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Background: Identifying a subset of T-cells that are enriched for HIV infection in patients on 

suppressive antiretroviral therapy (ART) will be critical to developing new curative strategies. This study 

aimed to assess how the expression of inflammatory (CCR5, CXCR3, CCR6, CXCR5) and 

homeostatic (CCR7) chemokine receptors (CKR) and their ligands correlate with the size of the latent 

reservoir in patients receiving suppressive ART. 

Methodology: 48 subjects on ART for >3 years with HIV viral load <50 copies/ml were recruited in San 

Francisco. Using flow cytometry, we quantified the expression of the CKR CCR5, CXCR3, CCR6, 

CXCR5 and CCR7 on CD4+ T-cells. The corresponding ligands for these chemokine receptors were 

quantified in plasma (Luminex). Total, integrated and 2LTR circle HIV DNA and cell associated 

unspliced (CA-US) HIV RNA was quantified in CD4+ T-cells. Spearman correlations and negative 

binomial regression models were performed to test associations between markers of virus persistence 

and CKR expression on CD4+ T-cells adjusting for current and nadir CD4 T-cell counts. 

Results: Subjects were predominantly male (96%) with a median CD4= 684 (IQR=533-858) cells/µl. 

There were statistically significant negative correlations between current CD4 count and expression of 

the inflammatory CKR CCR5 (r=-0.50, p<0.001), CCR6 (r=-0.42, p<0.01) and CXCR3 (r=-0.57, 

p<0.0001) and a positive correlation with the homeostatic CKR CCR7 (r=0.59, p<0.0001). There was a 

statistically significant negative correlation between integrated HIV DNA and current CD4 (r=-0.52, 

p=0.0001) but not nadir CD4. CCR5 was the only CKR that substantially correlated positively with 

integrated HIV DNA (r=0.29, p=0.045) but this largely disappeared when controlled for current or nadir 

CD4 count in a negative binomial regression model. 2-LTR circles were negatively correlated with nadir 

CD4 (r=-0.45, p=0.002) but not current CD4. In a negative binomial regression model, 2LTR circles 

were positively correlated with CXCR3 expression (p<0.001) and CCR5 expression (p=0.032) and both 

remained statistically significant after adjusting for nadir or current CD4 count. There was no significant 

relationship between total HIV DNA, CA-US RNA and CKR expression. There was no statistically 

significant relationship between virus persistence and any of the chemokines measured in plasma, 

except for a positive correlation between 2LTR circles and the ligand for CCR7, CCL21 (r=0.30, 

p=0.045). 

Conclusions: The association of 2LTR circles with nadir CD4 and CXCR3 and CCR5 expression on 

CD4 T-cells raises the possibility of ongoing replication in cells that express these specific inflammatory 

CKR, such as effector memory T-cells, particularly in individuals who initiate ART at lower CD4 counts. 
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Abstract 

Figure 4: In a subset of 20 patients who underwent leukaphoresis CD4+ T-cell were 

sorted into Naïve (Nv), Transitional Memory (TM) and Central Memory (CM) subsets 

expressing both (R6+X3+), individually (R6-X3+ or R6+X3-) or negative (R6-X3-) for 

chemokine receptors CCR6 and CXCR3.  

(5) Integrated HIV DNA is enriched in central memory CD4+ T-cells that 

express CCR6 and CXCR3 

Background 

Hypothesis and Aims 
Hypothesis: CD4+ T-cells expressing chemokine receptors CCR6 and CXCR3 are preferential 

targets of HIV infection and are an important reservoir of HIV during suppressive cART.   

Aim:  To assess how the expression of chemokine receptors and their ligands correlate with the size 

of the latent reservoir in patients receiving suppressive cART.  

Latently infected CD4+ T-cells are a major barrier to the eradication of HIV. Central memory, 

transitional memory and naïve CD4+ T-cells are the main source of HIV-infected T-cells that persist 

during long-term suppressive cART (Wightman, JID, 2010; Chomont, Nat Med, 2009;  Finzi, Science, 

1999; Chun, Nature, 1997). In vitro, chemokines which bind to chemokine receptors CCR7, CCR6 and 

CXCR3 are able to induce post-integration latency in resting CD4+ T-cells (Saleh, Blood, 2007; 

Cameron, PNAS, 2010).  Chemokine receptors are important for the homing of CD4+ T-cells to the 

tissue during an immune response and also to niches that are essential for CD4+ T-cell homeostasis.  

 1. The association of 2LTR circles with nadir CD4 and CXCR3 and CCR5 expression on CD4 

T-cells raises the possibility of ongoing replication in cells that express these specific 

inflammatory CKR, such as effector memory T-cells, particularly in individuals who initiate ART 

at lower CD4 counts. 

2. CXCR3+CCR6+ CM have the highest frequency of integrated DNA and may identify a subset 

of cells that have increased susceptibility to latent infection. 
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Integrated HIV/106 CD4+ T-cells 2-LTR circles/106 CD4+ T-cells 

Predictor Fold  

change 

95% CI P value Fold 

change 

95% CI P value 

1 Single predictor 

% CCR5* 1.386 1.042-1.843 0.025 0.613 0.392-0.958 0.032 

% CXCR3 1.028 0.998-1.059 0.069 0.947 0.918-0.977 0.001 

2 Concurrent CD4+ T-cell count 

% CCR5* 1.060 0.841-1.335 0.624 0.575 0.367-0.900 0.015 

% CXCR3 1.009 0.978-1.042 0.558 0.944 0.903-0.988 0.012 

3 Nadir CD4+ T-cell count 

% CCR5* 1.358 1.053-1.750 0.018 0.610 0.432-0.862 0.005 

% CXCR3 1.028 0.999-1.057 0.056 0.943 0.919-0.966 0.0001 

4 Both concurrent & nadir CD4+ T-cell count 

% CCR5* 1.079 0.855-1.361 0.523 0.727 0.463-1.142 0.167 

% CXCR3 1.010 0.979-1.041 0.537 0.955 0.913-0.999 0.043 

Cohort Demographics 
Table 1: Patient demographics. 48 patients 

receiving suppressive cART were recruited 

into the study  at the University of California, 

San Francisco. Values are median 

(interquartile range), unless stated otherwise.. 

A subset of 20 patients consented to 

additional procedures including leukaphoresis 

and tissue collection. Large volume bloods 

were used in CD4+ T-cell subset sorting 

experiments. 

Methods 

Figure 1:  Total and CD4+ T-cell subsets were phenotyped for 

chemokine receptor expression. Total CD4+ T-cells were 

isolated using negative depletion, DNA and RNA were 

extracted for quantification of the reservoir. Plasma chemokine 

levels were quantified using multiplex Luminex bead arrays.    

  

Results 

Figure 3: The expression of chemokine receptors on 

total and CD4+ T-cell subsets. Inflammatory 

chemokine receptors CCR5, CCR6, CXCR3 and 

CXCR5, plus the homeostatic chemokine CCR7 were 

measured on total CD4+ T-cells., expressed as a 

percentage (A). CD4+ T-cell subsets, (B), percentage 

(left panel) and MFI (right panel). Naïve (Nv); Central 

Memory (CM); Transitional Memory (TM); Effector 

Memory (EM); Terminally Differentiated (TD). 

(1) Current CD4+ T-cell count and expression of homeostatic and 

inflammatory chemokine receptors are strongly associated. 

CCR6 CCR5 CCR7 CXCR3 CXCR5 
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Table 2: Correlations between chemokine receptor 

expression and current CD4+ T-cell count. Spearman 

Rho correlations revealed strong statistically significant 

positive relationships between CCR7 expression and 

current CD4+ T-cell count and inverse relationships with 

CCR5, CCR6, and CXCR3, 

 Percentage 

CD4+ T-cell count 

 

 CCR7+CD4+ r 0.561 

  pvalue <0.0001 

CCR6+CD4+ r -0.421 

  pvalue <0.01 

 CXCR3+CD4+ r -0.551 

  pvalue <0.0001 

CCR5+CD4+ r -0.493 

  pvalue <0.001 

 CXCR5+CD4+ r -0.148 

  pvalue 0.317 

 Percentage 

Integrated HIV DNA 

copies/million 

 CCR7+CD4+ r -0.196 

  pvalue 0.182 

CCR6+CD4+ r 0.247 

  pvalue 0.091 

 CXCR3+CD4+ r 0.265 

  pvalue 0.069 

CCR5+CD4+ r 0.290 

  pvalue 0.045 

 CXCR5+CD4+ r 0.135 

  pvalue 0.362 

Table 4: Correlations between chemokine 

receptor expression and the reservoir. 

Spearman Rho correlations were performed 

and CCR5 expression was moderately 

statistically significantly associated with 

integrated HIV DNA. There were no other 

significant relationships between other markers 

of the reservoir  total  or 2- LTRHIV DNA and 

US-RNA. There were no satistically significant 

correlations between chemokine concentration 

in the plasma and the reservoir.    

HIV Reservoir   Current CD4+ 

T-cell count 

Nadir CD4+ 

T-cell count 

Integrated HIV DNA r -0.523 -0.097 

  p value <0.0001 0.512 

Total HIV DNA r -0.174 -0.066 

  p value 0.247 0.661 

2-LTR HIV DNA r -0.060 -0.454 

  p value 0.697 0.002 

Cell-associated  r -0.126 -0.095 

Unspliced HIV RNA p value 0.415 0.539 

Table 5. Negative binomial 

regressions models: Four 

models were run (1) Single 

predictor which compared 

integrated HIV DNA to the 

percentage chemokine receptor 

expression on total CD4+ T-

cells. (2) Adjusted for the effect 

of current CD4+ T-cell count. (3) 

Adjusted for the effect of nadir 

CD4+ T-cell count. (4) Adjusted 

for the effects of both current 

and nadir CD4+ T-cell count. 

Percentage CCR5+ CD4+ T-

cells values were Log2 

transformed; p value <0.05 are 

statistically significant and in 

bold. CCR5-integrated HIV DNA 

model data represented here is 

post-sensitivity testing where 

two outliers were removed.   

(4) In multivariate models, adjusting for current and nadir CD4+ T-cell counts, 

CXCR3 and CCR5 are associated with 2-LTR circles.  

(3) CCR5 expression is associated with integrated HIV DNA. 

Table 3: Correlations between HIV reservoir markers 

and current and nadir CD4+ T-cell count. Statistically 

significant  inverse relationships were seen between 

current CD4+ T-cell count and integrated HIV DNA, and 

nadir CD4+ T-cell count and 2-LTR circles.  p value 

<0.05 are statistically significant and in red bold  

Parameter                                      n=48 n=20 

Gender, n (%) 

Male 

Female 

Transgender 

 

46 (96%)  

1 (2%)  

1 (2%) 

 

20 (100%)  

0 (0%)  

0 (0%) 

Age, years 57 (51-62) 58 (50-62) 

 216 (133-385) 136 (78-376) 

 684 (533-858) 639 (496-733) 

Current CD4 percentage 32 (26-41) 30 (23-35) 

ART, years 8.53 (5.02-12.37) 11 (5.33-13.13) 

Viral load (copies/ml) <50 <50 

B 

(2) Current and nadir CD4+ T-cell counts are inversely correlated with 

integrated DNA and 2-LTR circles 

(6) Summary 

2. There is a strong association between nadir CD4 and 2-LTR 

circles suggests that persistent virus replication may be greatest 

in those who initiate ART late. 

4. CM cells that express CXCR3 and CCR6 were enriched for integrated DNA 

3. Multivariate analysis adjusting for current and nadir CD4, showed that CXCR3 

and CCR5 were associated with 2-LTR expression 

1. There is a strong association between current CD4 and 

expression of both inflammatory and homeostatic chemokines as 

well as the size of the reservoir as measured by int DNA 

Figure 2: Quantification of the HIV reservoir in sorted 

CD4+ T-cells from PBMC isolated from patients 

receiving suppressive cART. Cell-associated unspliced 

HIV RNA was quantified using semi-nested QPCR and 

HIV DNA species also with QPCR..  
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Chemokine receptors (CKR) influence persistent 

HIV reservoir in blood memory CD4+ T cells

CKR and their chemokines may also influence 

HIV persistence in tissue sites

Receptor Chemokine Site

CCR6 CCL20 Mucosa

CCR7
CCL19

LN
CCL21

CXCR3

CXCL9

InflammatoryCXCL10

CXCL11

• HIV infection enriched in immune tissues like gut & LN due to:

 lower antiretroviral drug levels1 
 reduced access CD8+ T cells2

 increased susceptibility T cell subsets3  eg. LN TFH cells, CKR?

• CKR & their chemokines allow migration to tissue sites

1 Fletcher PNAS 2014, Yukl AIDS 2010, Estes Nat Med 2017; 2 Connick J Immunol 2007, 2014; 3 Chun JID 2008, Yukl JID 2013, 

Yukl PlosOne 2015, Banga NatMed 2016; Gosselin JImmunol 2010, El Hed JID 2010, Monteiro JImmunol 2011, Khoury AIDS 2016
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HYPOTHESIS:

Expression of specific CKR (CCR6, CCR7, CXCR3) on 

memory CD4+ T cells & their chemokines are associated with 

HIV persistence in gut & LN tissues in individuals on ART

AIMS:

1. Examine if the expression of CKR on memory CD4+ T

cells & their chemokines are related to HIV reservoir size

in rectum & LN of individuals on ART

2. Examine if subsets of rectal memory CD4+ T cells

expressing CCR6 &/or CXCR3 CKR preferentially harbour

persistent HIV in individuals on ART

AIM 1: Study Design

HIV Patients on ART ≥ 3 years (n=48, recruited UCSF USA)

Blood
n=48

Lymph node
n=8

Rectal biopsy
n=20

CKR on total memory CD4+ T cells: Flow cytometry

HIV DNA & USRNA in sorted total CD4+ T cells: qPCR

CK  protein in blood plasma: Luminex

 mRNA in whole tissue: RT-qPCR

Negative binomial regression modeling

Relationship: HIV DNA/RNA to % CKR T cell subsets or CK 
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Participant demographics

HIV integrated DNA & US RNA elevated in rectal 

CD4+ T cells versus blood

n=44 n=7 n=16

P < 0.0001

P = 0.0007
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Rectal tissue enriched in CCR6+ CXCR3+ 

memory CD4+ T cells
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Wilcoxon matched-pairs signed rank

**** p < 0.0001,    *** p < 0.001,    ** p < 0.01,    * p < 0.05

Rectum

R6+   R6+   R6- R6-

X3+    X3- X3+    X3-

LN 

R6+   R6+    R6- R6-

X3+    X3- X3+    X3-

n=15n=8n=48

R6+   R6+   R6- R6-

X3+    X3- X3+    X3-

Persistent HIV DNA & RNA associated with CD4+ 

T cell subsets expressing CCR6/CXCR3 in rectum

Negative Binomial Regression Modeling

Fold change in HIV reservoir outcome per unit increase in % CKR memory T cell predictor

p<0.05 observed in models adjusted for current &/or nadir CD4 count

	

TISSUE CKR
 

HIV RESERVOIR 

iDNA
 

CA-US RNA
 CA-US RNA: 

iDNA 

LN 

R6+X3+ 
0.96 (0.73 to 1.26) 

p=0.79 
0.70 (0.44 to 1.09) 

p=0.11 
0.84 (0.67 to 1.06) 

p=0.15 

R6+X3- 
0.95 (0.84 to 1.07) 

p=0.41 
0.84 (0.71 to 1.00) 

p=0.046 
0.90 (0.80 to 1.02) 

p=0.11 

R6-X3+ 
1.01 (0.92 to 1.12) 

p=0.79 
1.13 (0.97 to 1.31) 

p=0.12 
1.09 (0.98 to 1.20) 

p=0.10 

R6-X3- 
1.09 (0.92 to 1.29) 

p=0.31 
1.34 (0.92 to 1.95) 

p=0.13 
1.06 (0.89 to 1.26) 

p=0.50 

RECTUM 

R6+X3+ 
0.97 (0.94 to 1.00) 

p=0.028 
0.93 (0.87 to 0.99) 

p=0.027 
0.96 (0.93 to 1.00) 

p=0.068 

R6+X3- 
1.04 (1.01 to 1.09) 

p=0.025 
1.08 (1.01 to 1.16) 

p=0.030 
1.06 (1.01 to 1.11) 

p=0.015 

R6-X3+ 
1.04 (0.92 to 1.17) 

p=0.57 
0.97 (0.78 to 1.19) 

p=0.75 
1.00 (0.84 to 1.18) 

p=0.95 

R6-X3- 
1.05 (0.92 to 1.21) 

p=0.44 
1.02 (0.75 to 1.39) 

p=0.91 
.08 (0.99 to 1.17) 

p=0.07 

*

*

*

*

*

*

*
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AIM 2: Is persistent HIV enriched in specific 

CCR6/CXCR3 T cell subsets in rectum?

10 Participants on ART were recruited from original cohort

Large Blood Draw
n=10

Rectal biopsy
n=10

HIV iDNA in subsets: qPCR & statistical analyses

Sort total memory CD8- T cells into R6X3 subsets
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HIV iDNA not significantly enriched in rectal 

CCR6+CXCR3+ T cells

Blood Rectum

R6+     R6+      R6- R6-

X3+     X3- X3+      X3-

R6+      non 
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n=9 n=9

Wilcoxon matched-pairs signed rank

**** p < 0.0001,    *** p < 0.001,    ** p < 0.01,    * p < 0.05
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CCR6+CXCR3+ T cells are a major contributor to 

the total HIV iDNA reservoir in rectum

Blood Rectum

Mann-Whitney test

**** p < 0.0001,    *** p < 0.001,    ** p < 0.01,    * p < 0.05
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Conclusions and Implications

1. Rectum is a significant site of persistent HIV with high DNA and RNA

2. Rectal CCR6+CXCR3+ T cells not enriched in HIV DNA vs pooled 

remaining T cell subsets but still a major contributor to the total HIV 

DNA reservoir in rectum due to the high frequency of these cells

3. Rectal HIV DNA and RNA positive association with % CCR6+CXCR3-

T cells but negative association % CCR6+CXCR3+ T cells

● as HIV DNA enriched in blood CCR6+CXCR3+ T cells, defective    

trafficking of CCR6+CXCR3+ cells between blood and rectum?

4. As LN have a different distribution of T cell subsets and chemokines to 

rectum, tissue specific mechanisms may account for HIV persistence 

in these two sites

5. Future studies will focus on interventions that interfere with trafficking 

of CCR6+ T cells to the GI tract, including anti-CCL20 (GSK)
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Background: Identifying a subset of T-cells that are enriched for HIV infection in patients on 

suppressive antiretroviral therapy (ART) will be critical to developing new curative strategies. This study 

aimed to assess how the expression of inflammatory (CCR5, CXCR3, CCR6, CXCR5) and 

homeostatic (CCR7) chemokine receptors (CKR) and their ligands correlate with the size of the latent 

reservoir in patients receiving suppressive ART. 

Methodology: 48 subjects on ART for >3 years with HIV viral load <50 copies/ml were recruited in San 

Francisco. Using flow cytometry, we quantified the expression of the CKR CCR5, CXCR3, CCR6, 

CXCR5 and CCR7 on CD4+ T-cells. The corresponding ligands for these chemokine receptors were 

quantified in plasma (Luminex). Total, integrated and 2LTR circle HIV DNA and cell associated 

unspliced (CA-US) HIV RNA was quantified in CD4+ T-cells. Spearman correlations and negative 

binomial regression models were performed to test associations between markers of virus persistence 

and CKR expression on CD4+ T-cells adjusting for current and nadir CD4 T-cell counts. 

Results: Subjects were predominantly male (96%) with a median CD4= 684 (IQR=533-858) cells/µl. 

There were statistically significant negative correlations between current CD4 count and expression of 

the inflammatory CKR CCR5 (r=-0.50, p<0.001), CCR6 (r=-0.42, p<0.01) and CXCR3 (r=-0.57, 

p<0.0001) and a positive correlation with the homeostatic CKR CCR7 (r=0.59, p<0.0001). There was a 

statistically significant negative correlation between integrated HIV DNA and current CD4 (r=-0.52, 

p=0.0001) but not nadir CD4. CCR5 was the only CKR that substantially correlated positively with 

integrated HIV DNA (r=0.29, p=0.045) but this largely disappeared when controlled for current or nadir 

CD4 count in a negative binomial regression model. 2-LTR circles were negatively correlated with nadir 

CD4 (r=-0.45, p=0.002) but not current CD4. In a negative binomial regression model, 2LTR circles 

were positively correlated with CXCR3 expression (p<0.001) and CCR5 expression (p=0.032) and both 

remained statistically significant after adjusting for nadir or current CD4 count. There was no significant 

relationship between total HIV DNA, CA-US RNA and CKR expression. There was no statistically 

significant relationship between virus persistence and any of the chemokines measured in plasma, 

except for a positive correlation between 2LTR circles and the ligand for CCR7, CCL21 (r=0.30, 

p=0.045). 

Conclusions: The association of 2LTR circles with nadir CD4 and CXCR3 and CCR5 expression on 

CD4 T-cells raises the possibility of ongoing replication in cells that express these specific inflammatory 

CKR, such as effector memory T-cells, particularly in individuals who initiate ART at lower CD4 counts. 
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Abstract 

Figure 4: In a subset of 20 patients who underwent leukaphoresis CD4+ T-cell were 

sorted into Naïve (Nv), Transitional Memory (TM) and Central Memory (CM) subsets 

expressing both (R6+X3+), individually (R6-X3+ or R6+X3-) or negative (R6-X3-) for 

chemokine receptors CCR6 and CXCR3.  

(5) Integrated HIV DNA is enriched in central memory CD4+ T-cells that 

express CCR6 and CXCR3 

Background 

Hypothesis and Aims 
Hypothesis: CD4+ T-cells expressing chemokine receptors CCR6 and CXCR3 are preferential 

targets of HIV infection and are an important reservoir of HIV during suppressive cART.   

Aim:  To assess how the expression of chemokine receptors and their ligands correlate with the size 

of the latent reservoir in patients receiving suppressive cART.  

Latently infected CD4+ T-cells are a major barrier to the eradication of HIV. Central memory, 

transitional memory and naïve CD4+ T-cells are the main source of HIV-infected T-cells that persist 

during long-term suppressive cART (Wightman, JID, 2010; Chomont, Nat Med, 2009;  Finzi, Science, 

1999; Chun, Nature, 1997). In vitro, chemokines which bind to chemokine receptors CCR7, CCR6 and 

CXCR3 are able to induce post-integration latency in resting CD4+ T-cells (Saleh, Blood, 2007; 

Cameron, PNAS, 2010).  Chemokine receptors are important for the homing of CD4+ T-cells to the 

tissue during an immune response and also to niches that are essential for CD4+ T-cell homeostasis.  

 1. The association of 2LTR circles with nadir CD4 and CXCR3 and CCR5 expression on CD4 

T-cells raises the possibility of ongoing replication in cells that express these specific 

inflammatory CKR, such as effector memory T-cells, particularly in individuals who initiate ART 

at lower CD4 counts. 

2. CXCR3+CCR6+ CM have the highest frequency of integrated DNA and may identify a subset 

of cells that have increased susceptibility to latent infection. 
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Integrated HIV/106 CD4+ T-cells 2-LTR circles/106 CD4+ T-cells 

Predictor Fold  

change 

95% CI P value Fold 

change 

95% CI P value 

1 Single predictor 

% CCR5* 1.386 1.042-1.843 0.025 0.613 0.392-0.958 0.032 

% CXCR3 1.028 0.998-1.059 0.069 0.947 0.918-0.977 0.001 

2 Concurrent CD4+ T-cell count 

% CCR5* 1.060 0.841-1.335 0.624 0.575 0.367-0.900 0.015 

% CXCR3 1.009 0.978-1.042 0.558 0.944 0.903-0.988 0.012 

3 Nadir CD4+ T-cell count 

% CCR5* 1.358 1.053-1.750 0.018 0.610 0.432-0.862 0.005 

% CXCR3 1.028 0.999-1.057 0.056 0.943 0.919-0.966 0.0001 

4 Both concurrent & nadir CD4+ T-cell count 

% CCR5* 1.079 0.855-1.361 0.523 0.727 0.463-1.142 0.167 

% CXCR3 1.010 0.979-1.041 0.537 0.955 0.913-0.999 0.043 

Cohort Demographics 
Table 1: Patient demographics. 48 patients 

receiving suppressive cART were recruited 

into the study  at the University of California, 

San Francisco. Values are median 

(interquartile range), unless stated otherwise.. 

A subset of 20 patients consented to 

additional procedures including leukaphoresis 

and tissue collection. Large volume bloods 

were used in CD4+ T-cell subset sorting 

experiments. 

Methods 

Figure 1:  Total and CD4+ T-cell subsets were phenotyped for 

chemokine receptor expression. Total CD4+ T-cells were 

isolated using negative depletion, DNA and RNA were 

extracted for quantification of the reservoir. Plasma chemokine 

levels were quantified using multiplex Luminex bead arrays.    

  

Results 

Figure 3: The expression of chemokine receptors on 

total and CD4+ T-cell subsets. Inflammatory 

chemokine receptors CCR5, CCR6, CXCR3 and 

CXCR5, plus the homeostatic chemokine CCR7 were 

measured on total CD4+ T-cells., expressed as a 

percentage (A). CD4+ T-cell subsets, (B), percentage 

(left panel) and MFI (right panel). Naïve (Nv); Central 

Memory (CM); Transitional Memory (TM); Effector 

Memory (EM); Terminally Differentiated (TD). 

(1) Current CD4+ T-cell count and expression of homeostatic and 

inflammatory chemokine receptors are strongly associated. 
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Table 2: Correlations between chemokine receptor 

expression and current CD4+ T-cell count. Spearman 

Rho correlations revealed strong statistically significant 

positive relationships between CCR7 expression and 

current CD4+ T-cell count and inverse relationships with 

CCR5, CCR6, and CXCR3, 

 Percentage 

CD4+ T-cell count 

 

 CCR7+CD4+ r 0.561 

  pvalue <0.0001 

CCR6+CD4+ r -0.421 

  pvalue <0.01 

 CXCR3+CD4+ r -0.551 

  pvalue <0.0001 

CCR5+CD4+ r -0.493 

  pvalue <0.001 

 CXCR5+CD4+ r -0.148 

  pvalue 0.317 

 Percentage 

Integrated HIV DNA 

copies/million 

 CCR7+CD4+ r -0.196 

  pvalue 0.182 

CCR6+CD4+ r 0.247 

  pvalue 0.091 

 CXCR3+CD4+ r 0.265 

  pvalue 0.069 

CCR5+CD4+ r 0.290 

  pvalue 0.045 

 CXCR5+CD4+ r 0.135 

  pvalue 0.362 

Table 4: Correlations between chemokine 

receptor expression and the reservoir. 

Spearman Rho correlations were performed 

and CCR5 expression was moderately 

statistically significantly associated with 

integrated HIV DNA. There were no other 

significant relationships between other markers 

of the reservoir  total  or 2- LTRHIV DNA and 

US-RNA. There were no satistically significant 

correlations between chemokine concentration 

in the plasma and the reservoir.    

HIV Reservoir   Current CD4+ 

T-cell count 

Nadir CD4+ 

T-cell count 

Integrated HIV DNA r -0.523 -0.097 

  p value <0.0001 0.512 

Total HIV DNA r -0.174 -0.066 

  p value 0.247 0.661 

2-LTR HIV DNA r -0.060 -0.454 

  p value 0.697 0.002 

Cell-associated  r -0.126 -0.095 

Unspliced HIV RNA p value 0.415 0.539 

Table 5. Negative binomial 

regressions models: Four 

models were run (1) Single 

predictor which compared 

integrated HIV DNA to the 

percentage chemokine receptor 

expression on total CD4+ T-

cells. (2) Adjusted for the effect 

of current CD4+ T-cell count. (3) 

Adjusted for the effect of nadir 

CD4+ T-cell count. (4) Adjusted 

for the effects of both current 

and nadir CD4+ T-cell count. 

Percentage CCR5+ CD4+ T-

cells values were Log2 

transformed; p value <0.05 are 

statistically significant and in 

bold. CCR5-integrated HIV DNA 

model data represented here is 

post-sensitivity testing where 

two outliers were removed.   

(4) In multivariate models, adjusting for current and nadir CD4+ T-cell counts, 

CXCR3 and CCR5 are associated with 2-LTR circles.  

(3) CCR5 expression is associated with integrated HIV DNA. 

Table 3: Correlations between HIV reservoir markers 

and current and nadir CD4+ T-cell count. Statistically 

significant  inverse relationships were seen between 

current CD4+ T-cell count and integrated HIV DNA, and 

nadir CD4+ T-cell count and 2-LTR circles.  p value 

<0.05 are statistically significant and in red bold  

Parameter                                      n=48 n=20 

Gender, n (%) 

Male 

Female 

Transgender 

 

46 (96%)  

1 (2%)  

1 (2%) 

 

20 (100%)  

0 (0%)  

0 (0%) 

Age, years 57 (51-62) 58 (50-62) 

 216 (133-385) 136 (78-376) 

 684 (533-858) 639 (496-733) 

Current CD4 percentage 32 (26-41) 30 (23-35) 

ART, years 8.53 (5.02-12.37) 11 (5.33-13.13) 

Viral load (copies/ml) <50 <50 

B 

(2) Current and nadir CD4+ T-cell counts are inversely correlated with 

integrated DNA and 2-LTR circles 

(6) Summary 

2. There is a strong association between nadir CD4 and 2-LTR 

circles suggests that persistent virus replication may be greatest 

in those who initiate ART late. 

4. CM cells that express CXCR3 and CCR6 were enriched for integrated DNA 

3. Multivariate analysis adjusting for current and nadir CD4, showed that CXCR3 

and CCR5 were associated with 2-LTR expression 

1. There is a strong association between current CD4 and 

expression of both inflammatory and homeostatic chemokines as 

well as the size of the reservoir as measured by int DNA 

Figure 2: Quantification of the HIV reservoir in sorted 

CD4+ T-cells from PBMC isolated from patients 

receiving suppressive cART. Cell-associated unspliced 

HIV RNA was quantified using semi-nested QPCR and 

HIV DNA species also with QPCR..  

HIV+ Volunteers

UCSF, USA
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Rectal tissue enriched with CCL20 mRNA while 

LN tissue enriched with CCL19 & CCL21 mRNA
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LN: HIV Reservoir related to expression of CCL5, 

CCL19, CCL21 or CXCL13 CK mRNA

Negative Binomial Regression Modeling

Fold change in HIV reservoir outcome per 2 fold increase in CK mRNA predictor

p<0.05 observed in models adjusted for current or nadir CD4 count

	

TISSUE CK
 

HIV RESERVOIR 

iDNA
 

CA-US RNA
 CA-US RNA: 

iDNA 

LN 

CCL5 
0.20 (0.05 to 0.84) 

p=0.028 

0.15 (0.02 to 1.22) 
p=0.076 

0.71 (0.06 to 9.15) 
p=0.79 

CCL20 
0.30 (0.09 to 1.00) 

p=0.050 
0.26 (0.04 to 1.74) 

p=0.17 
0.97 (0.18 to 5.29) 

p=0.97 

CCL19 
0.15 (0.05 to 0.50) 

p=0.0017 
0.05 (0.01 to 0.30) 

p=0.0011 
0.37 (0.07 to 2.09) 

p=0.26 

CCL21 
0.33 (0.10 to 1.07) 

p=0.064 
0.10 (0.01 to 0.73) 

p=0.024 
0.49 (0.10 to 2.29) 

p=0.36 

CXCL9 
0.88 (0.22 to 3.54) 

p=0.86 
5.10 (0.40 to 64.39) 

p=0.21 
2.20 (0.79 to 6.09) 

p=0.13 

CXCL10 
0.88 (0.13 to 6.10) 

p=0.89 
1.48 (0.06 to 34.51) 

p=0.81 
1.48 (0.29 to 7.53) 

p=0.63 

CXCL11 
0.50 (0.12 to 2.07) 

p=0.34 
0.71 (0.05 to 9.73) 

p=0.80 
2.26 (0.50 to 10.23) 

p=0.29 

CXCL12 
0.64 (0.36 to 1.14) 

p=0.13 
0.45 (0.17 to 1.16) 

p=0.10 
0.81 (0.39 to 1.68) 

p=0.56 

CXCL13 
1.29 (0.57 to 2.95) 

p=0.54 
3.94 (1.11 to 14.04) 

p=0.034 
2.02 (0.72 to 5.69) 

p=0.18 

*
*
*
*

*

*

*

*
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RECTUM: HIV Reservoir not related to current 

expression of chemokine mRNA

	

TISSUE CK 

HIV RESERVOIR 

iDNA CA-US RNA CA-US RNA: 

iDNA 

RECTUM 

CCL5 
1.07 (0.52 to 2.20) 

p=0.85 
1.81 (0.50 to 6.61) 

p=0.37 
1.35 (0.51 to 3.58) 

p=0.55 

CCL20 
0.97 (0.68 to 1.37) 

p=0.85 
0.92 (0.41 to 2.05) 

p=0.83 
1.05 (0.67 to 1.66) 

p=0.83 

CCL19 
1.15 (0.84 to 1.58) 

p=0.37 
1.25 (0.63 to 2.52) 

p=0.52 
1.07 (0.65 to 1.76) 

p=0.78 

CCL21 
0.83 (0.61 to 1.12) 

p=0.22 
0.92 (0.52 to 1.65) 

p=0.79 
1.07 (0.69 to 1.66) 

p=0.77 

CXCL9 
1.19 (0.76 to 1.88) 

p=0.44 
1.54 (0.82 to 2.90) 

p=0.18 
1.29 (0.65 to 2.57) 

p=0.47 

CXCL10 
1.25 (0.85 to 1.82) 

p=0.26 
1.95 (0.98 to 3.89) 

p=0.057 
1.38 (0.77 to 2.48) 

p=0.28 

CXCL11 
1.24 (0.90 to 1.72) 

p=0.19 
1.68 (0.97 to 2.90) 

p=0.063 
1.29 (0.80 to 2.08) 

p=0.30 

CXCL12 
0.86 (0.34 to 2.14) 

p=0.74 
0.28 (0.03 to 2.49) 

p=0.25 
0.64 (0.20 to 2.07) 

p=0.46 

CXCL13 
1.05 (0.81 to 1.35) 

p=0.73 
1.21 (0.79 to 1.85) 

p=0.39 
1.12 (0.80 to 1.56) 

p=0.51 

Negative Binomial Regression Modeling

Fold change in HIV reservoir outcome per 2 fold increase in CK mRNA predictor

p<0.05 observed in models adjusted for current &/or nadir CD4 count*

R
6+

X
3+

TM
 %

R
5+

R
6+

X
3-

TM
 %

R
5+

%
 R

6-
X
3+

TM
 %

R
5+

R
6-

X
3-

TM
 %

R
5+

0

20

40

60

80

100

%
 T

o
ta

l 
C

D
4
+

 m
e
m

o
ry

 
T
-c

e
ll
 R

6
X

3
 s

u
b

s
e
ts

R
6+

X
3+

TM
 %

R
5+

R
6+

X
3-

TM
 %

R
5+

%
 R

6-
X
3+

TM
 %

R
5+

R
6-

X
3-

TM
 %

R
5+

0

20

40

60

80

100

%
 T

o
ta

l 
C

D
4
+

 M
e
m

o
ry

 
R

6
X

3
 T

-c
e
ll
 s

u
b

s
e
ts **

**
** **

** **

****
**** ****

******

R
6+

X
3+

 %
R
5+

R
6+

X
3-

 %
R
5+

%
 R

6-
X
3+

 %
R
5+

R
6-

X
3-

 %
R
5+

0

20

40

60

80

100

%
 T

o
ta

l 
C

D
4
+

 m
e
m

o
ry

 
T
-c

e
ll
 R

6
X

3
 s

u
b

s
e
ts ****

****
**** ********

Rectal CCR6+ CXCR3+ memory CD4+ T cells 

also enriched in CCR5

Blood

Wilcoxon matched-pairs signed rank

**** p < 0.0001,    *** p < 0.001,    ** p < 0.01,    * p < 0.05
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Rectal tissue enriched in CCR6+ CXCR3+ CD8-

total memory T cells
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**** p < 0.0001,    *** p < 0.001,    ** p < 0.01,    * p < 0.05

non R6+X3+ pool

Blood Rectum

Calculating relative contribution of a T cell subset 

to total HIV iDNA reservoir in all T cell subsets 

1. Determine relative pool of HIV infected cells per T cell subset

(HIV iDNA per 10^6 cells in T cell subset) x (subset frequency) / 100

ie. assess for each T cell subset: R6+X3+, R6+X3-, R6-X3+ or R6-X3-

2. Determine sum of relative pool of infected cells in ALL T cell subsets

ie. add individual relative pool of infected cells for 4 R6X3 subsets

3. Determine relative contribution of T cell subset to total HIV iDNA in all subsets

x 100/Relative pool of HIV infected 

cells per T cell subset
( ) Sum of relative pool of HIV infected 

cells for ALL T cell subsets
( )


