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Chapter 1.
A New Disease



Learning from patients: 1981

* 19 year old male transferred to MGH
Previously well

— Profound weight loss
— TB in sputum, on Rx
— Acute change in mental status
* Presumptive diagnosis on transfer:
— Pulmonary TB with TB meningitis



Diagnhoses

* Brain:

— No TB

— Mass lesion: lymphoma
* Lung:

— No TB

— Multiple mass lesions : Kaposi’s sarcoma and
pneumocystis pneumonia

e Abdomen:
— No TB
— Multiple masses: Kaposi’s sarcoma
— Disseminated CMV infection of the colon



Chip Schooley
and Marty Hirsch,
ca. 1984
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HIV is an infection of the immune system
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HIV-specific CD8* T cells
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in seropositive individuals

Bruce D. Walker*, Sekhar Chakrabartit,

Bernard MossT, Timothy J. Paradis*, Theresa Flynn*,

Amy G. Durno*, Richard S. Blumberg*,
Joan C. Kaplan*, Martin S. Hirsch*
& Robert T. Schooley*

* Infectious Disease Unit, Massachusetts General Hospital and
Harvard Medical School, Boston, Massachusetts 02114, USA

T Laboratory of Viral Diseases, National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda,
Maryland 20892, USA

AIDS virus-specific cytotoxic
T lymphocytes in lung disorders

Fernando Plata™, Brigitte Autrant,

Livia Pedroza Martins*, Simon Wain-Hobson*,
Martine Raphaél7, Charles Mayaudi,

Michel Denisi, Jean-Marc Guilloni

& Patrice Debrét

* Laboratoire de Biologie et d’Immunologic Moléculaires des
Rétrovirus, Institut Pasteur, 75724 Paris Cédex 15, France

t Laboratoire d’Immunologie Cellulaire et Tissulaire,

Hopital Pitié-Salpétriére, 75013 Paris, France

i Service de Pneumologie, Hopital Tenon, 75010 Paris, France

Nature 328:345, 1987
Nature 328:348, 1987



Chapter 2.
Outliers
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tion in Si(10Q) has intriguing consequenc-  metastable structures that may have a va-
es. Besides providing a logical pathway riety of sizes.

from adatom adsorption and diffusion to

growth of islands, these chain structures REFERENCES AND NOTES

and their prevalence suggest that the
smallest and most obvious stable structure

1. For areview and an extended list of raferences, ses
Z. Zhang and M. G. Lagally, Science 276, 37/

on the surface, the ad-dimer residing on (1997,
top of the dimer rows, does not participate 2. Y.-W. Mo and M. G. Lagally, Surf Sci. 248, 313
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HIV-Specific CD4+ T cell Responses
following treatment in acute infection

Acute treatment
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Immune control:
Early treatment of acute HIV infection
followed by treatment interruption
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Immune control of HIV-1 after early
treatment of acute infection

Eric S. Rosenberg, Marcus Altfeld, Samuel H. Poon, Mary N. Phillips,
Barbara M. Wilkes, Robert L. Eldridge, Gregory K. Robbins,
Richard T. D’Aquila, Philip J. R. Goulder & Bruce D. Walker

Partners AIDS Research Center and Infectious Disease Division,
Massachusetts General Hospital and Harvard Medical School, Boston,

Massachusetts 02114, USA

Nature 2000
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Chapter 3.
Insights from a raging epidemic
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Emerging evidence from Africa
of the importance of HIV-specific CTL

* Transmission of CTL escape variants to neonates
— Goulder et al, Nature 2001

* Impact of HLA-B alleles on immune control
— Kiepiela et al, Nature 2004

 PD-1 expression and HIV-specific T cell
exhaustion
— Day et al, Nature 2006

* Importance of Gag-specific T cell responses and
control
— Kiepiela et al, Nature Medicine 2007



The breadth of the Gag-specific CD8 response
IS assoclated with lower viral load
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The breadth of the Env-specific CD8 response
IS assoclated with higher viral load

=0.0163
B O or2 ENV
| ' p=0.0155
5 | | p=0.0456
10" 7 ' A vy \
\Y
AA v
AAA v
A A oo¥ . 5 220,000
ﬁ@%ﬁﬁﬁ vvv <><><><> /
VA v &
2 s ¥ T p<0.0001
9 AR IAD VvyyV
= %ﬁﬁ v¥vyY oo ©
= 4 ﬁﬁﬁ%AA v ©
> 1" B VovV
A R °
AﬁAAA VgV o
29,000 ’
7 AAAﬁi vv O
it
200 e vV o
1 2 3 >3

Number of Env responses

Kiepiela et al, Nature Medicine 2007



Chapter 4.
A late night conversation
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The International HIV Controllers Study

Search the Site

The International L e ——

MEMBER M.

HIV Controllers Stud e,

About HIV =
Controllers ) - A The goal of the International

HIV Controllers Study is to
help scientists understand
why some people are able to
—— control HIV infection without

the Study ! €Y Are you HIV positive with a the need to take any

) . low viral load, without o o~
For Health ) - ¢ medications? You could help medications. These findings
Professionals &y (ga us better understand HIV. could assist in the

Consider enrolling in our
study. development of vaccines and

new therapies.

%:.a =

© 2008 The International HIV Controllers Study

Partners AIDS Research Center « 149 13th Street, Room 5224 + Charlestown, MA 02129
617-726-5536 / 617-643-3643 . elltecontrollerstudy@partners.org

Admin Login

www.hivcontrollers.org



Genome-W

ide Association Study:

HIV control is associated with chromosome 6 polymorphisms

12

10 -

-log 10 of P value

974 controllers and 2648 progressors

! 313 SNPs in HLA reach p<5x10%
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Chromosome

Pereyra et al, Science, 2010



The Major Genetic Determinants
of HIV-1 Control Affect HLA Class |
Peptide Presentation

The International HIV Controllers Study*t

Pereyra et al, Science, 2010



Chapter 5.
Science and Social Good



Female HIV Prevalence by Age:
KwaZulu Natal

Annual Incidence: 9.1%
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Abdool Karim Q, et al. Science 2010;
Kharsany AB, et al. JAIDS 2015; 70(3): 289-95



FRESH Study (2012-Present);
Females Rising through Education, Support and Health

Goals: 1. HIV prevention and poverty reduction
2. Immunology of hyperacute infection

http://www.ragoninstitute.org/international/fresh/



RNA copies/ml plasma

Learning from patients:

Hyperacute HIV Infection

!

<« Weeks

-> €

One Year —>

Set point viremia
predicts disease
outcome
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Video linked in this article:

https://www.massgeneral.org/News/pressrelease.aspx?id=2290



https://www.massgeneral.org/News/pressrelease.aspx?id=2290

FRESH Study

e Subjects:

— Uninfected 18-23 year old women at high risk of HIV
infection in an impoverished township

e Methods:

— Provide a twice weekly empowerment, life skills, job
readiness and HIV prevention education with the goal of
employment after one year

— Test twice weekly for HIV RNA by finger prick
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Kinetics of Hyperacute HIV

Infection
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Massive HIV-specific T cell activation
In acute HIV infection
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Early treatment leads to
enhanced HIV-specific CD8* T cell function
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Robust CD4* T cell responses in
treated acute HIV infection
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HIV Gagp24 staining of a LN
tissue from an early treated
subject
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Chapter 6.
Stock Markets and Social Networks






“A successful vaccine must do better
than natural immunity to HIV”

Viral Load

CD4* T Cell Count

RNA copies/ml plasma

€ Weeks > € Years >



“A successful vaccine must do as well
as the best natural immunity to HIV”

RNA particles/ml plasma
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Measures of conservation:
Sequence analysis

Based on available sequence data

Measures mutability of single amino acids

Does not incorporate amino acid interactions or protein structure
Does not correlate with fitness



Can we identify a subset of conserved residues
that incur a maximal viral fitness cost?

ALL HIV RESIDUES




Can we identify a subset of conserved residues
that incur a maximal viral fitness cost?

ALL HIV RESIDUES




Measures of conservation:
Fitness Landscapes

? ? ? ? ? j/ ? ? 7 ?

o0 0 0006 (0 0Oe

Based on available sequence data

Employs analysis tools used in the stock market

Measures interdependence of amino acid mutations
Suggests structural features are linked to fitness (Gag Capsid)

Dahriel et al, PNAS 2011
Ferguson et al, Immunity 2013



What can we learn from protein
structure?

Structure-based Network Analysis
(Think social networks)



{

Gaurav Gaiha, MD, PhD Elizabeth Rossin, MD, PhD



Amino acid properties affect protein folding

H HN CH,
+H3N—C||—COO' +H3N—(%—COO
H H

Glycine Tryptophan
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Amino acid side chains influence structure

0000000 (O 0060

l Covalent bonds

O

Intermolecular bonds



Proteins act as networks

Provides LOCAL and GLOBAL insight by
transforming the system to NODES and EDGES

NODE = Amino Acid
EDGE = Intermolecular Interaction



Structure-based Network Analysis

Structural Representation

INPUT: 3-dimensional atomic
level data from PDB file



Concepts from Network Theory
— Degree Centrality

A measure of LOCAL Importance — # of Connections

Greater size = greater magnitude



Concepts from Network Theory—

Betweenness Centrality
A measure of GLOBAL Importance — Involvement in Bridges

Greater size = greater magnitude



Consortia for HIV/AIDS Vaccine Development (CHAVD)
RFA-AI-18-001

The purpose of this Funding Opportunity Announcement (FOA) is to solicit
grant applications that propose to establish Consortia for HIV/AIDS Vaccine
Development (CHAVD) to support a coordinated, multidisciplinary team(s) of
researchers focused on iterative approaches to accelerate HIV vaccine
development by addressing key immunogen design roadblocks to the discovery

and development of a safe and effective antibody-mediated preventive HIV
vaccine.

The following activities will NOT be supported by this FOA:

* Vaccine protection where the major mechanism of protection is not antibody-
mediated



High-Risk and Advanced Melanoma: Expert and Community Practice Perspectives

oy G CLINICAL CARE OPTIC
clinicaloptions.com/oncology ONCOIL

T cell-directed therapy in Melanoma

Screenin Week 12: swelling & progression Week 14: improved

Week 108: complete remissior




Conclusions

* Durable natural immune control and possibly cure of HIV is
achievable

* Durable immune control is mediated by CTL targeting of
highly networked epitopes, providing a rational approach for
HIV immunogen design

* Immediate treatment of hyperacute infection leads to
induction of HIV-specific CD4 and CD8 T cells with enhanced
function, and provides an ideal model for iterative
immunotherapeutic intervention studies
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