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1 Early establishment of pool of
latently infected cells

2 Impairment of specific anti-HIV
Immune responses

3 Persistent Iimmunoactivation (gut
damage)

4 Lymphoid tissue disruption

5 ...



Definition of acute HIV-1 infection
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Timing of pathogenic mechanisms involved in

the establishment of persistent infection (i)
activated Replication-Competent Noninduced

cD cells Proviruses in the Latent Reservoir
Increase Barrier to HIV-1 Cure
Ya-Chi Ho,! Liang Shan,'-* Nina N. Hosmane," Jeffrey Wang,? Sarah B. Laskey,' Daniel I.S. Rosenbloom,® Jun Lai,’

CD4+ T cells\

Joel N. Blankson,' Janet D. Siliciano,' and Robert F. Siliciano™#."
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Rapid recruitment of @9

activated CD4* T cells - ..

@ The identification

A/
A

of replication-competent noninduced proviruses in-
dicates that the size of the latent reservoir—and,
hence, the bamier to cure—may be up to 60-fold
greater than previously estimated.

Pool of HIV latently infected cells Cell 155, 540-551, October 24, 2013
containing replication competent virus



HIV infection and reactivation of CD4+ T Cells

Cocktail of latency antagonists
PKC activator
HDAC inhibitor
Methylation inhibitor
Others?
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Figure 1. HIV-1 Infection and Reactivation of CD4" T Cells

HIV-1 infects activated CD4"' T cells, which have increased nucleotide pools, cytokines, and transcription factors compared to nonactivated cells. Most of these
infected cells die due to cytopathic effects of the virus or lysis by HIV-specific CTLs. Cells that revert back to aresting memory T cell survive and may undergo
homeostatic proliferation. Upon initiation of ART, these latently infected cells persist However, treatment of these cells with reactivating agents causes the cells
to actively produce virus and ultimately leads to either spontaneous cell death or death through immune system clearance.

Cell 155, October 24, 2013 @2013 Elsevier Inc.



Contribution of T cell subset to HIV reservoir

Eclipse Fiebig Il Fiebig IV-V
Phase s e infection

HIV Reservoir
(T cell subsets)

10 20 30 40 100

Days after HIV infection
Fig. 2. Schematic representation of the HIV acute infection and the contribution of each Tcell subset to the establishment of the HIV reservoir. Early treatment during Fiebig
stages I-1Il may limit the number of infected cells and protect Toy cells from infection. Treatment during Fiebig stages IV-V may decrease the contribution of long-lived Ty
and Tey cells to the reservoir due to low relative abundance of these cell subsets. Frequency of Ty normalizes during chronic infection increasing the contribution of these

cells to the reservoir.

C.P Passaes, A. Sdez-Cirion [/ Virology 454-455 (2014) 340-352
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2 Impairment of specific anti-HIV
Immune responses



Timing of pathogenic mechanisms involved in
the establishment of persistent infection (ii)

HIV preferentially infects HIV-specific

CD4™ T cells

Daniel C. Douek*t, Jason M. Brenchley i, Michael R. Betts®,
David R. Ambrozak*, Brenna J. Hill*, Yukari Okamoto*,
Joseph P. Casazza$, Janaki Kuruppu*, Kevin Kunstmanl||,

Steven Wolinsky||, Zvi Grossman , Mark Dybuls, Annette Oxenius--

David A. Pricesr, Mark Connors# & Richard A. Koup*
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Potential diversity
of HIV reactive CD8+ T cell clones
(HLA ! Epitope / TCR)

Preferential expansion of certain
HIV specific CD8+ T cell populations

=> Control of viral replication

Clonal exhaustion of important
HIV specific CD8+ T cell populations

=> HIV disease progression

Vo Appay et al § Experimental Gerontology 42 (2007 ) 432437

Upregulation of CTLA-4 by HIV-specific CD4* T cells
correlates with disease progression and defines a
reversible immune dysfunction

Daniel E Kaufmann'”’, Daniel G Kavanagh'”, Florencia Pereyra'?, John ] Zaunders®, Elizabeth W Mackey',
Toshiyuki Miura'4, Sarah Palmer®, Mark Brockman!?, Almas Rathod', Alicja Piechocka-Trochal*,

Brett Baker', Baogong Zhu®, Sylvie Le Gall', Michael T Waring"*, Ryan Ahern', Kristin Moss',

Anthony D Kelleher?, John M Coffin®, Gordon ] Freeman®, Eric $ Rosenberg! & Bruce D Walker'

WOLUME B MUMBEE 11 MOWEMBEE 2007 HMATURE MM MUMNOLOGY

Programmed Death 1 Expression on HIV-Specific CD4™ T
Cells Is Driven by Viral Replication and Associated with T
Cell Dysfunction'

Michelle D*Souza,* Andrew P'. Fontenot,*' Doug G. Mack,* Catherine Lozupone,’
Stephanie Dillon,* Amie Meditz.* Cara C. Wilson.*" Elizabeth Connick,*
and Brent E. Palmer®*

The Journal of Immunology, 2007, 179: 1979-1987.



Early T cell selection of virus escape mutations in

acute HIV-1 infection
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3 Persistent Iimmunoactivation (gut
damage)



The intestinal epithelium during primary

HIV infection
Decreased IgA
ecretory IgA production
>

Loss of tight
junctions

Increased TNF p-
production
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failed ionic balance HIV infection
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NATURE REVIEWS | MICROBIOLOGY VOLUME 10 | SEPTEMBER 2012
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4 Lymphoid tissue disruption
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Structure and function of lymphoid tissues

Lymphoid tissue structure and HIV-1
infection: life or death for T cells

Ming Zeng', Ashley T. Haase' and Timothy W. Schacker?

(a) Germinal center (b)

T cell zone Thickened fibrous capsule T cell zone

Subcapsular

. Subcapsular
sinus P

T cell zonea

TRENDS in Immunology

Trends in mmunology Juna 2012, Vol. 33, Mo, &



Cumulative mechanisms of lymphoid tissue
fibrosis and T cell depletion in HIV-1
and SV infections

Ming Zeng,! Anthony J. Smith,! Stephen W. Wietgrefe,! Peter J. Southern,! Timothy W. Schacker,2
Cavan S. Reilly,® Jacob D. Estes,? Gregory F. Burton,® Guido Silvestri, Jeffrey D. Lifson,?

John V. Carlis,” and Ashley T. Haase!
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Structure and function of lymphoid tissues

Lymphoid tissue structure and HIV-1
infection: life or death for T cells

Ming Zeng', Ashley T. Haase' and Timothy W. Schacker?
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(d) Chronic immune activation Activation-induced cell death
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Treg cell response —» Collagen deposition
TGFp1 (cumulative)
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Inadequate T follicular cell help impairs B cell immunity
during HIV infection

Rafael A Cubas!, Joseph C Mudd?, Anne-Laure Savoye?, Matthieu Perreau?, Julien van Grevenynghe!,
Talibah Metcalf!, Elizabeth Connick?®, Amie Meditz?, Gordon ] Freeman®, Guillermo Abesada-Terk Jr®,
Jeffrey M Jacobson”, Ari D Brooks®, Shane Crotty™'?, Jacob D Estes'!, Giuseppe Pantaleo?,
Michael M Lederman? & Elias K Haddad!

VOLUME 19 | NUMBER 4 | APRIL 2013 NATURE MEDICINE

Follicular helper T cells serve as the major
CD4 T cell compartment for HIV-1
infection, replication, and production
Matthieu Perreau,! Anne-Laure Savoye,! Elisa De Crignis,’

Jean-Marc Corpataux,’ Rafael Cubas,® Elias K. Haddad,®

Laurence De Leval,? Cecilia Graziosi,! and Giuseppe Pantaleo'*
I Exp Med. 2013 Vol 210Noc 1 143-156

OPEN @ ACCESS Freely available online ‘@ PLOS | arHocens

Loss of Circulating CD4 T Cells with B Cell Helper
Function during Chronic HIV Infection

Kristin L. Boswell', Robert Paris'? Eli Boritz®, David Ambrozak’, Takuya Yamamoto', Sam Darko®,
Kaska Wloka', Adam Wheatley®, Sandeep Narpala®, Adrian McDermott?, Mario Roederer®,
Richard Haubrich®, Mark Connors’, Julie Ake?, Daniel C. Douek®, Jerome Kim?, Constantinos Petrovas'®,
Richard A. Koup'

January 2014 | Volume 10 | Issue 1 | e1003853



Therapeutic implications

B Does therapy work?
B On which patient?

B CD4 and VL as unique and
reliable parameters?

B Does combination of drugs
matter?



Therapeutic strategies (1)

Anti-inflammatory drugs HIV cure interventions

Phase 1 Sevelemer (anti-LPS), anti-PD1 antibody, = Histone deacetylase inhibitors (vorinostat,
anti-interleukin-6 antibodies, panobinostat, romidepsin), disulfiram,
anti-interferon-a antibodies, sirolimus interleukin 15, anti-PD1 antibody, sirolimus,

CCR5-modified T cells and stem cells, therapeutic
vaccines, neutralising antibodies

Phase 2 Treatment intensification (ART), statins, Interleukin 7
aspirin, COX-2 inhibitor, methotrexate,
chloroquine/hydroxychloroquine,
prebiotics/probiotics, bovine colostrum,
rifaximin, aciclovir/valaciclovir, ACE
inhibitors/ARBs (antifibrosis), mesalazine
(anti-LPS), interleukin 7

Phase 3 None None

LPS=lipopolysaccharide. ART=antiretroviral therapy. ACE=angiotensin-converting enzyme.
ARB=angiotensin-receptor blocker.

Table 2: Novel therapeutic drugs in development for management of HIV disease

www.thelancet.com Vol 382 November 2, 2013



Therapeutic strategies (i/)

Tools Aims

Current
Approaches

Eliminate cryptic
viral replication

Virological Approaches

Immunological Approaches

Treatment
oplimization
& intensification

Raltegravir
Maraviroc

Reversal of HIV latency

Drug-based Immune-based
anti-latency anti-latency
therapies therapies

HDAC inhibitors Cytokines:
HMT inhibitors IL-2, IL-7, IL-15, IL-21
DMT inhibitors Anti-PD-1

NF- kB activators

Enhance immune
control of HIV

Therapeutic
vaccination

DNA + Ad5
CMV-based vectors
DC-based vaccines

Combinatorial approaches

Curr HIV/AIDS Rep (2013) 10:33-41
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Immediate antiviral therapy appears to restrict resting
CD4™ cell HIV-1 infection without accelerating the

decay of latent infection

Nancie M. Archin®', Naveen K. Vaidya™“', JoAnn D. Kuruc®, Abigail L. Liberty®, Ann Wiegand®, Mary F. Kearney®,
Myron S. Cohen?, John M. Coffin®, Ronald J. Bosch’, Cynthia L. Gay?®, Joseph J. Eron?®, David M. Margolis®2,

and Alan S. Perelson™?
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Fig. 4. Comparison of low-level viremia (single-copy assay) and RCI fre-
quency in (A) acutely treated and (B) chronically treated HIV-1-infected

patients labeled A-L.
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OPEN @ ACCESS Freely available online @ PLOS | PATHOGENS

Post-Treatment HIV-1 Controllers with a Long-Term
Virological Remission after the Interruption of Early
Initiated Antiretroviral Therapy ANRS VISCONTI Study

Asier Saez-Cirion'*, Charline Bacchus?, Laurent Hocqueloux?®, Véronique Avettand-Fenoel*?,

Isabelle Girault®, Camille Lecuroux®, Valerie Potard”®, Pierre Versmisse', Adeline Melard®,

Thierry Prazuck®, Benjamin Descours?, Julien Guergnon?, Jean-Paul Viard®®, Faroudy Boufassa'?,
Olivier Lambotte® "', Cécile Goujard'®"", Laurence Meyer'%"'?, Dominique Costagliola”®'3, Alain Venet®,
Gianfranco Pancino', Brigitte Autran?, Christine Rouzioux®**, the ANRS VISCONTI Study Group'
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Post-Treatment HIV-1 Controllers with a Long-Term
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Table 1. Characteristics of PTC included in the study.

, Alain Venet®,

Fiebig Time on
Year of ART ART cART

Code Sex diagnostic PHI? initiation combination® (months)
OR1 M 1996 Sympt \ 2 NRTI 81

OR2 F 2001 Sympt Vv 3 NRTIHP1—3 NRTI24

OR3 F 1996 Sympt | 2 NRTI—2 NRTI+PI92

OR8 M 1998 Sympt n 2 NRTI+P1—3 NRTI60

KPV M 2001 Sympt Vv NNRTI+2 13

NRTI—3NRTI

GXR 5 1998 Sympt n 2 NRTI+PI 86

CXK M 1999 Asympt V 2 NRTI+PI 39

Mwp M 1999 Sympt Vv 2 NRTI+PI 12
JOGA F 2002 Sympt 2 NRTI+PI’ 17

ocp M 2002 Sympt Vv 2 NRTI+P1—3 NRTI31

LY1 M 2001 Sympt Il 2 NRTI+PI—3 NRTI23

LY2 M 2000 Asymp ' 3 NRTI 56

MO1 M 1999 Sympt  V 2 NRTI+PI—2 48

NRTI+NNRTI

SL2 M 1998 Sympt Vv 3 NRTIHPI—3NRTI 34
MEDIAN 1999 Vv 36.5
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Immunovirologic Control 24 Months
After Interruption of Antiretroviral Therapy
Initiated Close to HIV Seroconversion

Sara Lodi, PhD, MSc; Laurence Meyer, MD, PhD; Anthony D. Kelleher, PhD, MB; Magdalena Rosinska, PhD;

Jade Ghosn, MD, PhD); Mette Sannes, MLT; Kholoud Porter, PhD

COMMENT

Our findings confirm the existence of PTCs, although they
are rare. These individuals experienced virologic control
and high CD4" levels while not receiving treatment.
The proportion of the population estimated to be PTCs
at 24 months in our study (5.5%) is substantially lower
than that reported by Hocqueloux et al* (15.6%). This
difference can be explained by variations in study de-
sign. Their inclusion was restricted to individuals who
were not taking cART for at least 24 months, rather than
to all those at risk of losing their PTC status after cART
interruption. In this manner, individuals who remained
event free (ie, retained PTC status) for less than 24 months
were excluded from the risk set; therefore, a selection of

1.00+

0.75+

0.50+

0.25+

Proportion Virologically Controlled

0.00+

Time Since cART Interruption, y

Figure. Kaplan-Meier estimate of the proportion of patients maintaining
virologic control after interruption of short-course cART initiated within
3 months of HIV seroconversion. Loss of virologic control is defined as
experiencing at least 2 consecutive HIV RNA levels of more than 50
copies/mL or reinitiation of cART. cART indicates combined antiretroviral
therapy; and HIV, human immunodeficiency virus.
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A Randomized Open-Label Study of Three- versus Five-Drug Combination
Antiretroviral Therapy in Newly HIV-1 Infected Individuals
Martin Markowitz M.D.1‘, Teresa H. Evering M.D. M.S.1, Donald Garmon N.P.1,
Marina Caskey M.D.2, Melissa La Mar B.A.", Kristina Rodriguez M.P.H.", Vincent
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Conclusions: Intensified 5-drug cART initiated during early infection fails to
significantly further impact virologic or immunologic responses beyond those

achieved with standard 3-drug Pl-based cART.



Overcoming pharmacologic sanctuaries

Theodore J. Cory®, Timothy W. Schacker®, Mario Stevenson®, and Courtney
V. Fletcher®

Purpose of review

Current antiretroviral treatment regimens represent significant improvements in the management of HIV-1
infection; however, these regimens have not achieved a functional or sterilizing cure. One barrier to
achieving a cure may be suboptimal antiretroviral concentrations in sanctuary sites throughout the body,
including the central nervous system, gut-associated lymphoid fissue, lymph nodes, and tissue
macrophages. This review will focus on the problems associated with achieving effective concentrations
in these restricted sanctuary sites, and potential strategies to overcome these barriers.

Recent findings

Sufficient data exist to conclude that antiretroviral drug distribution is not uniform throughout the body.
Low tissue/reservoir concentrations may be associated with viral replication. Multiple means to increase
drug concentrations in sanctuary sites are being investigated, including modification of currently utilized
drugs, blockade of fransporters and enzymes that affect drug metabolism and pharmacokinetics, and
local drug adminisiration. Accumulating data suggest these methods increase antiretroviral concentrations
in reservoirs of viral replication. No method has yet resulted in the complete clearance of HIV.,

Summary

New sirategies for increasing antirefroviral concentrations in predominant sites of viral replication may
provide more effective means for elimination of viral sanctuaries. Additional research is necessary to
optimize antiretroviral tissue distribution in order to inhibit virus replication fully, and avoid resistance and
replenishment of viral reservoirs that may persist in the face of antiretroviral therapy.

Curr Opin HIV AIDS 2013, 8:190-195
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The Role of HIV Integration Sites in Extensive Clonal Expansion of

Infected Cells in Patients

Frank Maldarelli, Xiaolin Wu, Mary Keamey, Ling Su, Wei Shao, Shawn Hill Francesco Simonetti, Jon Spindler, John
Coffin, Stephen H. Hughes

DNA from PBMCs from 5 patients, randomly sheared, and linker-mediated PCR was used to amplify
integration site junctions, =2000 independent integration events revealed clonal expansion of HIV
infected cells

Integrations in the same onentation in a specific intron of two different genes (MKIL 2 and BACH?2),
were seen in independent clones (14 vs 12 different clones)

These data show that the expression of these genes must have been affected by these integrations
in ways that made a crtical contribution to the clonal expansion and/or persistence of the infected
cells. Both these genes have been linked to the control of cell growth and human cancers.

Proliferation of Cells With HIV Integrated Into Regulatory Genes Is a

Mechanism of Persistence
Thor A. Wagner, Sherry McLaughlin, Kavita Garg, Hannah Huang, Sheila Sfyrchak, James I. Mullins, Lisa M. Frenkel

538 integration sites were determined from DNA from PBMCs from 3 participants after ~2, ~6, and
~10 years of suppressive ART

The integration site recovered most frequently (32 times) was in MDC1, which has a known role in
cell cycle arrest and apoptosis. The only gene with HIV integrated into multiple sites and in muiltiple
(2 of 3) participants was BACH2, recently identified as a tumor suppressor.

These results strongly suggest that the specific gene disrupted by HIV integration may impact
cellular proliferation and survival, allowing proliferation and prolonged persistence of specific infected
cells.



The Role of HIV Integration Sites in Extensive Clonal Expansion of Infected Cells in Patients -
F. Maldarelli", X. Wu?, L. Su?, W. Shac?, S. Hill', F. Simonetti', J. Spindler’, M. Kearney', J. Coffin?, S. H. Hughes' QR :

'HIV Drug Resistance Program, Center for Cancer Research, National Cancer Institute, Frederick, MD; *Laboratory of Molecular Technology, Leidos Biomedical Research, Inc., Frederick National Laboratory, Frederick MD;

*Advanced Biomedical Computing Center, Information Systems Program, Leidos Biomed, FNL; *Department of Molecular Biology and Micrebiology, Tufts University Schoal of Medicine, Boston MA

Background

Despite succassful suppression of HIV by combination antiretroviral therapy (cART), infected cells
persist for many years in patients. Long-term control of viremia by cART raveals clonal viral ganomes
in the blood of most patients, implying clonal expansion of some HV-infected cells. The mechanisms
driving donal axpansion are unknown but are central to HIV persistence. To address this issue, we
determined the distribution of proviral integration sites in 5 patients on successful cART using a
specific and highly sansitive amplification strategy that yields large numbers of virus-host junctions,
identifies thair exact location, and measures the relative degree of clonal expansion.

Methodology

DNA was preparad from PBMCs from 5 patiants, randomly sheared, and linker-mediated PCR was
used to selectively amplify both the 5 and 3-LTR integration site junctions, whose sequences, as
wiell as those of the sheared breakpoints in the host DNA, were detarmined by lllumina paired-end
sequendng. Clonal axpansion of infacted cells was demonstrated by the presence of DNA fragments
with exactly the sama integration site and different host DNA breakpoints.

Results

Analysis of integration site libraries comprising >2000 independent integration events revealed
clonal expansion of HV-infected cells in all patients studied. In one patient, about half of the
infected PBMCs were derived from a single infected cell. Infected clones persistad in patients for

at least 11 years. Integrations in the same orientation in a specific intron of two different genes
(MKL2 and BACH2) were seen in independent clones from more than one patient. In one patient, we
detactad 669 unigue sites, of which 14 were in different expanded clones derived from independant
integration events in 2 single 3.5 kb intron of MKL2, and 12 were in a single intron of BACH2. These
data show that the expression of these genes must have baen affected by these integrations in ways
that made a aritical contribution to the donal expansion and/or persistence of the infected cells.
Both these genes have been linked to the control of call growth and human cancers. Other genes
assodated with call growth (2.0., PAK2, STATSB, and CYTH1) in which HIV DNA integration may have
contributed to clonal expansion and persistence, were also identified in mare than one patient.

Table 1. Patient Demographic Data
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Figure 1. A comparison of the pretherapy HIV-1 sequence diversity with
the dlvim!y after Ionq term cART in the five patients.
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Figure 2. Methods used to selectively amplify the host/virus DNA
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Figure 3. HIV-infected cells undergo clonal expansion.
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Figure 4. Genes with integrations in patients.
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Figure 6. Integrations in MKL2 in patient 1.
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Figure 7. Integrations in BACH2 in patient 1.
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Table 4. Genes with 23 HIV integrations that are associated with
clonal expansion.
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Conclusions

= There is extensive clonal expansion of HIV-infected cells in each of the first
5 patients we analyzed; in one patient a single clone represented
approximately half the infected cells in the blood.

» Clonally expanded cells can persist in patients for >11 years.

- In a substantial number of instances, the integration site plays an important
role in the clonal expansion and/or persistence of the clone.




Recurrent HIV-1 Integration at the BACH?2 Locus
in Resting CD4" T Cell Populations during Effective
Highly Active Antiretroviral Therapy

Terumasa lkeda, Junji Shibata, Kazuhisa Yoshimura, Atsushi Koito, and Shuze Matsushita
Division of Clinical Retrovirology and Infectious Dizeases, Center for AIDS Research, Kumamoto University, Kumamoto, Japan

The persistence of latent human immunodeficiency virus type 1 (HIV-1) has been considered one of the major
obstacles for eradication of the virus in infected individuals receiving successful antiretroviral therapy. To
determine the contribution of integration sites to viral latency within clinical settings, an inverse polymerase
chain reaction method was used to analyze integration sites in CD4" T cells from patients showing long-term
undetectable plasma viral RNA. Of 457 sites identified in 7 patients, almost all (96%) resided within tran-
scriptional units, usually in introns of the human genome. Studies of 18 genes in which HIV-1 integrates
found them to be actively expressed in resting CD4" T cells. On the other hand, integration sites in the «
satellite region was also identified in some patients, albeit at low frequency. Of particular interest, HIV-1—
infected cells with multiple identical integration sites were detected in longitudinal analysis of samples from
3 patients, suggesting that these cells persist for long periods and that clonal expansion may occur. Furthermore,
strong integration clusters in the BACH?2 gene were observed in 2 patients (31% in patient 1 and 5% in patient
3). Our findings not only raise the possibility of biased target-site integration but also provide mechanistic
insights into the long-term persistence of HIV-1.
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