity. Furthermore, HLA anchor residues and TCR contact sites can tolerate some degree 

of amino acid substitution. 

Results of the analysis of the breadth of responses from the individuals showed there was 

preferential recognition of peptides based on subtype C, as the individuals were infected with 

this subtype. The two individuals had broad HIV -specific T cell responses averaging 17 

peptides. Most of these peptides came from Gag p24 region. The recognition of more p24 

peptides than p 17 or pIS might suggest that mutations within this region that result in 

abrogation of T cell responses might be those that the virus cannot tolerate due to fitness cost 

on replicative capacity. This results in less variation in this region of the virus. This is inline 

with results from a previous study which showed fitness cost in mutation in Gag p24 epitope 

TSTLQEQIW (Martinez-Picado et al., 2006), which is found in peptide 58 recognized by 

individual CC22 with W replaced by A. The results on the breadth of the responses suggest that 

using different peptides sets in testing for HIV -specific T cell responses increases the breadth of 

detectable T cell responses as found in a previous study (Currier et al., 2006). However, the 

breadth ofthe responses did not significantly differ among the different subtypes. 

The most immunodominant peptide in the two individuals was peptide 72 (sequence 

KEPFRDYVDRFFKTL). This peptide has a high epitope density and has been identified 

previously as a highly immunodominant peptide to include in vaccines as the epitopes are 
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restricted by different HLA molecules, thereby covering people with different HLA 

backgrounds (Frahm et al., 2007; Kiepiela et al., 2007; Masemola et al., 2004). 

Further characterization of the individual reactive peptides in two individuals allowed the 

classification of the T cell responses detected in this study into five categories, namely those 

recognizing one, two, three, four, and five peptide sets. The significant difference between 

those T cell responses recognizing at least three peptide variants and those recognizing one or 

two (the former being higher than the latter) suggest that cross-clade HIV -specific T cell 

responses are focused towards peptides with low intra-clade entropy and simultaneously high 

inter-clade homology. The data suggest that among the five Gag peptide variants used in the 

study, corresponding viral regions share a similar degree of viral diversity. This is probably due 

to structural constraints that prevent sequence mutations in specific parts the gag gene. 

In summary, cross-reactive HIV-specific T cells preferentially recognize peptides with low 

entropy and simultaneously high inter-clade homology. HIV-l SUbtype C-infected individuals 

can mount substantial cross- and intra-clade immune responses. However, there was no 

difference in immune reactivity between South African or Chinese subtype C Gag peptides, 

suggesting that vaccines based on these immunogens would work equally well. On the other 

hand, the magnitude of responses to other subtypes was lower, suggesting that vaccines based 

on these subtypes may be less effective than subtype matched vaccines. 
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CHAPTER 4 

4.1. DISCUSSION AND CONCLUSION 

An effective HIV vaccine will need to protect against multiple HIV subtypes or recombinant 

forms. In the present study, full length gag sequences from forty HIV -infected volunteers were 

genetically characterized. Cellular immune responses in these individuals were assessed to 

determine their ability to recognise peptides from genetically diverse viral isolates representing 

multiple subtypes. The peptide reagents used in this study were based on five sequence variants 

representing four subtypes including South African subtype C (CS.A, strain Du422), Chinese 

subtype C strain (CCH), subtype B CAM-l strain, and subtypes A and D. The subtype CS.A and 

A sequences used in this study are based on immunogens expressed by candidate HIV vaccines 

which are in the process of going to clinical trial or have been tested in humans (Burgers et al., 

2006; Hanke et al., 2004). 

The individuals in this study were all infected with subtype C viruses. This is in line with 

previous studies, that have shown that the major circulating viruses in South Africa are subtype 

C viruses (van Harmelen et al., 1999). No recombination breakpoints were detected. This lack 

of recombination in these subtype C viruses should improve the prospects of vaccines based on 

subtype C gag sequences in that it is unlikely that they will fail due to the emergence of escape 

recombinants expressing vaccine targeted epitopes derived from non-subtype C viruses (Bredell 

et al., 2007). As shown with previous studies, there is clear evidence of geographical clustering 

of subtype C isolates from various parts of the world (Bredell et al., 2007), with Brazilian, 

Indian and Chinese sequences forming well-supported monophyletic groups in the gag subtype 

C phylogenetic tree. This indicated that these subtype C epidemic in different regions of the 

world are genetically distinct. Studies on subtype C sequences from China have shown that 

these viruses are BC recombinant viruses; however, their gag gene is derived from subtype C. 

Studies have shown that individuals can mount cross-reactive T cell responses (Cao et al., 

2000; Ferrari et al., 1997; Buseyne et al., 1998). However, many of these earlier cross-clade 

studies have focused on a limited number of selected epitopes. Moreover, the studies relied on 

the use of pools of overlapping peptides or cells infected with vaccinia virus constructs 

expressing the entire HIV proteins and therefore could not assess the degree of cross-clade 

recognition at the peptide or epitope level (Cao et al., 2000; Ferrari et al., 1997; Buseyne et al., 
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1998, Currier et al., 2003). More recent studies have looked at cross-clade immune responses at 

the peptide level (Yu et al., 2005). However, sequence data was not generated in most of these 

recent studies to allow additional characterization of these cross-clade HIV -specific T cell 

responses. 

We have investigated T cell reactivity of 39 individuals whereby the sequence of the infecting 

virus is known. In addition, we have assessed responses against Gag peptides from five 

sequence variants, South African C, Chinese C, subtypes B, A and D at the single peptide level. 

Although South Africa and China have genetically distinct subtype C epidemics, in this study, 

the magnitude of HI V-specific T cell responses to Chinese and South African subtype C peptide 

variants did not significantly differ. However, the magnitude of the responses to these two 

subtypes C peptide variants was significantly higher than that of Gag peptide reagents based on 

subtypes B, A and D sequences. This is further corroboration of results from previous studies 

which have shown that HIV -specific T cells are cross-reactive among different HIV subtypes 

but with preference to the circulating subtype (McKinnon et al., 2005; Geldmacher et al., 

2007). The magnitude of response to the five peptide variants were in the order CCH> 

Cs.A>B>A>D. These data suggest that vaccines based on these HIV-l subtype C sequences 

(subtype-matched vaccines) may work equally well in HIV-l subtype C-infected individuals 

from different regions in the world. In addition, although vaccines based on other HIV subtypes 

may still induce cross-reactive responses, this reactivity may be less in subtype-mismatched 

vaccines. 

F"urther dissection of the CD8+ T-cell immune responses to the three individual Gag proteins 

showed the major contribution of Gag protein 24 (P24). This is likely to be due to the conserved 

nature of this region of the Gag protein. Interestingly, p 17 and p 15 had an important 

contribution to the responses and had regions that mounted cross-clade immune responses 

despite them being variable. It will be interesting to see whether these cross-clade responses 

relate to vaccine induced cross-clade immunity. 

The results from this study demonstrate that within a single study individual, some HIV 

peptides can be exclusively recognized in the clade C sequence variants (South African C and 

Chinese C) while others were uniquely recognized in the clade A, Band D peptide variants. 

This likely reflects the overall sequence diversity within subtype C. However, the recognition 
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of clade A, B and D peptide variants and not the corresponding clade C peptide variants is of 

importance in the study of HIV -I-specific T cell immune responses using the ELI Spot assay. 

This reflects that the use of different peptide variants increases the number of responses that can 

be detected compared to if only one peptide variant had been used. 

An important analysis for vaccine design is the relationship between the genetic distance of the 

infecting sequence and the peptide reagent sequences that were used in the ELI Spot assay and 

the magnitude of IFN-y response. Although there was a weak negative association between the 

magnitude of response and amino acid distances, there was no significant correlation between 

the two. However, HIV -specific T cells recognise epitopes, only very short protein regions. 

Amino acid distances used were for the full length Gag peptide sequences and included 

sequences outside of the epitopes. Variation in these less important regions might have affected 

the results. Therefore it was necessary to analyse individual peptide variants. 

Further characterization of peptides used in the study identified viral regions with low intra­

clade diversity and simultaneously high inter-clade homology that were preferentially 

recognized by T -cells among all the five peptide variant sequences. This analysis allowed the 

classification of all the individual reactive peptides in two individuals into five categories that is 

those that were recognized in one, two, three, four and five peptide variants. Indeed, those 

peptides that were recognized in three or more peptide variants had significantly lower entropy 

scores and simultaneously high percentage homology when compared to peptides recognized in 

one or two peptide variants. Overall, these data suggest that within the clade A, B, C and D 

sequences, some corresponding viral regions share a similar degree of viral diversity, possibly 

due to structural constraints that prevent sequence mutations in specific parts of the viral 

genome. Some of these cross-recognized peptides were identical across the five peptide variants 

and their cross-recognition was therefore evident. Yet, cross-clade recognition of peptides with 

considerable differences in their amino acid composition was also observed, where most of the 

amino acid changes were conserved or semi-conserved. In other words, an amino acid was 

replaced with one that falls in the same charge or hydrophobic category. This suggests that T 

cell receptors of HIV -specific T -cells as well as HLA molecules can tolerate some degree of 

amino acid substitution in their epitopes without total loss of epitope recognition or binding as 

previously found in other studies (McKinney et al., 2004; Addo et al., 2003). 
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The study presented in this thesis was limited in that only two individuals were investigated for 

the single reactive peptides responsible for the Gag responses. This was due to time constraints. 

Further work on the study will complete the identification of peptides predicted from the 

screening ELI Spot assay in the remaining 37 study individuals. This will allow for more depth 

analysis of breadth of responses to the different subtypes, as well as comparisons with the 

infecting viral subtype. 

This study only investigated the monofunctional aspect of the cellular immune response, 

namely the production of IFN-y. It will be interesting to determine the production of other 

cytokines such as TNF -u and functions such as cytotoxicity to see whether they have higher 

cross-reactivity than IFN-y production association with better clinical outcome. This is because 

the immune correlates of viral control are not yet clear, but recent studies suggest the 

importance of polyfunctional CD8+ T cells (Betts et al., 2006) and therefore, will be important 

to know whether polyfunctional HIV -specific CD8+ T cell are associated with higher cross­

reactivity. 

In conclusion, this study showed that subtype C infected individuals recognized peptides based 

on Chinese and South African sequences equally suggesting that it will not be necessary to 

design vaccines based on regional variation. In addition, while extensive cross-clade 

recognition was detected, the total magnitude of cross-reactive T cell responses was lower than 

that of intra-clade T cell responses suggesting that there are some advantages of matching a 

vaccine to circulating subtypes. However, the inclusion of new generation of vaccines that 

include immunogens such as T cell mosaic antigens that reduce the effect of diversity would 

potentially be beneficial to enhancing effective vaccine-induced cross-clade responses (Fischer 

et al., 2007). 
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APPENDICES 

Appendix A: Molecular Biology Techniques 

A1: RNA Extraction 

• Samples were equilibrated at room temperature (IS-20°C). 

• Buffer A VE was also equilibrated at room temperature for elution in step 10. 

• The precipitate in buffer A VL/Carrier RNA by heating, if necessary, and cool to 

room temperature before use. 

• All centrifugation steps were carried out at room temperature. 

1. 560~1 of prepared buffer A VL containing Carrier RNA was pipetted into 

a 1.5-ml micro centrifuge tube. 

2. 140~1 of plasma was added, mixed by pulse vortexing for 15 seconds. 

3. The mixture incubated at room temperature (IS-25°C) for 10 minutes. 

4. This was brief centrifuged to remove drops from the inside of the lid. 

5. 560~1 of 96-100 % ethanol was added to the tubes, pulse-vortexed for 15 

seconds and brief centrifuged. 

6. 630~1 of the resulting solution was applied to QIAamp spin column in a 

2ml collection tube without wetting the rim and centrifuged at 6000 x g; 

8000 rpm for 1 minute. The spin column was placed into a clean 2ml 

collection tube and tube containing the filtrate was discarded. 

7. The QIAamp spin column was carefully opened and step 6 repeated. 

8. 500~1 of buffer A WI was added and centrifugation performed at 6000 x 

g; 8000 rpm for 1 minute. The column was placed into another clean 2ml 

collection tube and the filtrate was discarded. 

9. 500~1 of buffer A W2 was added and centrifuged at full speed 20 OOOx g; 

14 000 rpm for 3 minutes. 

9a Spin column was placed into a clean 2ml collection tube and centrifuged 

at full speed for 1 minute. 

10. The QIAamp spin column was placed into a clean 1.5ml micro centrifuge 

tube and 60~1 of elution buffer A VE was added, incubated for 1 minute 

at room temperature and then centrifuged at 6000 x g; 8000 rpm for 1 

minute. 
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A2: peR purification of amplicons 

A protocol designed to purify single- or double-stranded DNA fragments from PCR and 

other enzymatic reactions. Fragments ranging from 100bp-lOkb are purified from 

primers, nucleotides, polymerases, and salts using QIAquick spin columns in a micro 

centrifuge. 

• Ethanol (96-100%) was added to buffer PE before use. 

• All centrifuge steps were carried at 13 000 rpm (~17 900 x g) in a conventional 

tabletop micro centrifuge. 

1 5 volumes (200111) of buffer PB was added to 1 volume (40111) of the PCR 

sample mix. 

2 A QIAquick spin column was placed in a provided 2 ml collection tube 

3 The sample was applied to the QIAquick column to bind DNA and spun for 60 

seconds. 

4 The flow through was discarded and the QIAquick column placed into the same 

tube. 

5 0.75 ml of buffer PE was added to the QIAquick column and centrifuged for 60 

seconds to wash. 

6 The flow through was discarded and the column placed back into the same tube. 

This was centrifuged for an additional 1 minute. 

7 The QIAquick column was placed into a clean 1.5 ml micro centrifuge tube. 

8 50111 of buffer EB (10mM Tris-Cl, pH 8.5) was added to the centre of the 

QIAquick membrane and centrifuged for I minute to elute DNA. 

The eluted DNA was stored at -20°C. 
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Table At Amino acid codes 

Amino acid 3-letter code IUD code Amino acid 3-letter code IUD code 

Alanine Ala A Leucine Leu L 

Arginine Arg R Lysine Lys K 

Asparagine Asn N Methionine Met M 

Aspartic acid Asp D Phenyalanine Phe F 

Cystine Cys C Proline Pro P 

Glutamine Gln Q Serine Ser S 

Glutamic acid Glu E Threonine Thr T 

Glycine Gly G Tryptophan Trp W 

Histidine His H Tyrosine Tyr Y 

Isoleucine He I Valine Val V 

". 
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Table A2 Codons 

3-letter code Unambiguous codons IUBcodons 

Ala GCT, GCC, GCA, GCG GCX 

Asp, Asn GAT, GAC, AAT, AAC RAY 

Cys TGT, TGC TGY 

Asp GAT,GAC GAY 

Glu GAA,GAG GAR 

Phe TTT,TTC TTY 

Gly GGT, GGC, GGA, GGG GGX 

His CAT,CAC CAY 

Ile ATT, ATC, ATA ATH 

Lys AAA,AAG AAR 

Leu 
TTG, TTA, TTR 

CTT,CTC,CTA,CTG CTX 

Met ATG ATG 

Asn AAT,AAC AAY 

Pro CCT, CCC, CCA, CCG CCX 

GIn CAA,CAG CAR 

CGT, CGC, CGA, CGG, CGX 
Arg 

AGA,AGG AGR 

Ser 
TCT, TCC, TCA, TCG, TCX 

AGT,AGC AGY 

Thr ACT, ACC, ACA, ACG ACX 

Val GTT,GTC,GTA,GTG GTX 

Trp TGG TGG 

XXX XXX 

Tyr TAT, TAC TAY 

Glu, Gin GAA, GAG, CAA, CAG SAR 

TAA, TAG TAR 
End 

TGA TRA 
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Appendix B: Molecular Biology Reagents and recipes 

BI: lOX TBE Buffer 

108g Tris-HCI 

SSg Boric acid 

20mll.SM EDTA 

made up to 1 litre with dH20 

B2: 6X Agarose Gel Eletrophoresis Loading Dye 

0.2S% bromophenol blue 

O.2S% xylene cyanol FF 

30% glycerol 

In deionized water 

B3: Sequencing buffer 

200mM Tris, pH 9.0 

SmMMgCh 

B4: Recombination analysis 

Each of the study participants' full length gag sequence was analyzed for recombination 

using REGA version 6.4.1, a software program which compares each nucleotide position 

to other HIV -1 pure subtype and CRF reference sequences to determine whether there is 

sufficient phylogenetic signal to classify the sequence as a pure subtype of CRF, 

recombinant viruses or unclassified viral subtypes (de Oliveira et a!., 200S). 

lOS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

~~~------------------------------~. 

< 

~ • 
~ • " 
j 

Appendices ,. 
• 
~ 

• • 
,. 
• • • • ,. 
• ,0 

• • 
•• • • • • ... 
• • • 
" 
," • • 
'" '" ,. 
w 
• • • ,. 
• • • • ,. 
• ", • w 

•• • • • • 
· .. • • • < 
" .. .. 
• . , • • • • • 

""'011 

r 

GG01 

cc "" CC '0 f_" 010 

~ .. 

celO CC 2' CC22 eC13 

C -K 0Il1 ...... .,,8 

..... m' 

R-\. O '~ ... .. 002 

" SG'~ .. · .. 020 

Figu", Bl ReCum" 'lWhml "'1:11)<;. "r L""Ial" ""'I lIt.'flCe>l ..sin!:' REG"_ The ,,--.I dulled hn" • 
rq>reIeM N". cut..,ff ,roIut "r 100 '""I .... "". J 1", diffen;,,, ; IUI ... >«Iut",~j •• c u,d.~cd "" eaoh @~ 



Univ
ers

ity
 of

 C
ap

e T
ow

n
• 

AppenOIces 

Appendix C: Immunology Techniques 

Peptide sets 

The peptide sets used in the cross-clade study belong to Gag subtype A, Gag subtype D, 

Gag subtype B, Gag C Du422 (South African subtype C) and Gag subtype C China. A 

pool and matrix approach was used in which five pools were made up for each of the 

five peptide variants (Table Cl) and twenty-four matrices were designed to include all 

the single Gag peptides, which make up the five different peptide variants (Table C2). 

The consensus Gag B peptides were available as Img lyophilized peptides while as the 

other four peptide variants were supplied at 500flg/peptide. Single peptides from the five 

clades were reconstituted to 10 fll aliquots of 10mg/ml stocks and then further 

reconstituted to 30flg/ml and stored at -80°C. The peptides were used at a final 

concentration of 1.5flg/ml in the ELISpot assay. 

Peptides were confirmed by the IFN-y ELISpot assay using single peptides to identify 

specific epitope stretches . 

CEF peptide pool and PHA were used as positive controls on all tested PBMCs. The 

CEF peptide pool constituted a panel of 32 8-1 I-mer CMV, EBV and Flu virus peptide 

epitopes recognized by CD8+ T cells. The pool was reconstituted at 20flg/ml in 90% 

PBSIl 0% DMSO and stored at -80°C. 

T~ble Cl Gag pools 

Pool 1 Pool 2 Pool 3 Pool 4 PoolS 

lGag C1 Du422 1-24 25-48 149-72 73-96 97-120 

Gag C2 China 1-24 25-48 149-72 73-96 97-119 

GagB 1-24 25-48 149-72 73-96 97-123 

Gag AID 1-18 19-36 37-54 55-72 73-90 
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Specimens 

A total of 40 asymptomatic HIV -1 subtype C infected individuals were enrolled in 

the study: 20 samples were stored at NICD sample repository and the other 20 at the 

IIDMM 

Assay protocol 

The ELISpot assays were conducted for screening of peptide responses using a panel 

of peptide described in Cl and C2. PBMC from NICD blood donor (QC sample­

NICD 063) was used as a positive control sample for each plate. The QC sample had 

been tested against PHA and CEF and was a known responder and therefore used as a 

positive control. 

Participants' PBMCs were thawed as described in Chapter 3 and tested in duplicate 

against each Gag peptide pool, once against each Gag matrix and twice against CEF 

and PHA (plate layout in Table C3). Eight negative control wells, four positive 

control wells and four peptide control wells were used. 

The negative control wells consisted of six unstimulated PBMC and two unstimulated 

wells for the QC sample per plate. Each plate also had six wells containing RIO 

(media only). 

Positive control wells consisted of two PHA stimulated PBMC and two PHA 

stimulated wells for the QC sample per plate. The control wells consisted of two CEF 

stimulated PBMC and two CEF stimulated QC sample on each plate. 

Peptide confirmations were performed for those peptides that gave a positive 

response after the screening ELISpot assays. 
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Test acceptance criteria 

A test was regarded as positive when the response was > 1 00 sfu/l06 PBMCs and at 

least 3 times the mean background response. The positive response in the pool was 

supposed to match a response in a matrix pool that shares one of the peptides in the 

pool. 

Fail criteria for the ELISpot assay included anyone or more of the following: 

Greater than 100 spots in the negative control wells 

Grater than 5 spots per well for the wells containing media only 

Less than 400 spots per well for the PHA wells. 

Record keeping 

An ELISpot worksheet (Table C3) was completed with each assay performed. The 

plates were read by the CTL Immunospot Analyzer and data saved on CD plates. All 

completed worksheets and ELI Spot raw data and calculated data were archived at the 

UCT human Immunology Laboratory and copies sent to NICD Immunology 

Laboratory. 
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