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Complexity of the immune 
system

• The immune system is a 
complex multicellular system 
(T cells, B cells and APCs) that 
relies on the delicate balance 
between a set of positive and 
negative regulators of cell 
function for optimal function

• These cells encounter Ags at 
mucosal interfaces and in 
lymph nodes 

• Ensuring the proper 
recruitment of these cells at 
mucosal interfaces has been a 
challenge
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Challenges facing the scientific 
community for HIV vaccine development

• Lack  of knowledge of effector cells and 
molecules involved in vaccine induced 
protection 

• Lack of knowledge of mechanisms enabling the 
establishment and persistence  of long term 
memory T and B cells 

• Lack of knowledge of effector cell and molecules 
of mucosal immunity 

• Lack of understanding of mechanisms leading to 
the generation of neutralizing antibodies 



Challenges facing the scientific 
community for HIV vaccine development

• Optimal immunogen design for HIV 
vaccines still to be determined although it 
is established that polyvalent immune 
responses are associated with protection 

• Strong adjuvants which can trigger all 
arms of immune responses still the quest 
of many although TLR ligands are most 
promising in inducing multifunctional 
immune responses 



Progress made in addressing 
these challenges

• Enhanced knowledge of mechanisms of immune 
responses 

• Novel appreciation of the central role of 
Dendritic cells and in particular the function of 
TLR ligands

• Novel understanding of cross presentation which 
allows the design of new generation vaccines 

• Novel understanding of cells and molecules 
which can attenuate immune response :  Tregs
and concept of breaking tolerance 



Progress made in addressing 
these challenges

• Development of novel standardized assays to 
obtain quantitative and qualitative assessment of 
immune responses 

• Development of animal models that can allow 
the in vivo deciphering of protective immune 
responses 

• Structure of HIV envelope protein complexed
with neutralizing antibodies 

• Map of the HIV external surface showing the 
organization of envelope subunits on the surface 
of virions



Correlates of Immune protection : an 
important clue for the design of 

efficacious vaccines



Establishment of Standardized
Preclinical and Clinical Laboratory

Assessment
• "A more transparent and standardized preclinical

evaluation system for candidate immunogens is
essential for defining and developing successful
vaccine regimens."

• "Standardized protocols and immunogenicity 
measurements need to be widely implemented at
the preclinical and clinical stages of vaccine 
development to measure humoral and cell-
mediated immunity and to provide a test bed for 
reproducibly assessing the immune response to 
HIV antigens and adjuvants."

Klausner et al. The Need for a Global HIV Vaccine Entreprise. Science 300:2036 (2003)



Novel Multiparametric assays to decipher 
protective immune responses

• Rationale :
– The Immune response is complex and correlates of 

immune mediated protection  cannot be equated to a 
single or two parameters 

– The use of technologies which allow the analysis of 
multiple parameters is better suited for that purpose 

– Such technologies allow the dissection of the different 
effector arms of the cellular , humoral and innate 
immune responses 



Decoding the Immune Response

• Memory and effector CD4+ and CD8+

responses
• Innate immunity 
• Potency assays for dendritic cells 
• Mucosal immune responses 
• Neutralising antibodies 



Novel assays
– Polychromatic flow cytometry 

• Allows a definition at the single cell level of 
up to 17 parameters 

• These parameters include :
– Cell surface markers which define distinct 

subsets of different maturation stages 
– Functions such as cytokine production, 

cytotoxic T cell function , degranulation 
– Cell cycle stages 



Novel assays

– Genomics 
• Can be performed on isolated subsets of cells 

– Sensitivity allows the analysis on single cells 
• Can be also performed on whole blood which 

provides a very  simple assay 
• Generates enormous amount of data and the 

caveat resides in the analysis and bioinformatics 



Lessons learned from other Viral 
vaccines

• A role for cellular immunity and in 
particular memory T cells and effector 
CD8 cells 

• A role for a broad immune response 
directed against multiple T cell epitopes 

• A role for multifunctional cells  including IL-
2 producing T cells 

• A role for IL-12 produced by dendritic cells 



Memory T cells : the ultimate 
correlate of protection 

• Memory T cells are the stem cells of the 
immune response 

• They provide the long term immunity 
which is the hallmark of vaccine induced 
protection 

• Several vaccines tested to date induce 
long term memory T cells which can 
transfer the protection from one individual 
to another 



Memory T cells : the ultimate 
correlate of protection

• Memory CD4 T cells are associated to protection 
in Long term non progressors 

• Memory CD4 T cells are induced by most 
efficient vaccines including vaccines to acute 
viral infections ( Flu ; yellow fever;small pox )

• Recent work by Letvin and Nabel has shown in 
the SIV model the critical role of central memory 
T cells  in vaccine induced protection 



T cell differentiation and the seeding 
of T cell memory
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Characteristic Profile R1 (Repressed 1)

• Profile code:

Days 0 3 7 10 14 28 60 180 sequence
5717-SMC6L1-SMC6 structural maintenance of chromosomes 6-like 1 (yeast) ### ### ### ### ### ### ### ### ••-----•-•----
6125-MNDA-myeloid cell nuclear differentiation antigen ### ### ### ### ### ### ### ### ••-----•-•----
4113-FH-fumarate hydratase ### ### ### ### ### ### ### ### ••-----•-•----
6381-RAB5A-RAB5A, member RAS oncogene family ### ### ### ### ### ### ### ### ••-----•-•----
3143-PHC2-polyhomeotic-like 2 (Drosophila) ### ### ### ### ### ### ### ### ••-----•-•----
2021-#-Homo sapiens transcribed sequence with strong similarity to protein sp ### ### ### ### ### ### ### ### ••-----•-•----
5649-CXCR4-chemokine (C-X-C motif) receptor 4 ### ### ### ### ### ### ### ### ••-----•-•----
3205-LCP1-lymphocyte cytosolic protein 1 (L-plastin) ### ### ### ### ### ### ### ### ••-----•-•----
3007-FCGR3A-Fc fragment of IgG, low affinity IIIa, receptor for (CD16) ### ### ### ### ### ### ### ### ••-----•-•----
4127-RELA-v-rel reticuloendotheliosis viral oncogene homolog A, nuclear fact ### ### ### ### ### ### ### ### ••-----•-•----
1243-TNFRSF6-tumor necrosis factor receptor superfamily, member 6 ### ### ### ### ### ### ### ### ••-----•-•----
0541-A2M-alpha-2-macroglobulin ### ### ### ### ### ### ### ### ••-----•-•----
5257-HGF-hepatocyte growth factor (hepapoietin A; scatter factor) ### ### ### ### ### ### ### ### ••-----•-•----
2151-CTSS-cathepsin S ### ### ### ### ### ### ### ### ••-----•-•----
3275-ZDHHC18-zinc finger, DHHC domain containing 18 ### ### ### ### ### ### ### ### ••-----•-•----
3037-TNFRSF5-tumor necrosis factor receptor superfamily, member 5 ### ### ### ### ### ### ### ### ••-----•-•----
2589-TSG101-tumor susceptibility gene 101 ### ### ### ### ### ### ### ### ••-----•-•----
1183-DUSP1-dual specificity phosphatase 1 ### ### ### ### ### ### ### ### ••-----•-•----
3003-HLA-B-major histocompatibility complex, class I, B ### ### ### ### ### ### ### ### ••-----•-•----
3441-SEMA4D-sema domain, immunoglobulin domain (Ig), transmembrane d ### ### ### ### ### ### ### ### ••-----•-•----
6571-LSP1-lymphocyte-specific protein 1 ### ### ### ### ### ### ### ### ••-----•-•----
1203-FCER1G-Fc fragment of IgE, high affinity I, receptor for; gamma polype ### ### ### ### ### ### ### ### ••-----•-•----
4842-KIAA1944-KIAA1944 protein ### ### ### ### ### ### ### ### ••-----•-•----
0763-LRRFIP1-leucine rich repeat (in FLII) interacting protein 1 ### ### ### ### ### ### ### ### ••-----•-•----
0515-FLJ32731-hypothetical protein FLJ32731 ### ### ### ### ### ### ### ### ••-----•-•----
0301-INPP5D-inositol polyphosphate-5-phosphatase, 145kDa ### ### ### ### ### ### ### ### ••-----•-•----
4567-#-Homo sapiens transcribed sequences ### ### ### ### ### ### ### ### ••-----•-•----
0627-IER3-immediate early response 3 ### ### ### ### ### ### ### ### ••-----•-•----
3813-RRM2-ribonucleotide reductase M2 polypeptide ### ### ### ### ### ### ### ### ••-----•-•----
6545-HLA-DPB1-major histocompatibility complex, class II, DP beta 1 ### ### ### ### ### ### ### ### ••-----•-•----
5651-LTBR-lymphotoxin beta receptor (TNFR superfamily, member 3) ### ### ### ### ### ### ### ### ••-----•-•----
4843-MAG-myelin associated glycoprotein ### ### ### ### ### ### ### ### ••-----•-•----
0629-TRIM22-tripartite motif-containing 22 ### ### ### ### ### ### ### ### ••-----•-•----
0633-CDKL5-cyclin-dependent kinase-like 5 ### ### ### ### ### ### ### ### ••-----•-•----
5459-APEX1-APEX nuclease (multifunctional DNA repair enzyme) 1 ### ### ### ### ### ### ### ### ••-----•-•----
0943-PPM1A-protein phosphatase 1A (formerly 2C), magnesium-dependent, ### ### ### ### ### ### ### ### ••-----•-•----
1755-UBE2J1-ubiquitin-conjugating enzyme E2, J1 (UBC6 homolog, yeast) ### ### ### ### ### ### ### ### ••-----•-•----
5945-TRA@-T cell receptor alpha locus ### ### ### ### ### ### ### ### ••-----•-•----
1215-HLA-DPA1-major histocompatibility complex, class II, DP alpha 1 ### ### ### ### ### ### ### ### ••-----•-•----
0681-IL10RA-interleukin 10 receptor, alpha ### ### ### ### ### ### ### ### ••-----•-•----
4911-LRIG1-leucine-rich repeats and immunoglobulin-like domains 1 ### ### ### ### ### ### ### ### ••-----•-•----
2707-CD28-CD28 antigen (Tp44) ### ### ### ### ### ### ### ### ••-----•-•----
1189-PPBP-pro-platelet basic protein (chemokine (C-X-C motif) ligand 7) ### ### ### ### ### ### ### ### ••-----•-•----
5765-SSBP4-single stranded DNA binding protein 4 ### ### ### ### ### ### ### ### ••-----•-•----
3009-PDK1-pyruvate dehydrogenase kinase, isoenzyme 1 ### ### ### ### ### ### ### ### ••-----•-•----
1219-RNF121-ring finger protein 121 ### ### ### ### ### ### ### ### ••-----•-•----
1393-CSF3R-colony stimulating factor 3 receptor (granulocyte) ### ### ### ### ### ### ### ### ••-----•-•----
5721-VDR-vitamin D (1,25- dihydroxyvitamin D3) receptor ### ### ### ### ### ### ### ### ••-----•-•----
4587-CNOT8-CCR4-NOT transcription complex, subunit 8 ### ### ### ### ### ### ### ### ••-----•-•----
2781-CCND3-cyclin D3 ### ### ### ### ### ### ### ### ••-----•-•----
3881-PSMB9-proteasome (prosome, macropain) subunit, beta type, 9 (large m ### ### ### ### ### ### ### ### ••-----•-•----
1877-Rab11-FIP2-KIAA0941 protein ### ### ### ### ### ### ### ### ••-----•-•----
4121-IL11-interleukin 11 ### ### ### ### ### ### ### ### ••-----•-•----
5343-SDHA-succinate dehydrogenase complex, subunit A, flavoprotein (Fp) ### ### ### ### ### ### ### ### ••-----•-•----
0483-CD1D-CD1D antigen, d polypeptide ### ### ### ### ### ### ### ### ••-----•-•----
5157-NFKBIA-nuclear factor of kappa light polypeptide gene enhancer in B-ce ### ### ### ### ### ### ### ### ••-----•-•----
1711-TRUB1-TruB pseudouridine (psi) synthase homolog 1 (E. coli) ### ### ### ### ### ### ### ### ••-----•-•----
6779-ELF4-E74-like factor 4 (ets domain transcription factor) ### ### ### ### ### ### ### ### ••-----•-•----
4881-NCF1-neutrophil cytosolic factor 1 (47kDa, chronic granulomatous disea ### ### ### ### ### ### ### ### ••-----•-•----
0011-TYROBP-TYRO protein tyrosine kinase binding protein ### ### ### ### ### ### ### ### ••-----•-•----
3283-EEA1-early endosome antigen 1, 162kD ### ### ### ### ### ### ### ### ••-----•-•----
4199-STRBP-spermatid perinuclear RNA binding protein ### ### ### ### ### ### ### ### ••-----•-•----
0929-TFEB-transcription factor EB ### ### ### ### ### ### ### ### ••-----•-•----
2065-SOD2-superoxide dismutase 2, mitochondrial ### ### ### ### ### ### ### ### ••-----•-•----
0955-MGMT-O-6-methylguanine-DNA methyltransferase ### ### ### ### ### ### ### ### ••-----•-•----
1427-CORO1C-coronin, actin binding protein, 1C ### ### ### ### ### ### ### ### ••-----•-•----
3833-FCGRT-Fc fragment of IgG, receptor, transporter, alpha ### ### ### ### ### ### ### ### ••-----•-•----
0963-HBA1-hemoglobin, alpha 1 ### ### ### ### ### ### ### ### ••-----•-•----
5679-TRG@-T cell receptor gamma locus ### ### ### ### ### ### ### ### ••-----•-•----
6395-TIEG-TGFB inducible early growth response ### ### ### ### ### ### ### ### ••-----•-•----
5817-KIAA0053-KIAA0053 gene product ### ### ### ### ### ### ### ### ••-----•-•----
2095-TXK-TXK tyrosine kinase ### ### ### ### ### ### ### ### ••-----•-•----
2219-AXIN1-axin 1 ### ### ### ### ### ### ### ### ••-----•-•----
4577-KIAA0542-KIAA0542 gene product ### ### ### ### ### ### ### ### ••-----•-•----
0821-PLEKHA3-pleckstrin homology domain containing, family A (phosphoino ### ### ### ### ### ### ### ### ••-----•-•----
0631-#-Homo sapiens transcribed sequence with strong similarity to protein sp ### ### ### ### ### ### ### ### ••-----•-•----
4585-SELPLG-selectin P ligand ### ### ### ### ### ### ### ### ••-----•-•----
0779-KLRB1-killer cell lectin-like receptor subfamily B, member 1 ### ### ### ### ### ### ### ### ••-----•-•----
6819-CDC42-cell division cycle 42 (GTP binding protein, 25kDa) ### ### ### ### ### ### ### ### ••-----•-•----
4115-SP3-Sp3 transcription factor ### ### ### ### ### ### ### ### ••-----•-•----
4547-HLA-DRB3-major histocompatibility complex, class II, DR beta 3 ### ### ### ### ### ### ### ### ••-----•-•----
2727-CD97-CD97 antigen ### ### ### ### ### ### ### ### ••-----•-•----
6171-NGFR-nerve growth factor receptor (TNFR superfamily, member 16) ### ### ### ### ### ### ### ### ••-----•-•----
2533-#-Homo sapiens transcribed sequence with strong similarity to protein sp ### ### ### ### ### ### ### ### ••-----•-•----
1571-HLA-DMA-major histocompatibility complex, class II, DM alpha ### ### ### ### ### ### ### ### ••-----•-•----
0999-MSH5-mutS homolog 5 (E. coli) ### ### ### ### ### ### ### ### ••-----•-•----
3507-ACAD8-acyl-Coenzyme A dehydrogenase family, member 8 ### ### ### ### ### ### ### ### ••-----•-•----
3049-RERE-arginine-glutamic acid dipeptide (RE) repeats ### ### ### ### ### ### ### ### ••-----•-•----
0861-MGEA6-meningioma expressed antigen 6 (coiled-coil proline-rich) ### ### ### ### ### ### ### ### ••-----•-•----
5069-ARFD1-ADP-ribosylation factor domain protein 1, 64kDa ### ### ### ### ### ### ### ### ••-----•-•----
2529-MDH2-malate dehydrogenase 2, NAD (mitochondrial) ### ### ### ### ### ### ### ### ••-----•-•----

14 28 60 1800 3 7 10



At differential expression T-test p-values <= 0.01 an overwhelming 
majority of the changes occur between d0 and d10 

Frequency of significant pair-wise 
changes for p-value < 0.01

-200

-150

-100

-50

0

50

100

150

200

d0
-d

3

d0
-7

d0
-d

10

d0
-d

14

d0
-d

28

d0
-d

60

d0
-d

18
0

d0
-d

3

d3
-d

7

d7
-d

10

d1
0-

d1
4

d1
4-

d2
8

d2
8-

d6
0

d6
0-

d1
80

Differential expression pair

O
cc

ur
en

ce
s

A majority of 
significant 
differential 
expression 
with respect 
to d0 occurs 
at d3 and d7

By far the 
most 

significant 
expression 
changes 

occur 
between d0 
and d3, and 
d3 and d7



Characteristic Profile S1 (Stimulated 1)

characteristic profile
S1 56

time d0 d3 d7 d10 d14 d28 d60 d180
average 0.37 0.75 0.77 0.38 0.41 0.40 0.42 0.40
stdev 0.18 0.13 0.12 0.20 0.20 0.21 0.18 0.20
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Genes associated with this profile
55 Genes

Pro-survival Genes

•ERK3
•IL-7R
•TRAK (activate NFκB pathway)
•TNFRII (co-stimulation, inhibit apoptosis
By recruiting c-IAP1)



Early induction of Central memory CD4 and CD8 T cells  \
following yellow fever vaccination 

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0

1

2

3

4

5

6

7

8

9

CD4+ CM
CD4+ EM
CD8+ CM
CD8+ EM

Days post-vaccination

%
 C

D
28

+ 
C

D
57

- K
i6

7+



Correlates of protection in 
Yellow fever vaccination

• YF vaccination induces  very potent innate and adaptive 
immune responses

• These responses occur as early as day 3 and may be 
earlier 

• The YF-specific immune response has an equilibrated  
TH-1/ TH2 profile

• Several pro-survival genes are induced very early 
• The establishment of memory occurred as early as day 5
• The immune response to YF varies quantitatively 

amongst patients.



Conclusions
• Several assays are now in place to identify 

correlates of protection 
• Identification of such correlates should be 

a priority 
• Identification of these correlates will 

provide a benchmark for a successful HIV 
vaccine 

• The quest for adjuvants that can trigger 
long term memory should be a priority 



Thank you 


