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Abstract

Background: During HIV infection distinct mechanisms drive immune activation of the CD4
and CD8 T cells leading to CD4 T-cell depletion and expansion of the CD8 T-cell pool. This
immune activation is polyclonal and extends beyond HIV-specific T cells. One consequence of this
immune activation is a profound decrease in IL-7Ra (CD127) expression on memory CD8 T cells.
The mechanisms leading to this are unknown and because of the potential impact of reduced IL-7
signaling in memory T cells specific to HIV and other pathogens, in the present study we
examined the molecular mechanisms implicated in this downregulation of CD127.

Methods: Membrane bound (m/L 7RA) and soluble (s/L 7RA) mRNA expression was determined
by gRT-PCR. CD127, Eomesodermin (Eomes) and T-bet expression in healthy controls and HIV-
infected patients were studied by flow cytometry.

Results: CD127 downregulation occurs at the transcriptional level for both m/L7RA and s/L7RA
alternative spliced forms in the CD127!°% memory CD8 T cells. CD127'°% memory CD8 T cells
exhibited increased Eomes expression and an ‘effector-like’ gene profile. These changes were
associated with higher HIV-RNA levels. Following combination antiretroviral therapy (CART),
there was an increase in CD127 expression over an extended period of time (>5 months) which
was associated with decreased Eomes expression.
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Conclusion: CD127 is downregulated at a transcriptional level in memory CD8 T cells in
association with upregulation of Eomes expression.
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Introduction

The hallmark of the pathogenesis of HIV infection is the depletion of CD4 T cells and a
global immune activation involving most elements of the innate and adaptive immune
systems including both the CD4 and CD8 T-cell pools. This immune activation extends
beyond HIV-specific response and T cells with other specificities also show an activated
phenotype [1]. There is substantial evidence that immune activation leads to immune
dysfunction and ultimately the development of AIDS, which is associated with opportunistic
infections and poor vaccine responses [2].

Activation of the CD4 and CD8 T-cell pools is manifested in a variety of ways such as an
increased proportion of *‘memory-like’ phenotype T cells, increased expression of surface
activation markers such as HLA-DR and CD38 [3] and increased proportion of proliferating
CD4 and CD8 T cells in vitroand in vivo [4-10]. The mechanisms driving activation of CD4
and CD8 T cells are distinct and are associated with differences in the homeostatic
regulation of these pools. Proliferation of CD4 T-cell subsets is driven by a combination of
the homeostatic response to the CD4 T-cell depletion and the inflammatory environment
driven by viremia. These environments are reflected by increased expression of mMRNA
transcripts of genes associated with signaling of both common gamma-chain (yc) cytokines
and Type-I IFN in naive (CD45RA*CD27*) and memory (CD45RACD27") phenotype
CDA T cells [11-13]. In contrast, the main force driving immune activation of CD8 T cells
appears to be levels of HIV-RNA and the associated environment as reflected by increased
MRNA transcripts related to Type-I IFN signaling [10,11,14].

Maintenance and survival of memory CD8 T cells is primarily mediated by the homeostatic
cytokines IL-7 and IL-15 [15,16]. IL-7 signals through a heterodimeric receptor composed
of the common -y-chain (CD132), which is shared with other cytokines such as IL-2, IL-4,
IL-9, IL-15 and IL-21, and the IL-7-specific a-chain (IL-7Ra or CD127) [17-19]. Although
IL-7 signaling is primarily regulated by membrane-bound CD127 (mCD127), recent data
have also suggested that a soluble form of CD127 (sCD127) may serve as a decoy receptor
and suppress I1L-7 signaling. Both an alternative spliced isoform, encoding only the
ectodomain of CD127 as well as the generation of a proteolytically cleaved CD127 from the
cell surface, have been suggested as pathways leading to sSCD127 production [20-26].
Several groups have reported that the immune activation of memory CD8 T cells during HIV
infection is associated with a loss of CD127 expression, leading to a poor response to /n
vitro stimulation with 1L-7 [27-32].

CD127 can be downregulated by T-cell receptor (TcR) stimulation. The differentiation of
naive T cells into effector and memory T cells is orchestrated by a partially defined network
of signals from TcR, costimulation and cytokines [33]. Expression of the T-box transcription
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factors, T-bet and Eomes have been described as critical master regulators for the
differentiation of CD8 T cells into effectors, driving the expression of cytotoxic molecules
[34-36]. Studies in animal models have shown that despite the overlapping roles of T-bet
and Eomes in effector differentiation [35,37,38], they have reciprocal functions in promoting
effector versus memory differentiation [39-43]. Animals lacking T-bet showed an enhanced
differentiation of central memory CD8 T cells [36,38]. Conversely, memory CD8 T cells
from animals lacking Eomes have diminished long-term persistence and secondary
expansion after challenge [39].

In humans, the roles of Eomes and T-bet expression have been studied in the context of CD8
T-cell effector differentiation and function. CD8 T cells from patients infected with human
cytomegalovirus (CMV) have higher mRNA expression of the transcription factors Eomes
and T-bet on cells with a ‘terminal effector memory (TEMRA) phenotype’ (CD45RA
*CD277) [44]. HIV-specific CD8 T cells from elite controllers have been reported to have
higher levels of T-bet after stimulation than CD8 T cells of HIV-infected progressors [45].

Because of the potential impact of the loss of IL-7 signaling in immunity against HIV, other
pathogens and vaccine responses in HIV-infected patients, in the present study we examined
the mechanisms that could be involved in the regulation of CD127 expression in the memory
CD8 T-cell pool irrespective of any specificity. We found that mMRNA transcription of both
membrane bound — and soluble splice form — /L 7RA were downregulated in the memory
CD127'°" CD8 T cells that accumulate in HIV-infected patients with poorly controlled
viremia. This downregulation was associated with an “effector-like’ differentiated gene
profile and higher levels of Eomes. Moreover, recovery of CD127 expression on the memory
CD8 T cells from patients undergoing combination antiretroviral therapy (CART) was
strongly associated with a decrease in Eomes expression that continued to evolve even after
5 months of therapy and suppressed viremia. These data suggest that HIV-driven immune
activation leads to increased expression of Eomes in association with CD8 T-cell activation
and downregulation of CD127.

Materials and methods

Patient and healthy volunteers

Patients and healthy controls were consented and studied in NIAID/CCMD intramural
program IRB approved HIV clinical research studies. The patients analyzed in the cross-
sectional cohort and patients used to study the effect of CART on the expression of Eomes,
T-bet and CD127 longitudinally are described in supplementary material and methods,
http://links.lww.com/QAD/A346.

Flow cytometry

Frozen PBMCs from patients and healthy controls were thawed and rested overnight before
staining (see supplementary material and methods, http://links.lww.com/QAD/A346).
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Sorting and quantitative real-time PCR

Sorted CD8* T-cell subsets from HIV-infected patients with HIV-RNA levels of more than
50 copies/ml, less than 50 copies/ml and from healthy controls were analyzed for mMRNA
expression (see supplementary material and methods, http://links.lww.com/QAD/A346).

Statistical analysis

See supplementary material and methods, http://links.lww.com/QAD/A346.

Results

Decreases in membrane-bound and soluble CD127 in memory CD8 T cells from patients
with chronic HIV infection are due to decreased IL7RA transcription

Memory CD8 T cells from patients with HIV infection and viral loads more than 50
copies/ml show a profound decrease in the expression of CD127 (Figure S1, http://
links.lww.com/QAD/A346) [28,29].

The mechanisms for downregulation of CD127 could be accounted by decreased
transcription of the CD127 gene, an increased transcription of the alternative spliced CD127
isoform that encodes the soluble CD127 [20], and or shedding of the membrane-bound
CD127 [22].

We analyzed expression of /L 7RA mRNA transcripts corresponding to the membrane bound
(mlL7RA) and soluble forms (s/L 7RA) in sorted CD8 T-cell subsets, as defined in
supplementary materials and methods, http://links.lww.com/QAD/A346 [44,46,47]. Because
of the immune activation observed during HIV infection we included the activation marker
HLA-DR as a marker of activation and cell-cycle progression [48] to clearly distinguish
resting from activated CD8 T-cell subsets. Of note, the memory CD127!°% phenotypic subset
(CD45RA~CD27*CD127'°HLA-DR™) was highly enriched in patients with HIV infection
in comparison with healthy controls (Fig. 1a). However, the TEMRA subset could not be
studied in healthy controls due to low number of cells (Fig. 1a). Expression levels of /L7RA
mMRNA transcripts in CD8 T-cell subsets from healthy controls and HIV-infected individuals
are shown in Fig. 1b. The highest levels of both membrane and soluble forms of CD127
mRNA were found in the naive and memory CD1279" subsets for both HIV-infected
patients and healthy controls (Fig. 1b). We found no evidence in healthy volunteers or
patients that overexpression of the mRNA corresponding to the soluble form of CD127
could account for the decreased levels of the membrane bound form. As shown in Fig. 1, the
lack of CD127 expression on the memory CD127!W cells and TEMRA cells was clearly due
to decreased CD127 transcription.

CD8 memory CD127!°W T cells from patients with HIV infection exhibit an ‘effector-like’
transcription profile

The observation that the patterns of CD127 surface expression correlate with those observed
at the mRNA level, confirmed that CD127 expression is highly regulated at the level of
transcription [25,26]. If such regulation is a consequence of HIV-associated immune
activation, one would predict that it would correlate with either the homeostatic forces
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associated with CD4 T-cell depletion or the level of the inflammatory environment driven by
HIV-RNA [28]. When assessing the first possibility, we found that CD4 T-cell counts had no
significant contribution to the loss of CD127 in CD8 memory T cells (R = -0.230, P=
0.248). Conversely, there was a strong inverse correlation between CD127 expression and
HIV-RNA levels (R = -0.719, P< 0.001). Similar relationships were observed with the
activation markers HLA-DR (R = -0.696, A< 0.001) and combined HLA-DR/CD38 (R =
-0.807, P<0.001).

To determine if the loss of CD127 by memory CD8 T cells was associated with
differentiation into effector cells, we analyzed the mMRNA expression of genes related to
cytokine expression, signaling and regulation. This analysis revealed that the memory
CD127'°% phenotype cells showed a gene expression profile most closely related to that
observed in the ‘effector-like’ TEMRA CD8 T cells (Table S1, http://links.lww.com/QAD/
A346). In addition, a positive association was noted between CD27 and CD127 expression
(R=0.599, P=0.002).

Taken together, these data suggest that the /n vivo loss of CD127 by the memory phenotype
CD8 T cells during HIV infection is driven by differentiation into ‘effector-like’ T cells.

Increased expression of eomesodermin in the memory CD8 T cells from HIV-infected
patients is associated with loss of CD127

The above data suggested that CD127!°% memory CD8 T cells from patients with HIV
infection exhibit an “‘effector-like” gene expression profile. CD8 T-cell effector
differentiation is governed at least in part by two T-box transcription factors, Eomes and T-
bet [36,38,49]. In addition to the well defined role of Eomes in promoting effector function,
animal models have suggested a unique role for Eomes in the maintenance and fitness of
memory CD8 T cells [39]. Yet its role in humans has not been defined. To determine if the
changes in CD127 expression were associated with changes in Eomes, we examined its
expression in CD8 T-cell subsets in healthy controls and patients with HIV infection. In
healthy controls, EOMES mRNA expression was restricted to the antigen-experienced
subsets and was highest in memory CD127'°% T cells (Fig. 2a). A similar pattern was seen
in the HIV-infected cohort. In addition, the memory CD127'°W subset showed similar levels
of expression to that observed in the TEMRA, this was consistent with the ‘effector-like’
nature of this subset. Of note, EOMES, GZMB (Granzyme B) and PRF1 (Perforin)
transcripts tended to be higher in the memory CD127!%% phenotype cells of the HIV-infected
patients compared with healthy controls. This was particularly true for the patients with
HIV-RNA levels of more than 50 copies/ml (Fig. 2a).

To determine if the increased mRNA transcript levels for Eomes were associated with
increased levels of protein expression, we next measured intracellular levels of Eomes
protein in ex vivo T-cell subsets from healthy controls, HIV-infected patients with HIV-RNA
levels of more than 50 copies/ml and HIV-treated patients with HIV-RNA levels of less than
50 copies/ml (Fig. 2b). The patterns of Eomes protein expression in healthy controls
matched that observed at the mMRNA expression level. There was increased expression of
Eomes in association with increased differentiation with TEMRA > memory > naive (Fig.
2b and c). Of note, HIV-infected patients with HIV-RNA levels of more than 50 copies/ml
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demonstrated increased Eomes protein expression in the memory phenotype T cells
compared with healthy controls and patients with HIV-RNA levels of less than 50 copies/ml
(P=0.004 and P< 0.001, respectively). As reported in other systems [41], Eomes
expression was associated with the transcription of cytotoxic molecules such as Perforin.
Consistent with previous reports Perforin expression was mainly restricted to the more
differentiated subset (TEMRA) and was marginally increased in viremic HIV-infected
patients [50], when compared with healthy controls (Figure S2, http://links.lww.com/QAD/
A346). We next assessed the association of Eomes expression with IFN-y producing memory
CD8 T cells after stimulation with mAbs anti-CD3/CD28 or HIV Gag-peptides. In patients
with HIV-RNA levels of more than 50 copies/ml, IFN-y expressing memory CD8 T cells
showed increased Eomes expression when compared with healthy controls. These
differences were more pronounced in the Gag stimulated T cells from patients with HIV-
RNA levels of more than 50 copies/ml compared to those patients with suppressed viremia
(P=0.015) (Figure S3, http://links.lww.com/QAD/A346).

Expression of Eomes in the memory CD8 T cells from HIV-infected patients was directly
correlated with HIV-RNA levels (R = 0.660, A< 0.001) and inversely associated (R =
-0.810, £< 0.001) with CD127 expression (Fig. 2d and e). IFNy producing cells were
CD127'%% and showed increased expression of Eomes reflecting the ‘effector-like’ nature of
this population (Fig. S3, http://links.lww.com/QAD/A346). These results demonstrate that in
humans, Eomes can play a role in the regulation of both memory and effector CD8 T cells.

Upregulation of T-bet in the memory CD127'°% CD8 T cells from HIV-infected patients

The results above suggested that increased levels of Eomes may drive CD8 T cells to
differentiate into an ‘effector-like’ profile in association with downregulation of CD127.
Recent studies in animal models have suggested overlapping roles for Eomes and T-bet in T-
cell effector differentiation [39]. In humans, T-bet expression has been described to be
restricted to the more differentiated phenotypes and its expression to be important in CD8 T-
cell effector function [44,45,49]. Examination of CD8 T-cell subsets from healthy controls
showed that, contrary to Eomes, expression of T-bet was restricted to the TEMRA,
consistent with the suggested role of this transcription factor in effector function (Fig. 3a and
b). As in the case of Eomes, a positive correlation was noted between T-bet expression and
HIV-RNA levels (R = 0.447, P=0.012; Fig. 3c). Increased expression of T-bet was
associated with decreased CD127 expression (R = —0.746, P< 0.001; Fig. 3d) and increased
Eomes (R =0.778, £<0.001; Fig. 3e). These data suggest that the immune activation
leading to the loss of CD127 in the memory CD8 T-cell pool may occur via a transcriptional
programming involving increased expression of both T-box transcription factors Eomes and
T-bet.

Combination antiretroviral therapy leads to progressive decreases in Eomes in association
with increased expression of CD127 on memory CD8 T cells

The above results suggest that HIV driven immune activation may lead to the differentiation
of memory CD8 T cells into “effector-like” cells through increased expression of the T-box
transcription factors Eomes and T-bet. We next studied the relationships between cART and
the expression of Eomes, T-bet and CD127 in CD8 T cells. To do so, we analyzed the effects
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of CART in a cohort of HIV-infected patients followed over the course of their treatment
(Fig. 4, Table 1). Significant changes in CD4 T-cell counts (median cells/ul: 267 at T0, 337
at T1 and 504 at T2; P=0.010, £ =0.002, respectively) but not CD8 T-cell counts were
observed following initiation of cART (Figure S4, http:/links.lww.com/QAD/A346). In
addition, significant decreases in Eomes (P = 0.006) and T-bet (P< 0.001) occurred early
after treatment in the memory subset (Fig. 4b) without significant changes in CD127
expression. Following 5-8 months of treatment and HIV-RNA levels persistently less than
50 copies/ml (T2), there was a continued decrease in Eomes expression concomitant with a
significant increase in CD127 expression (P < 0.001). These observations suggest that HIV-
RNA levels in serum may not accurately reflect the degree of ongoing viral replication as
evidenced by residual immune activation in the CD8 T cells. Changes of Eomes expression
in memory CD8 T cells between TO and T2 were strongly associated with changes in CD127
expression (R =-0.830, A= 0.001; Table 1).

In addition, as observed in the cross-sectional cohort, changes in CD127 were not associated
with changes in CD4 T cells counts (Table S2, http://links.lww.com/QAD/A346). However,
as IL-7 signaling regulates the expression of CD127 at a transcriptional level [25], we tested
whether or not serum levels of IL-7 were associated with levels of CD127 expression and/or
levels of the T-box transcription factors in CD8 T cells (Table S3, http://
links.lww.com/QAD/A346). IL-7 serum levels were inversely associated with CD127
expression (R =-0.61, £ =0.03) at TO (Table S3, http://links.lww.com/QAD/A346, http://
links.lww.com/QAD/A346, Figure S4, http://links.lww.com/QAD/A346) and positively
associated with Eomes expression (R = 0.760, A< 0.01). However, in vitro, IL-7 was not
sufficient to modulate levels of Eomes or T-bet expression suggesting that other factors or a
combination of factors are involved in the modulation of these transcription factors in
patients HIV infection (Figure S5, http://links.lww.com/QAD/A346).

Discussion

The present study has clearly demonstrated a role for the T-box transcription factors T-bet
and Eomes in the regulation of the immune activation seen in the CD8 T cells of patients
with HIV infection. This activation has its most profound effect on the memory subset of
CD8 T cells in the setting of higher levels of HIV-RNA. In addition, it is associated with
downregulation of CD127 mRNA and protein, and upregulation of effector molecules such
as IFNy. The immune activation seen in the setting of HIV infection plays a major role in
disease pathogenesis ranging from susceptibility to opportunistic infections and neoplasia to
serious non-AlIDS defining diseases such as atherosclerosis, osteoporosis and cancer [51,52].
Although the precise mechanisms are poorly understood, it is clear that this is a
multifactorial process that differentially affects CD4 and CD8 T-cell subsets and may be
driven by forces from T-cell homeostasis, to Type-1 IFN, to microbial translocation
[3,8,10,53]. The level of immune activation of the CD8 T-cell pool is highly associated with
HIV-RNA levels [11,28,31,54], an inefficient immune response against HIV and other
opportunistic pathogens, and poor responses to vaccines [55-57]. CD8 T-cell-mediated
immunity relies on the survival and self-renewal characteristics of memory T cells in which
IL-7 signaling plays a critical role [31,32,58,59]. Our present data demonstrated that HI\V
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driven immune activation leads to transcriptional downregulation of both forms of the
/L 7RA, membrane associated and soluble forms.

The transcriptional downregulation of CD127 in CD8 memory T cells in the present study,
was associated with differentiation of CD8 T cells to an ‘effector-like” gene profile with
upregulation of the transcription factors Eomes and T-bet. Modulation of CD127 expression
by memory CD8 T cells has also been observed in chronic infections such as CMV in which
CMV-specific memory CD8 T cells are CD127'°%, suggesting continuous TcR engagement
of these cells in vivo [15,60]. In HIV-infected patients this phenomenon appears to be more
generalized and not restricted to HIV-specific CD8 T cells [1]. The clinical relevance of the
impact oflosing CD127 expression becomes evident from the recent studies that showed that
early treatment is beneficial to the preservation of functional CD127"9" memory T cells
[61,62].

The differences in CD127 expression between healthy controls and patients with HIV
infection were most pronounced in the memory CD8 T-cell subset [10,63]. The upregulation
of Eomes and T-bet in the memory CD8 T cells was associated with higher HIV-RNA levels.
The apparent transitional and reversible nature of this activation was evident by the regained
expression of CD127 by the memory CD8 T-cell subset following successful suppression of
HIV replication by CART.

In the present study we found that the expression of Eomes was increased in patients with
HIV infection and HIV-RNA levels of more than 50 copies/ml suggesting a role for this
transcription factor in HIV-associated immune activation. Consistent with this is the
observation that Type-I IFN is capable of inducing Eomes expression in a murine system
[64]. A recent report had demonstrated a reciprocal expression of Eomes and T-bet in
hepatitis C virus (HCV)-specific T cells isolated from liver tissue of chronically infected
patients when compared to cells isolated from patients with recently resolved infection [65].
In that study, HCV-specific T cells from the peripheral blood of infected and treated patients
showed no significant differences in their expression of T-bet and Eomes. These findings
suggest differences in the host response to viruses and antigen-specific T cells from
peripheral blood might not reflect those antigen-specific CD8 T cells that transit/reside in
peripheral tissues. Therefore, more studies analyzing the dynamics of the modulation of the
T-box transcription factors in HIV infection are needed to understand the nature of the
immune activation of these cells.

The changes observed in the context of cCART and viral loads suppressed to less than 50
copies/ml suggest that these markers of immune activation of CD8 T cells could be a
surrogate for ongoing viral replication. This is consistent with evidence from other studies
suggesting ongoing viral replication despite several months of cART treatment and viremia
suppressed to less than 50 copies/ ml [66,67]. The increased levels of biomarkers for
inflammation and coagulation such as IL-6, sSCD14 and D-dimer seen despite HIV-RNA
levels of less than 50 copies/ml is in support of this possibility. The clinical significance of
this activation/low level of replication is reflected in the increased risks of all-cause
mortality observed in patients with high levels of these markers [68].
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In the present study, patients undergoing cCART treatment demonstrated continued
immunological changes even after viral loads had declined to less than 50 copies/ml for at
least 5 months, implying that despite ‘undetectable’ viral loads there was ongoing viral
replication and virus associated immune activation [66,67]. These data are in agreement with
other studies that reported similar observations in the context of treatment [54,62].

Thus, monitoring changes of this type may be of value in the evaluation of patients in whom
strategies aimed to the eradication of HIV are studied.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Expression of IL7RA membrane and solubletranscriptsin sorted CD8 T cells.
(a) Cell sorting of CD8 T-cell subsets from healthy controls (7= 6, gray symbol) and HIV-

infected patients with viral load more than 50 copies/ml (r7= 4, red symbol) and viral load
less than 50 copies/ml (1= 4, blue symbol) was performed based on surface expression of
CD45RA and CD27. The naive CD8 T-cell subset was CD45RA*CD27*CD127"M9"HLADR
~; the memory CD8 T-cell subset was divided by expression of CD127 into memory
CD127high (CD45RA~CD27+CD127MI"HLADR™), and memory CD127°W (CD45RA
~CD27*CD127""YHLADR™). The terminal effector memory (TEMRA) subset was defined
as CD45RA*CD27-CD127'“HLADR™. The figure shows a representative example of the
sorted cohorts pregated on live CD3*CD8™ cells. (b) Relative fold increase of membrane
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bound (/m/L 7RA) and soluble (s/L 7RA) forms of the /L 7RA as determined by qRT-PCR.
The results were normalized to RPL13 expression. No significant differences were noted
between the groups at the A< 0.01 level.
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Fig. 2. Expression of Eomesand CD127 in CD8 T-cell subsetsfrom healthy controlsand HIV-

infected patients.

(a) The analysis of mMRNA expression of the transcription factor EOMES and the effector
molecules granzyme B (GZMB) and perforin (PRFI) were measured as described in Fig. 1.
(b) The protein expression of Eomes and CD127 in CD8 T-cell subsets were analyzed by
flow cytometry in PBMCs from healthy controls (7= 13), HIV-infected patients with viral
load less than 50 copies/ml (7= 13) and HIV-infected patients with viral load more than 50
copies/ml (n=14). Median fluorescence intensities for CD127 and Eomes were calculated
using FlowJo. A representative example from each of the three cohorts is displayed (gating
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strategy is shown in Figure S2). (c) Comparisons of Eomes expression in CD8 T-cell subsets
between HIV-infected groups and healthy controls. (d) Correlations between Eomes
expression and HIV-RNA levels and (e) Correlations between CD127 and Eomes
expression.
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Fig. 3. Protein expression of T-bet and CD127 in CD8 T-cell subsets from healthy controls and
HIV-infected patients.
(a) Representative dot plots from the three cohorts studied (Fig. 2 for T-bet and CD127

expression). (b) T-bet median fluorescence intensity in CD8 T-cell subsets (as above). (c)
Correlations between T-bet expression and HIV-RNA levels; and (d) Correlations between
CD127 and T-bet expression. (e) Correlations between Eomes and T-bet expression in CD8
T-cell subsets.
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Fig. 4. Effect of CART on T-box transcription factors T-bet and Eomes and CD127 expression in
CD8 T-cell subsets.

(a) Representative contour plots for CD127, Eomes and T-bet expression over three time
points: more than 50 copies/ml (T0), first month less than 50 copies/ml (T1), and 5-8
months later (T2). (b) Changes over time of the MFI of Eomes, T-bet and CD127 in CD8 T-
cell subsets. Median change denoted by red line.
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