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• Human CD4+ and CD8+ tissue-resident memory T cells are present in lymphoid and non-lymphoid tissues of BLT 
mice but are virtually absent from peripheral blood, like in humans.1

• HIV infects and depletes CD4+ memory T cells and CD4+ TRM in tissues.

• CD4+ TRM contain substantial levels of viral DNA and viral RNA. 

Materials and Methods

Human Tissue-Resident Memory T Cells are Present in the

Tissues of BLT Mice but Virtually Absent From Peripheral Blood

Figure 1. Human tissue-resident memory T cells are present in the tissues of BLT mice but virtually absent 

from peripheral blood. (A) Gating strategy for identifying human tissue-resident (TRM) and circulating (TCM) memory T 
cell populations: Live (FSC/SSC)→CD45+→CD3+→CD4+ or CD8+→CD45RO+. (B) Representative flow plots depicting 
the distribution of human TRM and TCM populations in the peripheral blood (PB) and tissues (SPL=spleen, LN=lymph 
nodes, BM=bone marrow, LIV=liver, LNG=lung) of BLT mice. (C) Mean percentage (± SEM) of human memory 
(CD45RO+) CD4+ and CD8+ T cells in the PB and tissues of BLT mice that are TRM (white bars) and TCM (gray bars).
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Resting CD4+ Tissue-Resident Memory T Cells 

are Present in the Tissues of BLT Mice

Figure 2. Resting CD4+ tissue-resident memory T cells 

are present in lymphoid and non-lymphoid tissues of 

BLT mice. Mean percentage (± SEM) of resting 
(CD25negHLA-DRneg) CD4+ TRM in the tissues (SPL=spleen, 
33%; LN=lymph nodes, 61%; BM=bone marrow, 29%; 
LIV=liver, 33%; LNG=lung, 32%) of BLT mice.

HIV-DNA and HIV-RNA are Present in 

TRM of HIV-Infected BLT Mice

Figure 5. HIV-DNA and HIV-RNA are present in TRM of HIV-infected BLT mice . (A) HIV-DNA and (B) HIV-RNA 
levels in TRM sorted from the tissues (SPL=spleen, LN=lymph nodes, BM=bone marrow, LIV=liver, LNG=lung) of 
HIV-infected BLT mice (4-7 weeks post-exposure) as determined by real-time PCR. Gating strategy for TRM sorting: 
Live (FSC/SSC)→CD45+→CD3+→CD45RO+→CD69+.

A. B.

1. Sathaliyawala T, Kubota M, Yudanin N, et al. 2013. Distribution and compartmentalization of human circulating and tissue-resident memory 
T cell subsets. Immunity 38, 187-197.

2.Teijaro JR, Turner D, Pham Q, et. al. 2011. Cutting Edge: Tissue-retentive lung memory CD4 T cells mediate optimal protection to 
respiratory virus infection. J. Immunol. 187, 5510-5514.

3. Klonowski KD, Williams KJ, Marzo AL, et. al. 2004. Dynamics of blood-borne CD8 memory T cell migration in vivo. Immunity 20, 551-562. 
4. Jiang X, Clark RA, Liu L, et. al. 2012. Skin infection generates non-migratory memory CD8+ TRM cells providing global skin immunity. Nat. 

483, 227-231.
5. Masopust D, Choo D, Vezys V,et. al. 2010. Dynamic T cell migration program provides resident memory within intestinal epithelium. J. Exp. 

Med. 207, 553-564.
6. Gebhardt T, Wakim LM, Eidsmo L, et. al. 2009. Memory T cells in nonlymphoid tissue that provide enhanced local immunity during 

infection with herpes simplex virus. Nat. Immunol. 10, 524-530.
7. Wakim LM, Woodward-Davis A, Bevan MJ. 2010. Memory T cells persisting within the brain after local infection show functional 

adaptations to their tissue of residence. Proc. Natl. Acad. Sci. 107, 17872-17879.
8. Wahl A, Swanson MD, Nochi T, et. al. 2012. Human breast milk and antiretrovirals dramatically reduce oral HIV-1 transmission in BLT 

humanized mice. PLoS Pathog. 8, e1002732.
9. Denton PW, Este, JD, Sun Z, et al. 2008. Antiretroviral pre-exposure prophylaxis prevents vaginal transmission in humanized BLT mice. 

PloS Med.5 e16.

Generation of bone marrow-liver-thymus (BLT) humanized mice. BLT mice were generated by transplanting human fetal liver-derived CD34+

hematopoietic stem cells intravenously into irradiated NOD.Cg-Prkdcscid ll2rgtm1Wjl/SzJ (NSG; The Jackson Laboratory) mice implanted with 
autologous human fetal liver and thymus tissue (Advanced Bioscience Resources) under the kidney capsule. Subsequently, the levels of human 
cells in the peripheral blood of BLT mice were monitored every 3-4 weeks with flow cytometry.8-9

Flow cytometric analysis of human tissue-resident memory T cells in BLT humanized mice. Peripheral blood and tissues were collected 
from BLT mice at necropsy. Mononuclear cells were isolated from the lymph nodes, spleen, bone marrow, liver, and lung as previously 
described.8-9 Peripheral blood and tissue mononuclear cells were blocked with mouse IgG, mouse IgG2aκ, and rat IgG2aκ, then stained with 
antibodies specific for the following human markers: CD45, CD3, CD4, CD8, CD45RO, CD69, CCR7, HLA-DR, and CD25. Samples were 
analyzed with a BD LSRFortessa instrument and data analysis performed with BD FACSDiva software (version 6.1). Gating Strategy: Human 
tissue-resident memory T cells (TRM) were gated as live (FSC/SSC)→CD45+ → CD3+ → CD4+ or CD8+ → CD45RO+ → CD69+.1 TRM that lacked 
expression of HLA-DR and CD25 were defined as resting. Human circulating memory T cells (TCM) were gated as live (FSC/SSC)→CD45+ → 
CD3+ → CD4+ or CD8+ → CD45RO+ → CD69neg.1 Human TRM and TCM effector and central memory T cell populations were defined by CCR7 
expression (effector memory: CCR7neg and central memory: CCR7+).1 TRM were sorted from mononuclear cells isolated from tissues harvested 
from HIV-infected BLT mice using the following gating strategy: Live (FSC/SSC)→CD45+→CD3+→CD45RO+→CD69+.

HIV infection of BLT mice. Stocks of HIV (HIV-1JR-CSF, HIV-1THRO, HIV-1CH040) were  prepared and titered as previously described. BLT mice 
were exposed vaginally or orally to HIV-1 as previously described.8-9 HIV-RNA was monitored longitudinally in plasma with real-time PCR as 
previously described. 8-9 HIV-infected BLT mice were necropsied 2-16 weeks post-exposure (mean: 7.75  weeks) and peripheral blood and 
tissues collected for flow cytometric analysis of human TRM.  HIV-DNA and HIV-RNA levels in TRM were determined with real-time PCR analysis 
as previously described.8-9 As a control, all samples were tested for the presence of human gamma globulin DNA or human TATA-box binding 
protein RNA by real-time PCR.

Future Directions

• Assess if CD4+ TRM levels rebound following ART

• Determine if CD4+ TRM serve as a cellular reservoir for HIV during ART

• Currently, peripheral blood is sampled to assess the efficacy of HIV eradication approaches.
• Memory CD4+ T cells are a key target for HIV infection and the major cellular reservoir for HIV in peripheral blood.
• CD4+ tissue-resident memory T cells (TRM) are a potential cellular HIV reservoir that cannot be assessed by sampling 

peripheral blood.
• Key characteristics of TRM include that they:1-7

• Are present in lymphoid, non-lymphoid, and mucosal tissues
• Do not recirculate
• Are virtually absent from peripheral blood
• Provide optimal immunity to site-specific pathogens 
• Express CD45RO and CD69

• Despite their potential importance to HIV persistence, the effect of HIV infection on TRM has not been evaluated.
• Currently, in vivo studies of TRM cannot be performed in humans because:

• TRM cannot be accessed by sampling human peripheral blood.
• Studies of TRM in humans are limited to analyses of biopsied and cadaveric tissue.1

• Therefore, we 1) performed a polychromatic flow cytometric analysis of peripheral blood and cells isolated from 
tissues of humanized BLT mice to characterize their human TRM compartment, 2) determined the effect of HIV 
infection on CD4+ TRM, and 3) evaluated the contribution of CD4+ TRM to HIV persistence.
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Figure 3. CD4+ memory T cells are significantly depleted from the tissues of HIV-infected BLT mice. Mean 
absolute number (± SEM) of CD4+ memory (CD45RO+) T cells in the tissues (SPL=spleen, LN=lymph nodes, 
BM=bone marrow, LIV=liver, and LNG=lung) of uninfected (white bars) and HIV-infected (black bars) BLT mice. 
Data represent the mean absolute number of CD4+ memory T cells (A) per mouse and (B) per tissue. We used a 
two-tailed Mann-Whitney test to compare the absolute of number of CD4+ memory T cells in uninfected and HIV-
infected BLT mice (*p<0.05, **p<0.01, **p<0.001, and ****p<0.0001).

CD4+ Memory T Cells are Significantly Depleted From 

the Tissues of HIV-Infected BLT Mice

Figure 4. CD4+ tissue-resident memory T cells are significantly depleted from the tissues of HIV-infected 

BLT mice. Mean absolute number (± SEM) of CD4+ tissue-resident memory T cells (TRM) in the tissues 
(SPL=spleen, LN=lymph nodes, BM=bone marrow, LIV=liver, and LNG=lung) of uninfected (white bars) and 
HIV-infected (black bars) BLT mice. Data represent the mean absolute number of CD4+ TRM (A) per mouse and 
(B) per tissue. We used a two-tailed Mann-Whitney test to compare the absolute of number of CD4+ TRM in 
uninfected and HIV-infected BLT mice (*p<0.05, **p<0.01, **p<0.001, and ****p<0.0001).

CD4+ Tissue-Resident Memory T Cells are Significantly Depleted 

From the Tissues of HIV-Infected BLT Mice
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