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Mucosal Immunity and HIV Infection

Four key aspects:

1) Defense against HIV acquisition; implications for vaccine development
2) Maintenance of barrier integrity; limiting microbial translocation

3) Defense against other mucosal pathogens/STls

4) Continuous “battle” within tissues to control viral replication and
dissemination throughout chronic infection

Effector sites
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Shacklett B, Anton P, Curr Inf Dis Rep 2010




9/26/2018

Gut and Lymph Nodes Contain
Most of Viral Burden in HIV/SIV

Defining total-body AIDS-virus burden with implications
for curative strategies Gut: 62% of vVRNA pre-ART'
| 98% post-ART

el Hafertepe®,

Why does the immune
[ Spleen 0.28% . .
B Crain  0.38% system fail to clear virus
M Kidney 0.01% ) . 5
B Hoart  0.0002% from these tissues”
Olung 0.73%
O Liver  0.07%

Figure 1 Graphical representation of the proportion of vRNA* cells in each
organ system before and during suppressive ART.

Studies of Mucosal T-cell Function (UCSF Collaboration)

Thanks to:
Subject Group Definition

Early Infection 1-40 wks (median
8)

Controllers (C) VL <2,000
copies/mL

Viremic (V) VL >2,000
HAART-treated (Tx) <75
Seronegative (SN)

Paired blood and rectal biopsy samples
20 mL blood = 20-40 million PBMC

20-24 biopsies = 5-10 million lymphocytes

Poles and Anton, JVM 2001
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Mucosal immune responses to HIV-1 in elite controllers: a potential correlate of
immune control

April L. Ferre," Peter W. Hunt,2 J. William Critchfield," Delandy H. Young,' Megan M. Morris,’ Juan C. Garcia,®
Richard B. Pollard,* Hal F. Yee Jr,* Jeffrey N. Martin,® Steven G. Deeks,? and Barbara L. Shacklett'#

April Ferre, PhD

Cytokine flow cytometry:
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Ferre et al., Blood 2009;113:3978-3989

v. 2010, p. 11020-1102% WVal. 8, Na. 21
TVLO

HIV Controllers with HLA-DRB1*13 and HLA-DQB1*06 Alleles
Have Strong, Polyfunctional Mucosal CD4* T-Cell Responses™
April L. Ferre,' Peter W. Hunt,* Delandy H. McConnell,' Megan M. Morris,” Juan C. Garcia,?

Richard B. Pollard,” Hal F. Yee, Jr.,” Jeffrey N. Martin,®
Steven G. Decks,* and Barbara L. Shacklett*

Rectal

; W Controller W Non-Controller ®8 HAART = Controller ™ Non-Controller ™% HAART
Relative Gut n=28 n=14 Suppressed n=14 Suppressed
n=10 n=10

CD4+ T-cell
Preservation e IH .
In Controllers
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% CD4 Response
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Ferre et al., J Virol 2010 84:11020-11029
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BUT...Surprisingly, CD8+ T-cells from colorectal mucosa
contain abundant granzymes, yet little perforin

& e L
@ gy

" HIV+ Rectal Mucosa » HIV+ Rectal Mucosa
CcD8 CD8
Granzyme A Perforin
Overlay Overlay

Shacklett et al., J. Immunol. 2004

Perforin is not co-expressed with granzyme A within
cytotoxic granules in CD8 T lymphocytes present in
lymphoid tissue during chronic HIV infection

Jan Andersson®, Homira Behbahani®, Judy Lieberman®,
Elizabeth Connick’, Alan Landay®, Bruce Patterson®,
Anders Sonnerborg?, Karin Loré®, Stefania Uccini’
and Thomas E. Fehniger”

HIV vs EBV
(Mononucleosis)

% positive cells In tissue

- Andersson et al.,
- AIDS 1999

perforin
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The “Textbook” Description of Cytotoxic
T-Lymphocytes (CTL)

CytotoxicT cell (CTL)
recognizes
virus-infected cell

CTL programs target cell CTL moves to another

to die target cell First target cell dies

Figure 8.30 The Inmune System, 3ed. (© Garland Science 2009)

Parham, Janeway, others...

* “Serial Killers” of infected cells
* Kill via granule exocytosis

Delivery of Cytotoxic Granules:
the CTL “Kiss of Death”

Collision and nonspecific adhesion

cytotoxic T cell

\ )
E;?‘*Sf{m\\ 3

and cytoplasmic components of T cell

Poblenou Cemetery, Barcelona (one360.eu)

Perforin (pore-forming protein)
Granzymes A, B (serine proteases)
Caspase activation

Apoptotic cascade

igure 8.29 The Immune System, Jed. (¢ Garland Science 2009)
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Hypotheses:

Perforin expression is tightly regulated (limited) in mucosal
and lymphoid tissues

Expression of cytotoxic effector molecules (perforin and
granzymes A, B) is differentially regulated

HIV-specific CD8+ T-cells in mucosal tissues may be less
‘cytotoxic’ than their counterparts in blood, and programmed
for non-cytolytic effector functions

This may serve to protect tissue integrity, but may also make
pathogen-specific T-cell responses less effective in the gut

— Disadvantage vs chronic viral pathogens such as HIV?
— Do HIV Controllers make more perforin than progressors?

Investigating the Effector Functions of
Mucosal CD8+ T-cells

Brenna Kiniry,
PhD

Predominance of weakly cytotoxic, P 0 |?I”lllll|l-l! Expression of C l).X I' Cell
T-bet-""E Ned cpg™ T-cell f ’ Cytotoxic Effector Molecules in Blood and
-bet ) Omes i —CQ S,m uman ‘L W Gastrointestinal Mucosa in HIV-1 Infection
gastrointestinal mucosa: implications for HIV e —— / s i e S e b e
b e &4 renna E. Kiniry, Peter unt, Frederick M. Hecht, Ma
infection g/ R\ Somsouk, Steven G. Deeks and Barbara L. Shacklett

BE Kiniry', A Ganesh', W Critchfield', PW Hunt®, FM Hecht', M Somsouk’, 5G Decks’ and

BY Kiniry . 4 J Immunol published online 19 January 2018

jimmunol.org/content/early/2018/01/19/jimmun
0 NUMBER 4 | JULY 2017

A The Journal o
A nmunology

Detection of HIV-1-specific gastrointestinal tissue
resident CD8 ™" T-cells in chronic infection

fa | Skinner?,

Mucosal Immunology

@ @ ature publishing group
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‘Baseline’ perforin expression is significantly lower
in mucosal T-cells compared to blood

P <0.0001

% Perforin+ CD8+ T cells
% Perforin+ CD8+ T cells

.
;
o .

Controller Vir SN
PB RM PBRM PBRM PBRM

Gut perforin is highest in early infection and in viremic individuals,
lowest in seronegatives; NOT elevated in Controllers

Kiniry et al., Mucosal Immunology 2017, 10(4):1008-1020

Low perforin in mucosal
CD8+ T-cells that are HIV-specific
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Perforin is NOT highly expressed in gut CD8+ T-cells of HIV Controllers




In response to TCR stimulation,
perforin is more strongly upregulated in
blood than gut
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Perforin-expressing cells reported as percentage of
degranulating, CD107+ cells

Kiniry et al., Mucosal Immunology 2017, 10(4):1008-1020

De novo perforin response is stronger in early infection
and viremic chronic infection compared to treated infection,
and is not elevated in HIV controllers

Rectal, Gag Rectal, Nef Rectal, SEB
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Kiniry et al., Mucosal Immunology 2017, 10(4):1008-1020
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CD8+ T-cell cytotoxic capacity Is significantly lower in
rectal mucosa compared to blood

00052

1Controllers ®|Viremic

NCPB NCRM

\

TXPB TxRM SNPB SNRM

Kiniry et al., Mucosal Immunology 2017, 10(4):1008-1020

... So are colorectal CD8+ T-cells primarily
non-cytolytic effectors?

@ B-chemokines wo Perforin/granzyme B »
1) Block HIV binding Fas ligand?
2) Recruit cells

P | %
=

Uninfected )
CD4+ T cell J

32 Uninfectedor T G IFN.y/TNF
peciod f 1) Inflammation
o 2R % 2) Upregulate MHC |
= : 3) Increase sensitivity
d peptide/MHC | to apoptosis

» CAE
Inhibits HIV transcription
in infected cells

9/26/2018
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Less cytotoxic capacity...

- Lower capacity for inflammation?
- Less able to eradicate viral infection?

How is Cytotoxicity Regulated?
Perforin expression is regulated by transcription
factors T-bet and Eomesodermin

MHC class Il

Nature Reviews Immunology 2004
Nov;4(11):900-11.

j TCR
FN-R

T-bet: 530-aa protein
containing T-box DNA-binding
domain

induced early after TCR
stimulation or IFN-yR

binds to perforin promoter
synergizes with
EOMESODERMIN (Eomes)
T-bet deficient NK, CD8* T
cells have reduced perforin
and cytotoxicity

9/26/2018
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Colorectal CD8+ T-cells are mainly T-bet'°%, Eomesnes

BLOOD CD8* T-cells RECTAL CD8* T-cells

Ehigh THigh | 4 Ehigh THigh
29.3% 0.74%

T-bet FMO

Eomes (E)

Kiniry et al.,
Mucosal Immunology 2017
10(4):1008-1020
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Cell Reports

HIV-Specific CD8* T Cells Exhibit Reduced and
Differentially Regulated Cytolytic Activity in
Lymphoid Tissue

Authors

Morgan A. Reuter,

Perla M. Del Rio Estrada,

Marcus Buggert, ..., David H. Canaday,
Gustavo Reyes-Teran, Michael R. Betts

Correspondence
betts@pennmedicine.upenn.edu

In Brief

Reuter et al. show that lymphoid tissue

CD8* T cells from HIV-infected and

uninfected individuals do not possess
or

regulatory properties of cytolytic T cells
equivalent to those found in circulation.
Their findings suggest that the failure to
eliminate HIV could be related to
compartmentalized CD8" T cell function
favoring noncytolytic responses in
lymphoid tissue.

Lymphoid Follicle

Tcell zone

Reuter et al., 2017, Cell Reports 21, 3458-3470
December 19, 2017 © 2017 The Authors.
https://doi.org/10.1016/j.celrep.2017.11.075

Memory CD8 subsets
Effector

@ Effector Memory
@ Central Memory

CD8 Targets

Live

=

@~

Nuclear Contents ~ Granule contents
0 Low T-bet/Eomes+ o perforin OR
granzyme B

Oum-m T-bet/Eomes+ perforin AND
. granzyme B

0 HiT-bet/Eomes+

“...the failure to
eliminate HIV
could be related to
compartmentalized
CD8+ T-cell
function favoring
noncytolytic
responses in
lymphoid tissue”

9/26/2018
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Lymph Node CD8+ T-cells are also
Perforint°¥ T-bet'°%, and weakly cytotoxic

8

-o- PBMC CD8+ T cells
#- CXCR5+ CD8+ T cells
-4 CXCRS- CD8+ T cells
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% Active caspase-3+
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Reuter et al., 2017, Cell Reports 27, 3458-3470
December 19, 2017 © 2017 The Authors.
https://doi.org/10.1016/j.celrep.2017.11.075
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‘Tissue resident’ T-cells and
HIV infection
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Long-lived epithelial immunity by tissue-resident

memory T (Tgw) cells in the absence of persisting
local antigen presentation

Laura K. Mackay, Angus T. Stock, Joel Z. Ma, Claerwen M. Jones, Stephen J. Kent, Scott N. Mueller, William R. Heath,
Francis R. Carbone', and Thomas Gebhardt'

Department of Microbiology and University of ¢ 3010, Australia PNAS 2012,109:8037

The developmental pathway for CD103+CD8*
tissue-resident memory T cells of skin

Laura K Mackay"3, Azad Rahimpour'?, Joel Z Ma"3, Nicholas Collins', Angus T Stock', Ming-Li Hafon',
Javier Vega-Ramos!, Pilar Lauzurica?, Scott N Mueller!, Tijana Stefanovic?, David C Tscharke?,
William R Heath!, Michael Inouye!'+4, Francis R Carbone'® &

&Thomas Gebhe ot |mmunol 2013, 14:1294

T-box Transcription Factors Combine
with the Cytokines TGF-p and IL-15
to Control Tissue-Resident Memory T Cell Fate

Laula K. Mack:!y Enca WynneJones David Freestone," Daniel G. Pellicci,"” Lisa A.

ol Kalles," Gabrielle T. Belz,* and Francis R | Circulation Tissue microenvironment
Immunity 2015, 43:1101 e University of Melbourne, The Peter Doherty Institut

mr [l
Blimp1*
Naive OXCR3"

EO’T‘ES'O Im
. n 3 i T cell KLRG1™
Hobit and Blimpl instruct a universal ’ )
Bllmp—l

P u 15
transcriptional program of tissue ( . ( =,
residency in lymphocytes O \\O Hobit

Tam Precursor '

IMMUNOLOGY

& KLF2  §CCR7

? ¥S1PR1 ¥ TCF1
Science 2016, 352:460

Troncs in Invrunology

Available online at www.sciencedirectcom
ScienceDirect
ELSEVIER
Tissue resident memory T cells and viral immunity
Pamela C Rosato"?, Lalit K Beura'? and David Masopust'-?

SALIVARY GLAND
MOMY [22]

SKI
usvns 18,43

memory cells -
+ Distinct from Ty, Tem

* Tgruw @re non-recirculating

Cument Opinion in Virology

Current Opinion in Virology 2017, 22:44-50

9/26/2018
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The tissue milieu induces T,
differentiation and maintenance

LOCAL SIGNALS

@)

TGFB, IL-15
IL-33, TNFa

PHENOTYPE OF Ty

1 CD103 JIL-15RB

1CD69 Y Ly6C
187 JKLF2

JCCR7
Jcp62L
JS1PR1

Masopust, Cell 2014

After Beura and

. Naive T cells are activated in lymph nodes

. Once activated, they proliferate and differentiate into effectors

. Effectors migrate throughout the host

. Effectors that enter certain tissues are induced to differentiate into Tgy, by
local signals and adopt unique phenotypic signatures

Beura and Masopust,
Cell 2014

Trm development involves loss of Eomes,

downregulation of T-bet

-~

Shortdived Memaorny-precursor
effector T cells  effector T cells

Circulating effector Lymphoiddocalized

memory T cells

central memory T cells

© 6—0 ©
— —

L.

Shortdived Memaorny-precursor
effector T cells  effector T cells

Tissue-resident

memory T cells

» Driven by TGF-B
* Residual T-bet is
important for Tgy,

Tru Phenotype is
linked to tissue
localization and NOT
to TCR specificity

Mackay, Carbone,et al., 2015

9/26/2018
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RECTAL CD8* T-cells

+ART HIV+

NO ART HIV+

CD8+ T-cells with a ‘tissue resident’ phenotype are
abundant in human colorectal mucosa

CD8* T-cells

CD45RO*
65.5%

CD45RO*
73.2%

CD45RO*
CD103*CD69*
0.032%

CD103*CD69*
32.3%

" 1S1PR1-

CD103*CD69*

56%

% CD8" Tgyy cells

CD103+, CD69+, S1PR1"¢9

Kiniry et al.,
Mucosal Immunology 2018, 11:909

Two major “resident” subsets:
Trv (CD45RO*Y, memory) and rTg- (CD45RO", effector)

CD45RO*

CD103Msh

CD45RONeg

CD103¢ish

% CD103Hig" CD8* Ty, cells

Viremic (V)
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Seronegative (SN)
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o
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Kiniry et al.,
Mucosal Immunology 2018, 11:909

9/26/2018
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HIV Controllers have strong Gag-specific
CD8+ Ty, and ' T responses

Rectal CD8* T-cells

Kiniry et al.,
Mucosal Immunology 2018, 11:909

Tissue Resident CD8+ T-Cells:
Beyond Cytotoxicity

B-Chemokine production
— Ferre et al., Blood 2009: Polyfunctional HIVgag-specific T-cells produce
MIP-1p3
IFNy production

— Masopust et al., Tg,, cell IFNy indirectly promotes recruitment of T and
B cells to tissue infection sites

Continuous patrol of tissues

— Ariotti et al., PNAS 2012: HSV-gB-specific mouse CD8 cells patrol skin
after resolution of infection, along with LCs

Triggering of innate-like responses: “neighborhood
watch”

— Ariotti et al., Science 2014: recruitment of other cell types

9/26/2018
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Trm Trigger a Cascade of Immunostimulatory
and Antiviral Responses in Tissues

IFNy 1Chemolunes
Tissue
Dy
?Adhesion
i

molecules | @T)
o/

(Current Opinion in Virology 2017, 22:44-50

‘Current Opinion in Virology

Some express high granzyme B, but many are perforin low

Upon TCR stimulation, many secrete TNFa, IFNy, 1L2

Leads to upregulation of CXCL9, CXCL10, and of VCAM-1 on endothelial cells
Recruitment of memory CD8+ T-cells, CD4+ T-cells, B-cells

IFN stimulated genes (ISGs) are upregulated in surrounding cells

Activation of other cell types: NK, DC, bystander CD8+ T-cells

The Ty, “neighborhood watch”

Pathogen encounter | Late phase

Restimulated

Immediate triggering
”uﬁtﬂfu“f"m s fedatenfanal i nfons i Cytokine release
pithelium Recruitment and
activation of other
cell types;

! S Lo el upregulation of
Tissue exit? tokine release: irect lysis of .
\—XJ ‘IFKI"/,IL'ZandTNF infected cells? adhes'on molecules

9 T, cell, T,, celland Secondary
Bell recriitment effector T cell
. (T, cell)
AT M
5 I i |
Nl V Endothelial cel

C
1 Granzyme B | | T CD40, CD80 VCAM1 Blood vessel
T Activation and CD86
1TC

Parenchyma (elelelelelelele]loleleo Mueller SN and
‘ Mackay LN, NRI
Feb 2016
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SCIENCE IMMUNOLOGY | RESEARCH RESOURCE

HIV

Identification and characterization of HIV-specific
resident memory CD8" T cells in human
lymphoid tissue
Buggert et al,, Sci. Immunol. 3, eaard526 (2018) 1 June 2018

Chronic progressor

Lymph Nodes:

- HIV-specific Tgy, (CD69*) are
more abundant and more
cytolytic than non-Tgy,

HIV-specific Ty, are more
abundant in Controllers
than Progressors

Buggert, Betts et al., Science Immunology 2018
Reviewed in Roan, Sci Imm 2018

Cell Reports

Human Tissue-Resident Memory T Cells Are Defined
by Core Transcriptional and Functional Signatures in
Lymphoid and Mucosal Sites

Human tissue-resident memory T cells (TRM):
Trm POpulate multiple tissues
Trm have unique adhesion and
69 Identification migratory abilities and functional
D101 (on CD8* TRM) .o
capacities

Tissue Retention

25 Homing to
Tissue Sit . . o

\ TR A core signature defining human

Inhibition (L2 ki | s Tgrw is enriched within CD69+

Exit Cues memory T-cells

Decreased Kumar, Farber et al., Cell Reports
Rapid Response turnover

Anti-infl natory,
(Upon Activation) ,_‘r:‘“',r;si:z;?;ge 2017, 20:2921-2934
2d, Re )0 egulated

Farber lab (Columbia Univ, NY, USA)
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Can we utilize Ty, to prevent and/or cure
mucosal infections?

Local
Infection

Irreversible, Progressive, Systemic Infection

C— Onset of Peak
] Effector T Cell Response

Window
of

Opportunity

Plasma Viral Load

NHP Cohorts

Naive

Prime-Boost Vaccinated
CMV Vector Vaccinated

Time post-SIVmac239 challenge (days

Louis J. Picker,' Scott G. Hansen,!
and Jeffrey 1. Lifson’

Picker et al.,
Annu. Rev. Med. 2012
63:95-111

T-cell based vaccines have demonstrated
impressive protection in the SIVmac model

Induction of vaginal-resident HIV-specific CD8
T cells with mucosal prime—boost immunization

H-X Tan', AK Wheatley"?, R Esterbauer', S Jegaskanda', JJ Glass"?, D Masopust™, R De Rose"*” and
SJ Kent">®7

Murine model

Combined intranasal and
intravaginal immunization

Recombinant HIV-flu vectors

Induced HIV-specific CD8+ T-
cells in vaginal epithelium
Upon TCR stimulation 2
recruitment of adaptive and
innate effectors:

CD8+, CD4+, B, NK

Immunology |VOUUME 11 NUMBER 3 | MAY 3018

9/26/2018
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How can we harness T,,, to help prevent
and/or cure mucosal infections?

Mucosal vaccination

— Vaccines based on mucosal organisms

— Delivery via mucosal routes

— Use of mucosal adjuvants

Use of replicating vectors

— Induction of mucosal homing pathways
Will require better understanding of T,
heterogeneity, induction, maintenance, and
functionality

Summary: T, cells in HIV infection

Human gastrointestinal mucosa is enriched for CD8+ T-
cellswithaT phenotype;

resident
Our “classical” understanding of tissue T-cell subsets as
recirculating populations is being replaced by a more
nuanced view that accounts for tissue residency;

HIV Controllers have strong, polyfunctional Ty,
responses, suggesting a role in fighting chronic infection;

It may be possible to capitalize on specific features of
Trm » including their ability to recruit innate and
adaptive effectors, to improve vaccines and
immunotherapies.

9/26/2018
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