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TISSUE ISSUES: 

Perspectives on HIV-Specific T-cell Responses 

in Mucosal and Lymphoid Tissues 
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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/STIs

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

Shacklett B, Anton P, Curr Inf Dis Rep 2010
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Gut:  62% of vRNA pre-ART; 

98% post-ART

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

Why does the immune 

system fail to clear virus 

from these tissues?

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) <75
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Ferre et al., Blood 2009;113:3978-3989

Cytokine flow cytometry:  

“Polyfunctional*” gut 

HIV gag-specific CD8+ 

T-cell responses in 

Controllers

*MIP-1β, TNFα, IFNγ, 

IL2, CD107

*High MIP-1β MFI 

April Ferre, PhD

Rectal 

Mucosa

Blood

Relative Gut

CD4+ T-cell

Preservation

In Controllers

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

Shacklett et al., J. Immunol. 2004

HIV+ Rectal Mucosa
CD8

Perforin

Overlay

Nucleic Acid

HIV+ Rectal Mucosa
CD8

Granzyme A

Overlay

Nucleic Acid

Andersson et al., 

AIDS 1999

Granzyme A Perforin

Lymph 

Nodes

HIV vs EBV 

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

• “Serial Killers” of infected cells

• Kill via granule exocytosis 

Parham, Janeway, others…

Delivery of Cytotoxic Granules:  
the CTL “Kiss of Death”
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➢ Perforin (pore-forming protein)

➢ Granzymes A, B (serine proteases)

➢ Caspase activation

➢ Apoptotic cascade
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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
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‘Baseline’ perforin expression is significantly lower 
in mucosal T-cells compared to blood

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

Gut perforin is highest in early infection and in chronically

Infected non-controllers, lowest in seronegatives
Controller   Vir Early Tx         SN
PB    RM   PB RM PB RM    PB RM    PB RM

Low perforin in mucosal 
CD8+ T-cells that are HIV-specific

Shengbin Li

Kati Kovacs

Pam Skinner

and our group

In preparation

MHC-I tetramers

Perforin

CD8

N = 6 HIV controllers

Perforin is NOT highly expressed in gut CD8+ T-cells of HIV Controllers
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In response to TCR stimulation, 
perforin is more strongly upregulated in 

blood than gut

Perforin-expressing cells reported as percentage of 

degranulating, CD107+ cells
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Perforin FMO 

Gag SEB 

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

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

Difference in Killing Between PB and RM
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Kiniry et al., Mucosal Immunology 2017, 10(4):1008-1020

PB Exhibit Greater Lysis than RM at 10:1 E:T
 (Tims Formula)
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... So are colorectal CD8+ T-cells primarily 
non-cytolytic effectors?
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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

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

• induced early after TCR 
stimulation or IFN-γR

• binds to perforin promoter

• synergizes with
EOMESODERMIN (Eomes) 

• T-bet deficient NK, CD8+ T 
cells have reduced perforin 
and cytotoxicity

Nature Reviews Immunology 2004 

Nov;4(11):900-11.
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Colorectal CD8+ T-cells are mainly T-betlow, Eomesneg

Kiniry et al., 

Mucosal Immunology 2017

10(4):1008-1020

“…the failure to 

eliminate HIV 

could be related to 

compartmentalized 

CD8+ T-cell 

function favoring 

noncytolytic 

responses in 

lymphoid tissue”
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Lymph Node CD8+ T-cells are also 
PerforinLow

, T-betLow, and weakly cytotoxic

‘Tissue resident’ T-cells and 
HIV infection
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PNAS 2012,109:8037

Nat Immunol 2013, 14:1294

Immunity 2015, 43:1101 

Science 2016, 352:460

• TRM are non-recirculating 

memory cells

• Distinct from TEM, TCM



9/26/2018

15

The tissue milieu induces TRM

differentiation and maintenance

Beura and Masopust, 

Cell 2014

RM 
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1. Naive T cells are activated in lymph nodes
2. Once activated, they proliferate and differentiate into effectors
3. Effectors migrate throughout the host

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

E

E

LOCAL SIGNALS

TGFβ, IL-15
IL-33, TNFα
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TRM development involves loss of Eomes, 
downregulation of T-bet

Mackay, Carbone,et al., 2015  

• Driven by TGF-β

• Residual T-bet is 

important for TRM

TRM phenotype is 

linked to tissue 

localization and NOT 

to TCR specificity 



9/26/2018

16

CD8+ T-cells with a ‘tissue resident’ phenotype are 
abundant in human colorectal mucosa
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Kiniry et al., 

Mucosal Immunology 2018, 11:909

CD103+, CD69+, S1PR1neg

Two major “resident” subsets:
TRM (CD45RO+, memory) and rTEFF (CD45RO-, effector)
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HIV Controllers have strong Gag-specific 
CD8+ TRM and rTEFF responses

Kiniry et al., 

Mucosal Immunology 2018, 11:909
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Tissue Resident CD8+ T-Cells:  
Beyond Cytotoxicity

• β-Chemokine production
– Ferre et al., Blood 2009:  Polyfunctional HIVgag-specific T-cells produce 

MIP-1β

• IFNγ production
– Masopust et al., TRM cell IFNγ 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
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TRM Trigger a Cascade of Immunostimulatory
and Antiviral Responses in Tissues

• Some express high granzyme B, but many are perforin low

• Upon TCR stimulation, many secrete TNFα, IFNγ, IL2

• 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 TRM “neighborhood watch”

Mueller SN and 

Mackay LN, NRI 

Feb 2016

• Immediate triggering

• Cytokine release

• Recruitment and 

activation of other 

cell types; 

upregulation of 

adhesion molecules
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Lymph Nodes: 

- HIV-specific TRM (CD69+) are 

more abundant and more 

cytolytic than non-TRM

- HIV-specific TRM are more 

abundant in Controllers 

than Progressors

Buggert, Betts et al., Science Immunology 2018

Reviewed in Roan, Sci Imm 2018

• TRM populate multiple tissues

• TRM have unique adhesion and 
migratory abilities and functional 
capacities

• A core signature defining human 
TRM is enriched within CD69+ 
memory T-cells

• Kumar, Farber et al., Cell Reports 
2017, 20:2921-2934

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

Picker et al., 

Annu. Rev. Med. 2012

63:95-111

T-cell based vaccines have demonstrated 

impressive protection in the SIVmac model

• Murine model

• Combined intranasal and 

intravaginal immunization

• Recombinant HIV-flu vectors

• Induced HIV-specific CD8+ T-

cells in vaginal epithelium

• Upon TCR stimulation 

recruitment of adaptive and 

innate effectors:

• CD8+, CD4+, B, NK
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How can we harness TRM 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 TRM

heterogeneity, induction, maintenance, and 
functionality

Summary:  TRM cells in HIV infection

• Human gastrointestinal mucosa is enriched for CD8+ T-
cells with a Tresident phenotype;

• 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 TRM 

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.
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