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I ntroduction

The Global HIV Vaccine Enterprise convened a two-day workshop in June of 2007 to discuss
improving defences at the portals of entry. The meeting was divided between discussion of
innate responses to HIV in general and mucosal innate and adaptive responses against HIV at the
portals of entry. Section | focuses on mucosal immunity, and should be read in context with the
report on innate responses in Section Il. The goals of this workshop were to identify key
scientific issues that have emerged since the Enterprise Strategic Plan was first published in
2005, and to make recommendations that Enterprise stakeholders can use to plan new activities.
The meeting was organized by Barton Haynes, Robin Shattock, Bali Pulendran, Jorge Flores and
Jose Esparza and was attended by 27 scientists from the United States, Europe Canada, South
Africaand Asia

Defining the earliest events in mucosally transmitted HIV-1 infection is of central importance for
characterizing the precise virus-host interactions that must be altered by vaccine-induced
immune responses. While sexual transmission accounts for over 90% of all instances of HIV-1
infection [1,2], the immediate events between exposure to infectious virus and establishment of
infection are poorly understood. Mucosal transmission of HIV-1 infection is mediated by
exposure to infectious virus and/or cells within mucosal secretions. It has been established in
non-human primate studies that mucosal infection can occur following 30-60 min exposure to
infectious virus, that localized infection is established within 16-72 hours and dissemination to
draining lymph nodes is achieved within 24-72 hours [3,4], therefore the time for mucosal
responses to impact on transmission events is critically short, and likely is within the first 14
days of transmission. While the risk of transmission is influenced by factors relating to the
infected partner [2,5,6], transmission is dependent upon transfer of infectious virus across the
mucosal epithelium providing access to sub-epithelial dendritic cells (DCs), macrophages and/or
T-cells that express both CD4 and co-receptors CCR5 and CXCR4 [7,8]. Multiple mechanisms
for mucosal HIV-1 transmission have been proposed including: direct HIV-1 infection of
epithelial cells, transcytosis of HIV-1 through epithelial cells and/or specidized M cells;
epithelial transmigration of HIV-1-infected donor cells; uptake of HIV-1 by intra-epithelia
Langerhans and dendritic cells [9-15]; or entry via epithelial microabrasions or ulceration [2,5,6].
These events may be critically influenced: by viral genotype [15-19] and incorporation of host
cell proteins [20-23]. However, none of these mechanisms, the receptors involved, nor their
modulation by immune responses (adaptive and/or innate) have been fully defined in tissue
and/or non-human primate or human clinical studies. A broad consensus from the meeting was
that a preventative vaccine must effectively target the earliest events in the establishment HIV
infection right after transmission (hours to days). It was recognized that adaptive memory
responses may be to slow to combat such events, and that robust mucosal protection may require
both, components of the innate response (active within minutes-hours) and adaptive effector
immune response (humoral and/or T cell). Induction and maintenance of such responsesis likely
to require rational vaccine design based upon a fuller understanding of the correlates of mucosal
protection against HIV infection. On the basis of the major roadblocks to advance the field, nine
scientific priorities were identified that will bring the field closer to defining the correlates of
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mucosal protection (adaptive and innate) and devel oping the enabling technology for an effective
HIV-1 vaccine.

Section | Roadblocksto inducing protective adaptive immunity at mucosal surfaces

1. Definition of the sequence of events required to establish infection following exposure to
HIV.

As argued above, understanding the mechanisms of HIV infection across mucosal surfaces and
the ability of immune responses to modulate these events is likely to be important for effective
vaccine design and development. There was a clear consensus that for a preventative vaccine to
extinguish HIV-1 following the transmission event, and achieve a viral reproductive ratio of less
than 1[24] , it must be able to target these very early events. One critical unanswered question is
the relative role of cell free vs. infected cells in mucosal transmission [9], whether the relative
importance of these varies by mucosal route and the relative impact of mucosal responses on
these different pathways. A second knowledge gap relates to the different potential mechanism
of viral transport across mucosal surfaces and their modulation by different aspects of the
immune response [2,5,6,9-15]. Furthermore, there is still debate as to the identity, frequency,
location and role of the primary targets of infection and the primary targets may vary depending
on the type of mucosal epithelium present [3, 9, 25, 26]. Attention should be paid to the
difference in infectivity and protection between the stratified squamous epithelium of the ecto-
cervico vaginal and foreskin epithelia in contrast to the columnar nature of the rectal and endo-
cervical epithelium. Critical to evaluating the impact of vaccines on these initial events will be
the development of better tools to track initial infection and dissemination, and the ability to
cross reference different models of mucosal transmission.

Specific recommendations:

e Develop tools for tracking virus and/or infected cell interaction with mucosal surfaces
and subsequent spreading of infection within mucosal sites and dissemination to
lymphoid tissue

e Determine the role of dendritic cells (DC) in the mucosa for dissemination of HIV.

e Cross reference and standardize cellular, tissue and non-human primate models of
mucosal transmission

o Develop better and more relevant panels of HIV and SHIVs from transmitted sequences
for human explant tissue and NHP studies

e Evaluate the impact of protective vaccines on initial events of transmission to determine
the point at which the chain of events required to establish infection is aborted.

2. Elucidation of acute mucosal sequellae that need to be prevented or subverted by HIV
vaccines

Parallel studies of pathological events in acute infection in NHP and humans have generated
important insights into the subversion and/or destruction of the mucosal immune system. Thisis
most evident by the rapid depletion of CD4 T cells within the GALT during acute infection
[27,28], although it is less apparent whether thisis paralleled in other mucosal sites. However, it
has become abundantly clear that once mucosal infection has occurred, mucosal immune
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responses to infection are insufficient to prevent these events, what is less clear is whether they
have any role in controlling mucosal replication, viral evolution, immune cell depletion [27-30]
and in particular depletion of central memory CD4 T cells [31]. A number of studies have
identified a paucity in the induction of robust HIV-specific mucosal IgA and 1gG responses in
GALT [32]. It isunclear whether this purely reflects the consequence of CD4 T cell depletion on
localized humoral response or whether additional immunosuppressive mechanisms are mediated
by CD4+CD24+ Treg cells, phosphatidylserine, apotoptic cells/microparticles or the PD1-
PDL1/PDL 2 pathway [33-36]. While important work has been carried out to identify pathogenic
sequellae in acute infection, the underlying mechanisms driving these events are not fully
understood. The critical relationship between immune cell depletion, and permeability of the GI
tract to bacteria and bacterial products remains unclear [37,38], are these events solely the direct
consequence of HIV pathology or is there a more dynamic interaction between immune cell
depletion, intestinal permeability, cytokine induction, cell activation and epithelia integrity that
serves to accelerate localized and systemic disease? Less still is known about the impact of
immune response (innate and adaptive) in their imprinting and subsequent modulation of these
events. Perhaps most critically for vaccine design, it is unclear whether mucosal immune
responses can be primed in such away as to overcome such pathogenic mechanisms and whether
infection can ever be prevented or aborted after the initiation of these events or merely
controlled.

Specific recommendations

e Define why HIV fails to induce robust HI'V-specific mucosal IgA and 1gG responses

e Determine whether immunosuppressive mechanisms mediated by Treg cells and
apoptotic  pathways at mucosal surfaces prevent robust immune responses and/or
promote viral replication?

e Develop a focused approach of parallel human and NHP studies of acute infection to
further delineate common pathology of acute infection

e Define key differences in specific mucosal IgA and 1gG responses and regulatory
cytokines in acute infection and following vaccination with HIV antigens and control
antigens

e Monitor mucosal immune depletion in multiple mucosal sites (GALT, BALT, GlI)

e Characterize the relationship between immune depletion, intestinal permeability to
bacteria and bacterial products, cytokine environment, activation status and viral
guasi species within different mucosal compartments

e Determine the mechanistic features that render the Gl tract in acute HIV/SV infection
permeable to bacterial products

e Monitor mucosal immune responses, T-cell depletion and gut permeability in naive NHP
and vaccinated animalsin response to rectal challenge.

3. Development of better tools for measuring mucosal immune responses. assay
development, standar dization and validation

As aready discussed, understanding the role of mucosal immunity in HIV transmission and
prevention is likely to be key to the rational development of HIV vaccines. However, to date the
techniques for evaluating mucosal immune responses (in humans and NHP) have been primarily
based on assays established for the evaluation of systemic responses where sample volume and
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cell numbers are not rate limiting. The technological hurdles are different for mucosal T cell and
humoral responses and these will be discussed separately. However, one common research need
is to identify novel mucosal specific homing markers to enable monitoring of mucosal immune
responses via analysis of cells trafficking through the systemic circulation. While significant
information is known about lymphocyte homing to the small intestine, skin and lymph nodes
[39,40] and a number of lymphocyte homing receptors have been identified, including apha4
beta7 for GALT, etc [41,42], these lack sufficient specificity in humans for other mucosal sites
(colorectum, male and female genital tract).Thus identification of specific homing markers for
these sites would enable monitoring of immune mucosal immune response via analysis of cells
trafficking through the systemic circulation.

While there is a substantial body of literature describing antigen specific T cells
responses to HIV in peripheral blood [43, 44], far less is known about mucosal T cell responses.
This reflects the lack of an accessible, reliable, and sensitive method for assessing mucosal
cellular responses and represents a significant bottleneck in the ability to determine the mucosal
correlates of protection and or viral control. As a consequence little is known about the quality,
guantity and duration of mucosal T-Cell responses following infection or vaccination and their
relation to systemic T-Cell response. Analysis of mucosal T-Cell responses (both vagina and
colorectal) in humans faces a number challenges. Optima sampling methods for acquiring
mucosal T cells have not been standardized and typically involve the collection of biopsies for
colorectal responses, semen for male genital responses and cervical cytobrush samples for
female genital responses. Transport and storage conditions for mucosal T cell samples have not
been validated with the majority of investigations requiring the use of fresh samples, reducing
their applicability to multiple trial sites. Furthermore, the number of cells for analysis is rate
limiting when compared to established PBMC assays. Indeed mucosal assays need to be able to
be performed on 10" T-cells of which >1% may be responsive to HIV antigens, severely limiting
the ability of current technology to assess the breadth (ELISPOT) [45] and quality
(multiparametric cytokine analysis) [46] of mucosal responses. Polyclona expansion of mucosal
T cells has been successfully used to facilitate analysis of mucosal memory T cell responses [47]
and may provide some gains in sensitivity, however it was recognised the development of new
technology including microfluidics and tetramer technology [48,49] could optimize single cell
evaluation of mucosal T cell responses

In contrast much has been done to increase the sensitivity of antibody binding assays
using high sensitivity ELISA technology [50]. Additional advances are being realised, with
multiparameter luminex assays able to eval uate responses to a wide range of antigens using small
sample volumes [51], the use of Surface Plasmon Resonance [52] to evaluate kinetics and avidity
of binding, and Resonant Acoustic Profiling able to detect antibody binding to whole virions
[53,54]. However these gains in technology have not been matched with optimization and
standardization of mucosal sampling, processing and storage techniques to detect mucosal
vaccine humoral induced responses. Of particular concern was the wide variability in reported
detection of mucosal 1gA responses to HIV [32], the influence of mucosal secretions, immune
complexes and 1gG competition on different assay platforms.

Specific recommendations
e |dentification of novel mucosal (colorectal, genital) specific homing markers
e Define optimal methods to acquire, transport and store mucosal samples
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e Establish/validated biomarkers for sample standardization and assay controls that will
facilitate cross comparison between NHP and human vaccine studies

e Optimize detection of HIV specific antibody isotypes in different mucosal samples
(colorectal, cervicovaginal, semen)

e Maximize the efficiency of polyclonal expansion of mucosal T cells to facilitate mucosal
assessment.

e Establish novel platform technology for single cell evaluation of mucosal T cell responses

4. Defining the role of the common mucosal system in protection

The central dogma that protective anti-HIV-1 immune reponses is best primed by mucosal
vaccination has not been fully validated. Indeed, protection against mucosal challenge has been
demonstrated in NHP studies with parenteral vaccines (at least with homologous virus) and live
attenuated vaccines [42]. It is unclear whether such systemic immunization induces protection at
mucosal surfaces, or whether more robust protection might be achieved with mucosal priming
and/or boosting [55]. New tools for tracking virus and infected cells [56-59] may now allow
studies to determine the point of protection in vaccinated animals. The unique contribution of
NHP studies to addressing these questions was clearly recognized, but this was underscored with
an emphasis for parallel immunogenicity studies in humans. Again the requirement for cross
comparison between trials (and the tools to facilitate this) was seen as paramount.

Specific recommendations

e Establish a broad paradigm of the commonalities of the mucosal immune system through
parallel studies in humans and NHP (BALT, GALT, genito-rectal associated lymphoid
tissues).

e Define the potential of mucosal immunization in different prime boost strategies to
optimize protective mucosal responses

e Determine the role of mucosal immunity in protection afforded by parenteral vaccines
(tracking of infectious events, determine differences by route of challenge)

e Determine whether protection afforded by parenteral vaccines can be boosted by
mucosal immunization.

e Establish the role of mucosal antibodies (passive infusion studies, topical application of
1gG, sIgA etc, neutralizing/non-neutralizing)in prevention of mucosal transmission

5. Characterization of protective mucosal antibody responses

While thereis general agreement that a protective vaccine will require the induction of a humoral
response, a large number of questions remain about the characteristics of such a response that
will provide protection. The contribution of mucosal vs. systemic antibodies to mucosal
protection remains an area of debate. It is unclear how much spill over of systemic antibodies
there is into mucosal compartments, whether this could be sufficient for protection, if it is
changed by sexual arousal, and whether luminal antibodies are required. Nevertheless, passive
infusion studies have demonstrated protection against mucosal challenge [60,61]

It remains unclear whether the induction of neutralizing antibodies is the only response
contributing to robust protection or whether other functional characteristics of non-neutralizing
antibodies may have equal or additional importance [62,63]. This question may be key in
focusing vaccine development efforts. NHP chalenge studies following passive infusion of

6



antibodies that demonstrate distinct functional characteristics could further define the humoral
correlates of protection and provide cross-validation of relevant in vitro assays. Therefore it was
recommended that an emphasis be placed on understanding the contribution of functional
activities of antibodies including: complement fixation, inhibition of epithelial transcytosis,
blockade of cell-cell transmission across infectious synapses (in particular those between
dendritic cellsand T cells), and ADCC to mucosal protection. At present, there is no certainty as
to which of the many different functional antibody assays might correlate with mucosal
protection, and thus these must be tested in parallel with NHP and human protection studies,
providing away forward to understanding the humoral correlates of protection.

Specific recommendations

e Determine the correlates of protective antibody responses. Are mucosal antibodies
necessary for protection or will antibodies of systemic origin suffice?

e Define the role of antibody isotype in mucosal protection (combination of passive
infusion NHP studies and in vitro functional assays)

e Define the kinetics of protective antibodies- what is the time frame in which they have to
work — hours, days? Can this be elicited by memory responses?

e Determine the concentration of Ab needed at mucosal sites for an effective initial
response.

e Define the different characteristics of protective humoral responses against HIV
transmission mediated by cell free virus and infected cells

e Characterize the role of immune complexes in viral transmission and their impact of
vaccine induced responses

6. Definition of therole of T-cell responsesin eliciting mucosal protection

As discussed above, there are a number of technological hurdles to studying mucosal T cell
responses (see Priority 3). Should these hurdles be overcome, there are severa strategically
important questions about the role of mucosal T cell responses, that could enhance the design of
protective vaccines against mucosal HIV transmission. Comparison of systemic and mucosal
responses in infected individuals would define whether there was any compartmentalization of T
cell responses that would require differences in prime/boosting by vaccines. Definition of the
correlates of protection and/or non-progression in elite controllers (NHP and humans), using
broad systems approaches that includes multiparametric cytokine analysis and genomics may
provide new insight into the role of T cell responses in protection/control of HIV infection and
may explain why elite controllers have virus in their semen but not in their blood [43].
Furthermore, NHP studies could assess the relative contribution of specific mucosal memory vs.
effector cell numbers and the duration of protection. Ex-vivo challenge studies of mucosal tissue
might be developed as a tool for bridging studies between NHP and human studies. It was
recognised that study of durable low-level localized infection (replication competent vectors,
attenuated virus) could provide additional insight into the type of vaccine that will most likely
stimulate mucosal T cell immunity. Furthermore, valuable lesions could be drawn through the
study of other vaccines including: live versus inactivated polio; live versus inactivated flu;
mucosal versus systemic delivery of measles vaccine; replication competent versus defective
adenovirus; and exploration of response to vectors as a predictor of vaccine response [64].



Specific recommendations

e In depth comparison of mucosal and systemic T cell responses in acute and chronic
infection of humans (frequency and functionality)

e Comparison of mucosal and systemic T cell responses in protected NHP studies
(frequency and functionality)

e Definition of the correlates of non-progression in elite controllerstfNHP and human
studies)

e Define any correlation between mucosal vs. systemic T cell responses (effector/memory
ratio, specificity, functionality) with protection in NHP studies and their potential rolein
duration of protection/viral control

e Characterize the role of durable low-level infection (replication competent vectors,
attenuated virus) in inducing T cel response, and determine if it induces
compartmentalized mucosal immunity at the site of exposure.

e Explore the use of ex-vivo mucosal tissue challenge model as a tool for bridging studies
between NHP and human immunogenicity studies.

Section I1: Roadblocks to harnessing the innate immune system to stimulate protective
immunity against HIV

Research done over the past decade has placed innate immunity at the center of immune
regulation. The “innate” immune response is an evolutionarily ancient system of host defense,
which occurs within minutes or hours of pathogen entry, or vaccination. A fundamental property
of the innate immune system is its ability to “sense” or recognize microbial or viral stimuli, and
to elicit rapid acting defence mechanisms [65-67]. The innate immune system consists of a
network of interacting cell types including dendritic cells (DCs), macrophages, epithelial cells,
endothelia cells, NK cells, NK T cells, mast cells, gamma-delta T cells which play a
fundamental role in “sensing” microbes or viruses, and launching innate defence mechanisms
against them [65-67]. Amongst these cells, DCs play a pre-eminent role, not only in directly
sensing the presence of pathogens, but also in orchestrating the interactions between the other
innate immune cell types, and facilitating the €elicitation of anti-viral defences such secretion of
type | interferons and defensins [68]. In addition to their roles in sensing pathogens and
orchestrating innate immune defences, DCs also play a critical role in trandating innate
immunity into adaptive immunity [68, 69]. Understanding the impact of innate immunity on the
regulation of adaptive immunity, and harnessing such knowledge to induce optimal immunity to
HIV, was recognized as an area of the highest importance.

The innate immune system is able to sense components of viruses, bacteria, parasites and
fungi through the expression of so-called pattern recognition receptors (PRRs), which are
expressed by DCs and other cells of the innate immune system [65-67]. Toll-like receptors
[TLRs] represent the most studied family of PRRs. However growing evidence suggests that
other non-TLR families of innate receptors such as C-type lectin like receptors (CLRS) [70],
NOD-like receptors (NLRs)[71] and RIG-I-like receptors (RLRs)[72] also play critical roles in
innate sensing of pathogens, and induction of inflammatory responses. Furthermore, the
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chemokine receptor CCR5 has been shown to recognize HIV, M.tuberculosis, Toxoplasma
gondii and microbial HSP70, and stimulate the maturation of dendritic cells. The importance of
such non-TLRsin regulation of adaptive immunity is only beginning to be understood. There are
several different sub-populations of DCs that differ in their surface phenotype, function, and
immune stimulatory potentials [68, 69]. Emerging evidence suggests that the nature of the DC
subtype, as well as the particular TLRs and/or non-TLRs triggered play critical roles in
modulating the strength, quality and persistence of adaptive immune responses [69]. Thus DCs
and PRRs represent attractive targets for enhancing HIV-specific immunity in vaccination.
Towards this end, a fundamental challenge is to understand the mechanisms by which DCs and
PRRs regulate adaptive immune responses. In this context, the application of high throughput
technologies to evaluate changes in gene and protein expression and kinase profiles in response
to TLRs and non-TLRs, is likely to yield significant gains. Such an approach will offer an
understanding of the signalling networks in the innate immune system that regulate the adaptive
immune response, and this is likely to new insights on how to tune the adaptive immune
response [73].

In the near term, understanding the precise roles played by TLRs and non TLRs, in the
induction and regulation of adaptive immune responses, is critical for the design of optimally
effective vaccines against HIV. Thus specific ligands which stimulate DCs via TLRs or non
TLRs may represent novel adjuvants for vaccines against HIV [74]. However an important issue
is to ensure targeted delivery of antigen plus adjuvant to the antigen presenting cell so as to
optimize immunity and minimize systemic toxicities. Therefore the development of delivery
systems, formulations, nanoparticles that facilitate the local or mucosal delivery of specific
ligands for TLRs and non-TLRs may be a key step in the advancement of such novel adjuvants
[79].

Finally, there is a growing realization that many of our best empirically derived vaccines
and adjuvants mediate their efficacy by activating specific innate immune receptors. For
example, the highly effective yellow fever vaccine-17D, one of the most successful vaccines
which has been administered to over half a billion people globally, signals via at least 4 different
TLRs, as well as RIG-I like receptors, to elicit a broad spectrum of T cell responses [76]. This
suggests that the immune response generated by a live attenuated vaccine can be effectively
mimicked by adjuvants composed of the appropriate TLR and/or non-TLR ligands.
Furthermore, recent work suggests that some adjuvants can induce robust adaptive immunity in a
TLR-independent manner, perhaps through other receptors in the innate immune system [77].
Therefore, understanding the precise roles played by TLRs and other non TLRs, in the induction
and regulation of adaptive immune responses, is critical for the design of optimally effective
vaccines against HIV.

7. Harnessing TLRsand non-TLRsin HIV vaccine development

There was consensus that there should be enhanced efforts to understand how dendritic cell
subsets, TLRs, and other innate immune receptors (non-TLRs) all represent potential targets,
which can be manipulated to induce effective HIV-specific immunity.

Specific recommendations:
e Determine how innate immune activation controls the strength and quality of adaptive
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immune responses.

e Apply systems biological approaches to understanding the complex gene and protein
regulatory networks stimulated by adjuvants, and their impact on adaptive immunity

e Determine how to exploit TLRs, non-TLRs and antigen presenting cells (APCs) to induce
protective immune responses, systemically and at mucosal surfaces.

e Develop novel and safe adjuvants stimulate TLRs and/or non-TLRs.

e Develop delivery systems, formulations, nanoparticles that facilitate the local or mucosal
delivery of specific ligands for TLRs and non-TLRs. There is a growing belief that
delivery of multiple TLR ligands might result in synergistic activation of DCs and a
consequent enhancement of the adaptive immune response.

e Determine how successful vaccines and adjuvants activate the innate immune system,
with a view to exploiting such knowledge in the generation of new vaccines against HIV.

e Use systems biological approaches to identify signatures of early innate immune
activation that can predict the immunogenicity of vaccines.

8. Understanding the role of natural anti-HIV factors and innate immune cells (e.g., NK
cells, NK-T cells, gamma-delta T cells, B-1 B cells, marginal zone B cells) in mediating the
interface between innate and adaptive immunity in HIV.

Although much attention has focused on antigen-presenting cells, it is now clear that other innate
activities including antiviral cytokines and cells such as NK cells, NK T cells, gamma-delta T
cells play fundamental roles in mediating innate immune responses. Their function in inducing
and in regulating adaptive immunity against HIV are beginning to be understood [78-80], and
have yet to be exploited in vaccine design against HIV. Furthermore, the potential roles of innate
B-1 and marginal zone B cells in mediating rapid induction of neutralizing antibodies against
HIV remains an area of interest that may provide additional insight. Understanding the role of
innate immunity in the induction and imprinting of adaptive immune responses was identified as
and it was recognized that advances in this area might facilitate the effective manipulation of
innate immunity to induce optimally effective adaptive immunity against HIV.

Specific Recommendations
e Determine if NK, NK-T, gamma/delta T cells have biologically relevant roles in control
of HIV-1 during the transmission event.
e Determine if B-1 B cells and marginal zone cells can be induced to rapidly produce
protective antibodies in response to AHI by previous vaccination.

9. Under standing therole of innate immunity in early HIV infection

There is presently little knowledge about the early innate immune events that occur in response
to mucosal HIV infection, and their potential influence on the ensuing adaptive immune response
and disease progression. This issue was identified as an important gap in current understanding
and it was widely recognized that advances in this area might facilitate the rationale design of
interventions in acute infections. Intracellular innate antiviral factors such as APOBEC3CG can
be upregulated and maintained so it may play an important role in prevention of HIV infection in
the first few days after exposure to the virus [81]. Therefore further study of how innate antiviral
factors can curtail early eventsin HIV transmission and development of vaccine approaches that
can induce and maintain such responses may provide new leads.
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Specific recommendations

e Understand the roles of DC subsets, TLRs and non-TLRs in mediating innate and
adaptive responses to HIV in early infection.

e Role of other innate immune cells — NK, macrophages, marginal zone, B-1 B cells in
mediating innate and adaptive immunity to HIV in early infection

e Understand the role of innate antiviral cytokinesin curtailing early HIV infection
Understand the role of innate intracellular antiviral factors in curtailing early HIV
infection

Summary, Discussion and Final Recommendations

In summary, there was a general agreement that understanding the role of both innate and
mucosal immunity in protection against mucosal HIV transmission was still in its infancy and
may represent a significant bottleneck to development of a preventative HIV vaccine.
Furthermore, recent safety concerns over the prematurely halted phase Ilb STEP tria of the
Merck adenovirus-5 vectored vaccine [82] emphasize that studies of innate and adaptive
mucosal immunity may be equally important in determining any potential enhancement of
infection following vaccination. Considerable gains could now be made with the development of
new technology to monitor the earliest events in mucosal infection and the application of a
focused approach to understanding the contribution of localized immune responses in prevention
and/or potential enhancement of localized mucosal HIV infection.. It was recognized that
acceleration of work in these areas would most likely to be met by the establishment of validated
and standardized mucosal assay platforms that could facilitate cross comparative NHP and
human studies, coupled with the development of innovative vaccine strategies specifically
targeted at inducing and maintaining protective mucosal immune responses at the portal of HIV
entry.

References

1) UNAIDS. 2006. AIDS Epidemic Update -2006.
http://www.unaids.org/en/HIV _data/epi2006

2) Wawer MJ, Gray RH, Sewankambo NK, et al. (2005) Rates of HIV-1 transmission per
coital act, by stage of HIV-1 infection, in Rakai, Uganda. J Infect Dis. 191:1403-1409.

3) Pope, M., Haase AT (2003) Transmission, acute HIV-1 infection and the quest for
strategiesto prevent infection. Nature. Med. 9: 847-852.

4) Lackner AA, Veazey, RS (2007) Current concepts in AIDS pathogesis: insights from the
SlV/macaque model Annual Rev. Med. 58: 461-476.

5) Reynolds SJ, Risbud AR, Shepherd ME, et al. (2003) Recent herpes simplex virus type 2
infection and the risk of human immunodeficiency virus type 1 acquisition in India. J
Infect Dis. 187: 1513-1521.

6) Galvin SR, Cohen MS. (2004) The role of sexualy transmitted diseases in HIV
transmission. Nat Rev Microbiol 2:33-42.

7) Zhang L, He T, Talal A, Wang G, Frankel SS, Ho DD. (1998) In vivo distribution of the

11



human immunodeficiency virus/simian immunodeficiency virus coreceptors. CXCR4,
CCR3, and CCR5. JVirol 72: 5035-5045.

8) Patterson BK, Landay A, Andersson J, Brown C, Behbahani H, et al. (1998) Repertoire
of chemokine receptor expression in the female genital tract: implications for human
immunodeficiency virus transmission. Am J Pathol 153: 481-490.

9) Miller CJ, Shattock RJ. (2003) Target cellsin vaginal HIV transmission. Microbes Infect.
5: 59-67.

10) Shattock RJ, Moore JP. (2003) Inhibiting sexual transmission of HIV-1 infection. Nat
Rev Microbiol. 1: 25-34.

11) Bomsel M. (1997) Transcytosis of infectious human immunodeficiency virus across a
tight human epithelial cell line barrier. Nat Med 3: 42-47.

12) Tan X, Philips D. (1996) Cell-mediated infection of cervix derived epithelial cells with
primary isolates of human immunodeficiency virus. Arch Virol. 141, 1177-1189.

13) Geljtenbeek TB, Kwon DS, Torensma R, van Vliet SJ, van Duijnhoven GC, et al. (2000)
DC-SIGN, a dendritic cell-specific HIV-1-binding protein that enhances trans-infection
of T cells. Cell 100: 587-597.

14) Pope M. (1999) Mucosal dendritic cells and immunodeficiency viruses. J Infect Dis 179:
$A427-430.

15) Van't Wout A, Kootstra N, Mulder-Kampinga G, Lent N, Scherpbier H, et al. (1994)
Macrophage-tropic varients initiate human immunodeficiency virus type-1 infection after
sexual, parenteral and vertical transmission. J Clin Invest 94. 2060-2067.

16) Margolis L, Shattock R, (2006) Selective transmission of CCR5-utilizing HIV-1: the
Gatekeeper problem resolved. Nat Rev Microbiol. 4:312-7.

17) Derdeyn CA, Decker IM, Bibollet-Ruche F, et a. (2004) Envelope-constrained
neutralization-sensitive HIV-1 after heterosexual transmission. Science 303:2019-2022.

18) Frost SD, Liu Y, Pond SL, et a. (2005) Characterization of human immunodeficiency
virus type 1 (HIV-1) envelope variation and neutralizing antibody responses during
transmission of HIV-1 subtype B. JVirol. 279: 6523-6527.

19) Chohan B, Lang D, Sagar M, et al. (2005) Selection for human immunodeficiency virus
type 1 envelope glycosylation variants with shorter V1-V2 loop sequences occurs during
transmission of certain genetic subtypes and may impact viral RNA levels. J Virol. 79:
6528-6531.

20) Bounou S, Giguere JF, Cantin R, Gilbert C, Imbeault M, et al. (2004) The importance of
virus-associated host ICAM-1 in human immunodeficiency virus type 1 dissemination
depends on the cellular context. FASEB J. 18: 1294-6.

21) Hioe CE, Chien PC Jr, Lu C, Springer TA, Wang XH, Bandres J, Tuen M. (2001) LFA-1
expression on target cells promotes human immunodeficiency virus type 1 infection and
transmission. JVirol. 75:1077-82.

22) Liao Z, Roos JW, Hildreth JE. (2000) Increased infectivity of HIV type 1 particles bound
to cell surface and solid-phase ICAM-1 and VCAM-1 through acquired adhesion
molecules LFA-1 and VLA-4. AIDS Res Hum Retroviruses. 16: 355-66.

23)Hioe CE, Bastiani L, Hildreth JE, Zolla-Pazner S. (1998) Role of cellular adhesion
molecules in HIV type 1 infection and their impact on virus neutralization. AIDS Res
Hum Retroviruses. 14: S247-54.

24) Little SJ, McLean AR, Spina CA , Richman, DD Havlir DV (1999) Viral Dynamics of

12


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15208262&query_hl=6&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=10716373&query_hl=6&itool=pubmed_DocSum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=9814951&query_hl=6&itool=pubmed_DocSum

Acute HIV-1 Infection. J. Exp. Med. 190: 841-850.

25) Greenhead P, Hayes P, Watts PS, Laing KG, Griffin GE, Shattock RJ. (2000) Parameters
of human immunodeficiency virus infection of human cervical tissue and inhibition by
vaginal virucides. JVirol 74: 5577-5586.

26) Hladik F, Sakchalathorn P, Ballweber L, Lentz G, Fiakow M, et al. (2007) Initial events
in establishing vaginal entry and infection by human immunodeficiency virus type-1.
Immunity 26:257-270.

27)Li Q, Duan L, Estes JD, Ma ZM, Rourke T, et al. (2005) Peak SIV replication in resting
memory CD4+ T cells depletes gut lamina propria CD4+ T cells. Nature. 434. 1148-
1152.

28) Guadalupe M, Reay E, Sankaran S, Prindiville T, Flamm J, et al. (2003) CD4+ T-cell
depletion in gut lymphoid tissue during primary human immunodeficiency virus type 1
infection and substantial delay in restoration following highly active antiretrovira
therapy. JVirol. 77: 11708-11717.

29) Seth A, Ourmanov |, Schmitz JE, Kuroda MJ, Lifton MA, et al. (2000) Immunization
with a modified vaccinia virus expressing simian immunodeficiency virus (SIV) Gag-Pol
primes for an anamnestic Gag-specific cytotoxic T-lymphocyte response and is
associated with reduction of viremia after SIV challenge. J Virol. 74:2502-25009.

30) Trkola A, Kuster H, Leemann C, Oxenius A, Fagard C, et al. (2004) Humoral immunity
to HIV-1: kinetics of antibody responses in chronic infection reflects capacity of immune
system to improve viral set point. Blood. 104:1784-1792.

31) Grossman Z, Meier-Schellersheim M, Paul WE, Picker LJ. (2006) Pathogenesis of HIV
infection: what the virus spares is as important as what it destroys. Nature Med 12: 289 -
295.

32) Mestecky J, Jackson S, Moldoveanu Z, Neshit LR, Kulhavy R, et al. (2004) Paucity of
antigen-specific IgA responses in sera and external secretions of HIV-type 1-infected
individuals. AIDS Res Hum Retroviruses 20:972-988.

33) Chase AJ, Sedaghat AR, German JR, Gama L, Zink MC, et al. (2007) Severe Depletion
of CD4+CD25+ Regulatory T Cells from the Intestinal Lamina Propria but not Peripheral
Blood or Lymph Nodes During Acute SIV Infection. J Virol Sep 12; [Epub ahead of
print]

34) Chougnet CA, Shearer GM. (2007) Regulatory T cells (Treg) and HIV/AIDS. summary
of the September 7-8, 2006 workshop AIDS Res Hum Retroviruses. 23:945-952.

35)Day CL, Kaufmann DE, Kiepiela P, Brown JA, Moodley ES, et al. (2006) PD-1
expression on HIV-specific T cells is associated with T-cell exhaustion and disease
progression. Nature 443:350-354.

36) Gasper-Smith, N, Whitesides, J-, Mensali N, Ottinger, JS, Plonk SG, et al. (2007)
PlasmaFas LLigand, TNFR2 and TRAIL levels are elevated during the time of viral load
ramp-up in acute HIV-1 infection Abstract P01-01 AIDS VACCINE 2007 Seattle WA,
August 20, 2007.

37) Brenchley, M, Price, DA, Schacker, TW, Asher, TE, Silvestri, G, et al. (2006) Microbial
tranglocation is a cause of systemic immune activation in chronic HIV infection. Nature
Med. 12: 1365-1371

38) Haynes BF. (2006) Gut microbes out of control in HIV infection. Nature Med. 12:
1351-1352.

13



39) Mora JR. (2007) Homing imprinting and immunomodulation in the gut: Role of dendritic
cells and retinoids. Inflamm Bowel Dis 13:1-15

40) Johansson-Lindbom B, Agace WW. (2007) Generation of gut-homing T cells and their
localization to the small intestinal mucosa. Immunol Rev. 215:226-42.

41) McGhee JR, Kunisawa J, Kiyono H. (2007) Gut lymphocyte migration: we are halfway
'home’. Trends Immunol 28:150-153.

42) Sami M, Jalkanen S. (2005) Lymphocyte homing to the gut: attraction, adhesion, and
commitment. Immunol Rev 206:100-113.

43) Walker BD. (2007) Elite Control of HIV Infection: Implications for Vaccines and
Treatment. Top HIV Med 15:134-136.

44) McMichael AJ. (2006) HIV vaccines. Annu Rev Immunol 24:227-255.

45) Mashishi T, Gray CM. (2002) The ELISPOT assay: an easily transferable method for
measuring cellular responses and identifying T cell epitopes. Clin Chem Lab Med
40:903-910.

46) Emu B, Sinclair E, Favre D, Moretto WJ, Hsue P, et al. (2005) Phenotypic, functional,
and kinetic parameters associated with apparent T-cell control of human
immunodeficiency virus replication in individuals with and without antiretroviral
treatment. JVirol 79:14169-14178.

47) Shacklett BL, Yang O, Hausner MA, Elliott J, Hultin L, et al. (2003) Optimization of
methods to assess human mucosal T-cell responses to HIV infection. J Immunol Methods
279:17-31.

48) Chen DS, Davis MM. (2006) Molecular and functional analysis using live cell
microarrays. Curr Opin Chem Biol 10:28-34.

49) Situma C, Hashimoto M, Soper SA. (2006) Merging microfluidics with microarray-based
bioassays. Biomol Eng 23:213-231.

50) Tang S, Zhao J, Storhoff JJ, Norris PJ, Little RF, et al. (2007) Nanoparticle-Based
Biobarcode Amplification Assay (BCA) for Sensitive and Early Detection of Human
Immunodeficiency Type 1 Capsid (p24) Antigen. J Acquir Immune Defic Syndr Aug
9;Publish Ahead of Print [Epub ahead of print]

51) Dias D, Van Doren J, Schlottmann S, Kelly S, Puchalski D, et al. (2005) Optimization
and validation of a multiplexed luminex assay to quantify antibodies to neutralizing
epitopes on human papillomaviruses 6, 11, 16, and 18. Clin Diagn Lab Immunol. 12:959-
9609.

52) Alam SM, McAdams M, Boren D, Rak M, Scearce RM, et al. (2007) The role of
antibody polyspecificity and lipid reactivity in binding of broadly neutralizing anti-HIV-1
envelope human monoclona antibodies 2F5 and 4E10 to glycoprotein 41 membrane
proximal envelope epitopes. J Immunol 178:4424-4435.

53) Cooper MA, Dultsev FN, Minson T, Ostanin VP, Abell C, Klenerman D. (2001) Direct
and sensitive detection of a human virus by rupture event scanning. Nature Biotec
19;833-837

54) Yu JS, Liao HX, Gerdon AE, Huffman B, Scearce RM, et al. (2006) Detection of Ebola
virus envelope using monoclona and polyclonal antibodies in ELISA, surface plasmon
resonance and a quartz crystal microbalance immunosensor. J Virol Methods 137:219-
228.

55) Neutra MR, Kozlowski PA. (2006) Mucosal vaccines: the promise and the challenge. Nat

14



Rev Immunol 6:148-158.

56) Campbell EM, Perez O, Melar M, Hope TJ. (2007) Labeling HIV-1 virions with two
fluorescent proteins allows identification of virions that have productively entered the
target cell. Virology. 360:286-93.

57) Turville SG, Aravantinou M, Stoseel H, Romani N, Robbiani M. (2007) Resolution of de
novo HIV production and trafficking in immature dendritic cells. Nat Methods (Epub,
ahead of print) PMID: 18059278

58) Swirski FK, Berger CR, Figueiredo J., Mempel TR, von Andrian UH, Pittet MJ,
Weissleder R. (2007) A near-infrared cell tracker reagent for multiscopic in vivo imaging
and quantification of leukocyte immune responses. PLoS ONE. 2:€1075.

59) Millington OR, Zinselmeyer BH, Brewer JM, Garside P, Rush CM. (2007) Lymphocyte
tracking and interactions in secondary lymphoid organs. Inflamm Res. 56:391-401.

60) Mascola JR, Stiegler G, VanCott TC, Katinger H, Carpenter CB, et al. (2000) Protection
of macaques against vaginal transmission of a pathogenic HIV-1/SIV chimeric virus by
passive infusion of neutralizing antibodies. Nature Med. 6:207-210.

61) Hessell AJ, Hangartner L, Hunter M, Havenith CE, Beurskens FJ, et al. (2007) Fc
receptor but not complement binding is important in antibody protection against HIV.
Nature 449:101-104.

62) Mascola JR. (2007) HIV/AIDS: alied responses. Nature. 449:29-30

63) Huber M, Trkola A. (2007) Humora immunity to HIV-1: neutralization and beyond. J
Intern Med 262:5-25.

64) Arvin AM, Greenberg HB. (2006) New viral vaccines. Virology 344:240-249.

65) Medzhitov R, Janeway CA (1998) Self-defense: the fruit fly style. Proc Natl Acad Sci
USA 95:429-430.

66) Akira S, Uematsu S, Takeuchi O (2006) Pathogen recognition and innate immunity. Cell
124:783-801.

67) Beutler B, Jiang Z, Georgel P, Crozat B, Croker B, et al. (2006) Genetic analysis of host
resistance: Toll-like receptor signaling and immunity at large. Annu Rev Immunol
24:353-89.

68) Steinman RM (2006) Linking innate to adaptive immunity through dendritic cells.
Novartis Foundation symposium 279:101-109.

69) Pulendran B, Ahmed R (2006) Trandating innate immunity into immunological memory:
implications for vaccine development. Cell 124:849-863.

70)van Vliet SJ, Dunnen J, Gringhuis SI, Geijtenbeek TB, van Kooyk Y (2007) Innate
signaling and regulation of Dendritic cell immunity. Curr Opin Immunol. 19:435-440.

71) Fritz JH, Ferrero RL, Philpott DJ, Girardin SE (2006) Nod-like proteins in immunity,
inflammation and disease. Nature Immunol 7:1250-1257.

72) Saito T, Gale M (2007) Principles of intracellular viral recognition. Curr Opin Immunol
19:17-23.

73) Aderem A (2007) Systems biology. Curr Opin Biotechnol. Aug 1; [Epub ahead of print]

74) Wille-Reece U, Flynn BJ, Lore K, Koup RA, Miles AP et a (2006) Toll-like receptor
agonists influence the magnitude and quality of memory T cell responses after prime-
boost immunization in nonhuman primates. J Exp Med 203:1249-1258.

75) Guy B (2007) The perfect mix: recent progress in adjuvant research. Nat Rev Microbiol.
5:505-517.

15



76) Querec T, Bennouna S, Alkan S, Laouar Y, Gorden K et a (2006) Yellow fever vaccine
YF-17D activates multiple dendritic cell subsets via TLR2, 7, 8, and 9 to stimulate
polyvaent immunity. J Exp Med 203:413-424.

77) Gavin AL, Hoebe K, Duong B, Ota T, Martin C et a. (2006) Adjuvant-enhanced
antibody responses in the absence of toll-like receptor signaling. Science 314:1936-1938.

78) Kalinski P, Nakamura Y, Watchmaker P, Giermasz A, Muthuswamy R et al. (2006)
Helper roles of NK and CD8+ T cells in the induction of tumor immunity. Polarized
dendritic cells as cancer vaccines. Immunol Res. 36:137-146.

79) Fujii S, Shimizu K, Smith C, Bonifaz L, Steinman RM (2003) Activation of natural killer
T cells by apha-galactosylceramide rapidly induces the full maturation of dendritic cells
in vivo and thereby acts as an adjuvant for combined CD4 and CD8 T cell immunity to a
coadministered protein. J Exp Med. 198:267-279.

80) Moser B, Eberl, M (2007) gammadelta T cells: novel initiators of adaptive immunity.
Immunol Rev. 215:89-102.

81) Pido-Lopez J, Whittall T, Wang Y, Bergmeier LA, Babaahmady K et al. (2007)
Stimulation of cell surface CCR5 and CD40 molecules by their ligands or by HSP70 up-
regulates APOBEC3G expression in CD4(+) T cells and dendritic cells. J Immunol.
178(3):1671-1679.

82) http://www.hvtn.org/pdf/FINAL_HIV_Vaccine Press Release.pdf

16



