Supplementary data

Supplementary Material and Methods.

Patient and healthy volunteers
Description of Cross sectional cohort: Figures 2, 3, S1.

The cohort of patients used to study the expression of CD127, Eomes and T-bet consisted of healthy controls (n=13), patients with viral loads (HIV-RNA levels) >50 copies/ml (n=14), and patients treated with cART and suppressed HIV-RNA levels to <50 copies/ml (n=13). Those patients with HIV-RNA levels <50 copies/ml had a median CD4 T cell count of 233 cells/μl (211-251 cells/μl) and median CD8 T cell count of 635 cells/μl (500-855 cells/μl). The patients with viral loads >50 copies/ml had a median CD4 T cell count of 320 cells/μl (134-492 cells/μl), median CD8 T cell count of 943 cells/μl (691-1,452 cells/μl), and median viral load of 33,443 copies/ml (21,353-83,704 copies/ml). Values between brackets represent 25 and 75 percentiles.

Description of Longitudinal cohort: Figures 4, S4.

The cohort of patients used to study the effect of cART on the expression of Eomes, T-bet and CD127 consisted of HIV infected patients (n=13) followed longitudinally from T0, a viremic time point (>50 copies/ml), to T1, a time point with the first result of HIV-RNA <50 copies/ml, to T2, a third time point at least five months (5-8 months) HIV-RNA <50 copies/ml. At the initial time point these patients had a median viral load of 40,883 copies/ml (19,611-70,588 copies/ml), median CD4 T cell count of 267 cells/μl (206-375 cells/μl) and median CD8 T cell count of 931 cells/μl (590-1,294 cells/μl). At the first time point when the patients had viral loads of <50 copies/ml they had a median CD4 T cell count of 337 cells/μl (290-434 cells/μl), and median CD8 T cell count of 1023 cells/μl (623-1303 cells/μl). At the final time point, 5-8 months of suppressed viremia, patients had a median CD4 T cell count of 504 cells/μl (355-605 cells/μl), and median CD8 T cell count of 873 cells/μl (666-1,536 cells/μl). Values between brackets represent 25 and 75 percentiles.

Flow cytometry

The next day cells were washed and labeled with live/dead (Invitrogen, NY). Cells were then washed in staining buffer (HBSS+0.01% BSA+0.01% NaN3) and incubated for 10 minutes with 10 g/ml human IgG (Sigma-Aldritch, MO) to block potential Fc receptor binding. The cells were next stained for 30 minutes at 4°C with a mixture of the following mAbs: anti-CD3 PerCP (BD, clone SK7), anti-CD8 Qdot605 (Invitrogen, clone 3B5), anti-CD27 APC-H7 (BD, clone M-T271), anti-CD45RA Pacific Blue (Invitrogen, clone MEM-56) and CD127 FITC (BD, clone hIL-7R-M21). The cells were washed twice with staining buffer and then fixed and permeabilized with FoxP3 staining buffer following the manufacturers protocol (eBiosciences, CA) before undergoing intracellular staining with anti-human Eomes Alexa Fluor® 647 (eBiosciences, clone WD1928) and PE mouse anti-human T-bet (BD, clone O4-46) for 30 minutes at 4°C. A full cocktail of mAbs minus the mAb of interest for Alexa-647, PE, or FITC (FMO), was utilized as a control for gating and analysis 69[]
. The cells were washed and analyzed with a BD LSR II using FACSDiva software. Data were subsequently analyzed using FlowJo (Tree Star, Inc, OR). Cells were pre-gated in the live population followed by CD3+CD8+ gating before the subsets were analyzed. Quadrants were applied for the individual subsets based on the FMO for Eomes, T-bet, and CD127.

Sorting and Quantitative Real-time PCR
CD8+ T cells from HIV infected patients with HIV-RNA levels of >50 copies/ml (n=4), <50 copies/ml (n=4) and CD8+ T cells from healthy controls (n=6) were isolated by negative selection (Miltenyi Biotech, CA). Cell sorting of CD8 T cells into subsets was then performed based on surface staining for CD45RA and CD27 
 ADDIN EN.CITE 

[44, 46, 47]
 to defined CD8 T cell subsets. Because of the immune activation during HIV infection, we included the activation marker HLA-DR to clearly distinguish resting from activated CD8 T cell subsets and defined, naïve (CD45RA+CD27+CD127highHLA-DR-), memory CD127high phenotype (CD45RA-CD27+CD127highHLA-DR-) and memory CD127low (CD45RA-CD27+CD127lowHLA-DR+); the latter population was highly enriched in patients with HIV infection in comparison with healthy controls (Figure 1A)
 ADDIN EN.CITE 

[44, 46, 47]
. Finally, the Terminal Effector memory (TEMRA), were (CD45RA+CD27-) and expressed high levels of HLA-DR; this population in healthy controls could not be analyzed because of the low recovery after sorting (Figure 1A).
Sorted cell populations were spun down and stored as dry pellets at -80°C. Total RNA was isolated using the RNEasy kit (QIAGEN). RNA was reverse transcribed into cDNA by oligo (dT) priming with the QuantiTect Reverse transcription kit (Qiagen). Quantitative RT-PCR (qRT-PCR) was performed with an ABI PRISM 7900HT Sequence Detection System and the QuantiTect SYBR Green detection system (QIAGEN) with the following primers: EOMES (F: 5’-GCTTCCGTGCCCACGTCTACC-3’, R: 5’-CAAGAAAGGAAACATGCGCCTGCC-3’), GZMB (F: 5’-CAGTGCAGGAAGATCGAAAGTGCGA-3’, R: 5’-AGGGCCTCCAGAGTCCCCCTTAA-3’),PRF1 (F: 5’-GGGATTCCAGAGCCCAAGTGC-3’, R: 5’-ACTTGTGGCTGCGCTTGCAC-3’), mIL7RA (F: 5’-GAAATATGTGGGGCCCTCGT-3’, R: 5’-TGCAGGTTAGACTCTTTTCTCCAA-3’), and sIL7RA (F: 5’-AGAAAGCTCCAACCGGCAG-3’, R: 5’-GCCATACGATAGGCTTAAIIIIIAGCTATTA-3’). Gene expression values of the transcripts mIL7RA, sIL7RA, EOMES, GZMB, PRF1were normalized to those of RPL13 in the same sample.
As previously described in 11[]
 samples were analyzed for transcript levels of genes related to cytokine signaling using the JAK/STAT Signaling Pathway microarray (SABiosciences Frederick, MD). Briefly, total RNA was harvested from each individual T cell subset from each patient (n=4) or healthy control (n=4) and contaminating DNA was digested with DNase. Messenger RNA was converted to cDNA and loaded onto PCR array plates for quantitative real-time PCR. Quantification of transcript levels was determined by normalizing to 5 housekeeping genes from each individual sample (GSE25456: http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?token=fhmpncgiqqaqwfs&acc=GSE25456). Relative gene expression levels for each subset were averaged and compared between cell populations from the patient group and healthy controls. Because of the multiple comparisons only P values ≤ 0.01 were considered significant.

Statistical Analysis

The t-test was used for comparisons of gene expression levels in CD8 T cell subsets and a P value <0.01 was considered significant. We applied a more stringent significance level of ≤0.01. Between-group comparisons were done by Wilcoxon rank-sum test and within-group comparisons by Wilcoxon signed rank test. For the association between CD127 expression and levels of transcription factors, Spearman’s correlation coefficients were computed. A P value <0.05 was considered significant in all scenarios unless otherwise indicated.
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Figure S1. Expression of CD127 is reduced in memory CD8 CD27high T cells from HIV infected patients with HIV-RNA levels >50 copies/ml. 

PBMCs from healthy controls (n=13), patients with viral loads of >50 copies/ml (n=14), and <50 copies/ml (n=13), were analyzed for CD127 expression on (A) CD8 and (B) CD4 T cell subsets (naïve, memory and TEMRA) by flow cytometry.  The red line of the histogram represents the FMO for each individual subset; the blue line represents CD127 staining. Comparisons of CD127 median fluorescence intensity in (C) CD8 and (D) CD4 T cell subsets from patient cohorts was performed by non-parametric Wilcoxon test. A P value <0.05 was considered significant.
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Figure S2. Expression of Perforin and Eomes in CD8 T cells from HIV infected patients and healthy controls.

The cohort of patients used in the ex vivo CD127, Eomes and Perforin expressions consisted of healthy controls (n=18), viremic patients with viral loads of >50 copies/ml (n=17), and <50 copies/ml (n=17). Those patients with viremia of <50 copies/ml had a median CD4 T cell count of 276 cells/l (211-432 cells/l), median CD8 T cell count of 843 cells/l (530-1,226 cells/l). The viremic patients with viral loads of >50 copies/ml had a median CD4 T cell count of 408 cells/l (376-670cells/l), median CD8 T cell count of 893 cells/l (533-1,409 cells/l), and median viral load of 13,472 copies/ml (4,087-55,260 copies/ml).Values between brackets represent 25 and 75 percentiles.

(A) Shows gating strategy. FMO was used to set up the quadrants in the CD8 subsets for the analysis.  (B) Expression of Perforin and Eomes in CD8 T cell subsets. (C) Statistical comparison of % Perforin positive cells in each subset. Comparisons were performed by non-parametric test Wilcoxon. A P value <0.05 was considered significant.
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Figure S3. Expression of CD127, Eomes and T-bet in IFN secreting memory CD8 T cells. The cohorts represented in the figure: healthy controls (n=10), patients treated with cART and suppressed HIV-RNA levels to <50 copies/ml (n=10) and patients with viral loads (HIV-RNA levels) >50 copies/ml (n=10). Those patients with HIV-RNA levels <50 copies/ml had a median CD4 T cell count of 533 cells/μl (231-879 cells/μl) and median CD8 T cell count of 843 cells/μl (717-1,040 cells/μl). The patients with viral loads >50 copies/ml had a median CD4 T cell count of 532 cells/μl (418-722 cells/μl), median CD8 T cell count of 1,407 cells/μl (1,059-1,727 cells/μl), and median viral load of 14,721 copies/ml (7,364-64,176 copies/ml). PBMCs were rested overnight. Cells were then stimulated for 6 hs with plate bound CD3 (5g/ml) and CD28 (2.5g/ml) and Gag-peptides 2g/ml. Brefeldin A was added at 2hs of stimulation. (A) Gating strategy to select the memory IFN+ CD8 T cells. (B) Representative contour plots of the three cohorts. The gray contour plot represents the total memory population overlayed in blue with the memory IFN producing CD8 T cells. The percentages in the quadrants represent the proportion of the IFN secreting T cells (blue).  (C) Left panel represents the median fluorescence intensity of CD127, Eomes and T-bet of the memory CD8 T cells (gray color in B). The right panel represents the expression of CD127, Eomes and T-bet of the IFN secreting cells (blue color in B). Comparison between groups were done with non-parametric Wilcoxon rank-sum test.
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Table S1. Cytokines signaling associated genes

	

	
	Relative fold increase to Naïve T cells in HIV positive individuals 

	Genes
	Memory CD127high
	P-value*
	Memory CD127low
	P-value*
	TEMRA
	P-value*

	IFNAR1
	-1.82
	0.12
	-2.03
	0.01
	-1.92
	0.05

	IFNG
	4.72
	<0.01
	33.28
	<0.01
	30.10
	<0.01

	IFNGR1
	2.38
	<0.01
	1.04
	0.84
	-1.03
	0.84

	IL10RA
	3.11
	<0.01
	1.94
	0.01
	2.03
	<0.01

	IL2RA
	40.86
	<0.01
	2.30
	0.26
	-1.44
	0.55

	IL2RG
	1.18
	0.29
	1.09
	0.16
	1.24
	0.09

	IL4
	1.69
	0.16
	1.00
	0.99
	-1.32
	0.37

	IL4R
	-1.21
	0.55
	-3.19
	<0.01
	-2.87
	<0.01

	IL6ST
	-5.49
	<0.01
	-16.16
	<0.01
	-15.40
	<0.01

	IRF1
	1.72
	0.21
	2.40
	0.04
	2.43
	0.02

	IRF9
	-1.07
	0.49
	-1.52
	0.01
	-1.12
	0.63

	JAK1
	-1.04
	0.81
	-1.60
	0.01
	-1.30
	0.06

	JAK2
	1.63
	0.14
	1.26
	0.31
	1.32
	0.33

	JAK3
	-1.47
	0.06
	-2.37
	<0.01
	-2.33
	<0.01

	SOCS1
	1.12
	0.61
	-5.03
	0.01
	-18.03
	<0.01

	SOCS2
	1.08
	0.85
	-6.72
	0.01
	-1.05
	0.90

	SOCS3
	3.28
	0.02
	-5.03
	0.01
	-18.03
	<0.01

	SOCS4
	-1.64
	0.17
	-2.1
	<0.01
	-1.58
	0.05


* A more stringent significance P value of ≤0.01 for the gene expression comparisons was applied

Table S2. Association between changes in levels of CD127 and CD4 and CD8 T cell counts

	Change

Between*
	Total counts
	Total CD127

	
	
	R
	P-value

	0 to 1
	CD4
	0.028
	0.929

	0 to 2
	CD4
	0.055
	0.858

	1 to 2
	CD4
	-0.154
	0.615

	

	0 to 1
	CD8
	-0.335
	0.263

	0 to 2
	CD8
	-0.775
	0.003

	1 to 2
	CD8
	-0.703
	0.010


* change:  measured at the later time point minus that at earlier time point

Table S3. Association between serum levels of IL-7 and CD127, Eomes and T-bet expression in CD8 T cells

	Cytokine
	Transcription

factor
	Time

point
	Total CD8 T cells

	
	
	
	R
	P-value

	IL-7 pg/ml
	CD127
	0
	-0.61
	0.03

	
	
	1
	-0.12
	0.70

	
	
	2
	-0.35
	0.30

	
	Eomes
	0
	0.76
	<0.01

	
	
	1
	0.55
	0.06

	
	
	2
	0.83
	<0.01

	
	Tbet
	0
	0.44
	0.13

	
	
	1
	0.09
	0.78

	
	
	2
	0.59
	0.06


Figure S5. In vitro effect of IL-7 in Eomes, T bet and CD127 expression.


PBMCs from healthy controls were cultured with media, 10 ng/ml and 100 ng/ml of IL-7. In addition, plate bound mAbs CD3 (10 g/ml) and CD28 (5g/ml) was included as positive control. Expression of CD127, Eomes and T-bet was analyzed by flow cytometry at days 0, 1, 3 and 5 of culture.





Figure S4.  Changes of CD4 and CD8 T cell counts and serum levels of IL-7 following cART  (longitudinal patients in Figure 4).


(A) Total CD4 and CD8 T cell counts in three time points: >50 copies/ml (T0), first month <50 copies/ml (T1), and five-eight months later (T2). Median change of all patients is shown by red line. (B) Serum levels of IL-7 in the three time points of observation on patients undergoing treatment (patients Figure 4).








