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FIG 3 Effects of different phases of HIV infection on CD57- and EOMES-
expressing CD8™ T cell subsets. (A and B) Graphs present EOMES" CD57*
(A) and EOMES™ CD57% (B) percentages among CD8" T cells in PBMCs
from HD, primary HIV-infected patients (PHI; open squares), untreated vire-
mic patients (VIR; filled gray squares), ART-treated aviremic patients (ART;
open triangles), and HIV controllers (HIC; filled gray triangles). (C) Propor-
tions of EOMES™ CD57" (gray bars) and EOMES™ CD57* (black bars)
among CD57" CD8" T cells from HD and PHI, VIR, ART, and HIC patients.
P values are indicated.

11866 jvi.asm.org

graph). When we focused on the EOMES™ CD57" CD8™ T cell
subset, i.e., the fraction exhibiting high cytolytic content ex vivo,
we observed higher proportions in HIV-infected patient groups,
including primary infected individuals (14.1% [2.4% to 29.9%];
P = 0.0004), chronically infected patients (18.8% [4.6% to
35.2%]; P < 0.0001), aviremic ART-treated patients (23.9%
[2.7% to 40.2%]; P < 0.0001), and HIV controllers (16.4% [0.2%
to 42.3%]; P = 0.0018) than in healthy donors (4.0% [0.5% to
24.4%]), while we failed to detect any significant difference among
HIV-infected patient groups (Fig. 3A, lower graph). Because such
increases may be directly driven by the higher percentage of
CD57-expressing cells among CD8™ T cells observed in HIV-in-
fected patients (as shown in Fig. 1B), we analyzed the proportions
of EOMES™ CD57" and EOMES™ CD57" fractions among
CD57-expressing CD8 " T cells. We observed that primary HIV-
infected, chronically viremic, and aviremic ART-treated patients
presented a significant reduction in the proportions of EOMES"!
cells among CD57" CD8™ T cells associated with an increase on
the EOMES™ fraction (Fig. 3B). Interestingly, HIV controllers
represented the only patient group retaining a balance of these two
subsets similar to that observed in healthy donors (Fig. 3C). Col-
lectively, these results show that while displaying proportions of
CD57" CD8" T cells similar to those of other groups (Fig. 1B),
HIV controllers retained higher proportions of EOMES™ cells
among CD577 cells.

HIV-specibc CD8 T cells from HIV controllers present an
EOMES' CD57 phenotype. We next assessed EOMES and
CD57 expression in HIV-specific CD8™" T cells from chronically
viremic patients (n = 10), aviremic ART-treated individuals (n =
7), and HIV controllers (n = 9) identified using HIV epitope-
HLA-I pentamers (Fig. 4A). We detected significantly higher pro-
portions of EOMES"™ CD57" cells (i.e., the fraction exhibiting
higher survival and proliferation profiles) among HIV-specific
CD8" T cells from HIV controllers (62.8% [26.3% to 91.2%])
than in cells from both chronic viremic (37.7% [25.2% to 62.9%];
P = 0.0076) and ART-treated (53.1% [35.7% to 80.2%]; P =
0.0418) patients (Fig. 4B). Conversely, lower proportions of
EOMES™ CD57" cells (i.e., the fraction exhibiting higher cyto-
lytic molecule contents ex vivo) among HIV-specific CD8™" T cells
were observed in HIV controllers (1.9% [0.2% to 10.7%]) than in
both chronic viremic (21.4% [2.7% to 40.1%]; P = 0.0010) and
ART-treated (21.1% [3.5% to 41.7%]; P = 0.0418) patients (Fig.
4C). Restricting the analysis to CD57* HIV-specific CD8™" T cells,
we observed the lowest proportions of EOMES™ cells among
CD57-expressing cells in chronical viremic HIV-infected individ-
uals (53.1% [30.9% to 90.3%]) (Fig. 4D). In contrast, CD57"
HIV-specific CD8" T cells from HIV controllers were almost
completely constituted by EOMES™ CD57* cells (96.7% [85.5%
t0 99.7%]), EOMES™ CD57" cells being barely detectable (Fig.
4D). These data confirm in HIV-specific CD8" T cells results ob-
tained in analyses performed on global CD8 " T cells and indicate
that CD57-expressing HIV-specific CD8 " T cells from HIV con-
trollers presented a skewed phenotype toward an EOMES"
CD57" phenotype compared with both those from viremic and
aviremic ART-treated patients.

Higher EOMEY' CD57 proportions among both global
and HIV-specibc CD8 T cells are associated with lower viral
loads.Finally, we studied whether CD57-expressing CD8™ T cells
subsets correlated with viral load in chronically HIV-infected un-
treated patients. HIV load did not correlate with CD57" proportions
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FIG 4 HIV-specific CD8" T cells from HIV controllers present a peculiar EOMES™ CD57" phenotype. (A) Representative dot plots of EOMES and CD57
expression in total (upper graphs) and HIV-specific (lower graphs) CD8™ T cells from VIR, ART, and HIC patients. (B and C) Proportions of EOMES™ CD57 "
(B) and EOMES™ CD57* (C) cells among HIV-specific CD8" T cells from VIR (gray filled squares), ART (open triangles), and HIC (gray filled triangles)
patients. (D) Proportions of EOMES™ CD57 " (gray bars) and EOMES™ CD57" (black bars) among HIV-specific CD57 " CD8™" T cells from VIR, ART, and HIC

patients. P values are indicated.

of either total (Fig. 5A, upper graph) or HIV-specific (Fig. 5B, upper
graph) CD8™ T cells. However, when we took into account CD57 "
CD8" T cell heterogeneity in terms of EOMES expression, we de-
tected a significant inverse correlation between viral load and
EOMES" CD57" proportions among both total (r = —0.4269; P =
0.0054) and HIV-specific (r = —0.6062; P = 0.0077) CD8™" T cells
(Fig. 5, middle graphs). In contrast, while no association with viral
load was observed when considering the immediately cytotoxic
EOMES™ CD57" subset among total CD8 T cells (Fig. 5A, lower
graph), we found a significant, positive correlation between viral lev-
els and the proportion of EOMES™ CD57 " cells among HIV-specific
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CD8" T cells (r = —0.7596, P = 0.0003) (Fig. 5B, lower graph).
Collectively, these results revealed differential impact of CD57-ex-
pressing subsets on viral load and supported the notion that the
EOMES" CD57" subset, which exhibits a higher proliferation capac-
ity and homeostatic potential but lower immediate cytotoxic poten-
tial, could play a role in viral control.

DISCUSSION

The CD57 antigen, a member of the N-CAM family initially de-
scribed as a natural killer cell marker, has been reported to identify
human CD8™ T cells displaying high cytotoxic activity and poor
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FIG 5 Relationship between CD57-expressing CD8™ T cell subsets and viral load. Correlation between viral load and CD57* (upper graphs), EOMES™ CD57*
(middle graphs), or EOMES™ CD577 (lower graphs) cells among total (A) and HIV-specific (B) CD8™ T cells from untreated chronically HIV-infected patients.
Different symbols identify patients groups: viremic patients (gray filled squares) and HIV controllers (filled gray triangles). Correlations were evaluated using a
Spearman rank correlation coefficient test. Spearman r index and P value are indicated.

proliferative activity leading to the coexistence of terminally dif-
ferentiated phenotype and senescence. In vitro studies revealed
functional impairment of HIV-specific CD57" CD8" T cells as
indicated by their high susceptibility to apoptosis and activation-
induced cell death associated with a reduced capacity to prolifer-
ate in response to appropriate stimulation (1, 10, 11). Interest-
ingly, Lee et al. (16) recently demonstrated that the proportions of
CD57-expressing cells among CD28~ CD8" T cells were in-
creased following ART treatment and represented a favorable
prognostic factor during HIV infection, pointing toward a posi-

11868 jvi.asm.org

tive role for the CD57-expressing fraction. We hypothesized that
such a discrepancy relied on functional heterogeneity among
CD57-expressing CD8™ T cells. We thus aimed to further charac-
terize CD57-expressing CD8" T cells during HIV infection by
analyzing the expression of Eomesodermin (EOMES) and T-bet,
two transcription factors determining coordinately memory (20,
21) and effector (30) CD8™ T cell fate.

In healthy subjects, we distinguished two functionally different
subsets among CD57-expressing cells; the EOMES™ CD57" frac-
tion but not the EOMES™ CD57" fraction exhibited high gran-
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zyme B and/or perforin contents. Our results show that highly
cytotoxic, terminally differentiated EOMES™ CD57 " CD8 T cells
presented the highest levels of T-bet expression, in accordance
with data from Hersperger et al. (31). Conversely, EOMES™
CD57" cell subsets presented lower levels of T-bet expression as-
sociated with a less differentiated memory phenotype and retain
high homeostatic and proliferative potential, as revealed by high
levels of CD127 expression and a high proportion of proliferating
cells ex vivo, respectively. Such an EOMES/T-bet coexpression
pattern supports in human CD8" T cells a model in which the
relative expression levels of T-bet and EOMES in CD8" T cells
reciprocally promote a terminal effector differentiation versus a
memory fate, as previously suggested for mice (20-22). Such het-
erogeneity may provide a rationale for discrepancies concerning
functional characteristics of CD57- or EOMES-expressing cells (1,
14, 26, 29).

CD57" CD8™ T cell proportions increase physiologically dur-
ing aging (32), presumably mostly driven by chronic infections
such as with CMV. An increase in CD57 expression during
chronic HIV infection has also been documented, occurring prob-
ably as a result of chronic immune activation (11, 13). Taking
advantage of the study of several French cohorts of patients at
different phases of HIV infection, we confirmed in this work that
CD57 expression in both total and HIV-specific CD8™ T cells is
increased during the chronic phase of infection. Interestingly,
equally high percentages of CD57-expressing CD8™ T cells were
observed at the surface of CD8™ T cells isolated from viremic and
aviremic ART-treated patients and HIV controllers. Primary
HIV-infected patients exhibited a significantly reduced propor-
tion of CD57-expressing HIV-specific CD8™ T cells compared to
those exhibited by all chronically infected groups. Such a low pro-
portion of CD57-expressing cells, which include potent cytotoxic
CD8™ T cells, is in accordance with an important role for chronic
immune activation on CD57 expression and may participate in
the insufficient viral control during primary infection. We thus
further focused on the chronic stages of HIV infection. By inte-
grating EOMES expression in the analysis, we demonstrated that
HIV controllers exhibited a significantly higher proportion of
EOMES"™ CD57* CD8" T cells than did both viremic and avire-
mic ART-treated patients. Extending our analysis to HIV-specific
responses, we observed that HIV-specific CD8" T cells from HIV
controllers retain an EOMES™ CD57" phenotype, in contrast to
cells from viremic and ART-treated aviremic patients, which
mostly exhibited terminally differentiated EOMES™ CD57* cells.
Our study suggests that maintenance of high EOMES expression
in CD577 cells could contribute to the higher efficiency of CD8™"
T cell responses in HIC (5-8). Indeed, among untreated chroni-
cally infected patients, proportions of EOMES™ CD57" cells
among total and HIV-specific CD8" T cells inversely correlate
with viral loads, suggesting a beneficial role for this cell population
in viral control. Conversely, the proportion of EOMES™ CD57 "
cells among HIV-specific CD8™" T cells was positively associated
with viral load, suggesting that viral persistence contributed to
terminal differentiation. However, viral load is probably not the
only factor responsible for the expansion of the EOMES™ CD57 ™"
fraction, as HIV-specific CD8™ T cells from HIV controllers still
exhibited significantly lower proportions of the EOMES™ CD57 "
fraction and higher proportions of the EOMES" CD57™" fraction
than did ART-treated aviremic patients (i.e., a patient group with
an equivalent viral load).
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Previous reports have suggested that HIV-specific CD8* T
cells from HIV controllers have a greater capacity to produce cy-
totoxic molecules (5, 8). Our results, demonstrating higher fre-
quencies of non-terminally differentiated, actively proliferating
EOMES" CD57" CD8" T cells in HIV controllers, are only in
apparent contrast with previous reports. Migueles and coworkers
reported that high perforin production by CD8™ T cells from HIV
long-term nonprogressors (LNTPs) was a consequence of their
ability to more readily proliferate and undergo greater numbers of
divisions upon antigen stimulation (5). Our results using
EOMES/CD57 identification led to a similar observation: the
EOMES" CD57" fraction, which exhibited a higher proliferative
capacity, was associated with better viral control. It is tempting to
speculate that the large and rapid expansion of HIV-specific
CD8" T cells from LNTPs partly reflects the higher fraction of
EOMES" CD57" fraction among CD57-expressing HIV-specific
CD8™ T cells. The use of the EOMES/CD57 combination requires
intracellular staining and thus does not allow us to directly dem-
onstrate the cytotoxic potential of the EOMES™ CD57* fraction
upon in vitro simulation. CD57 expression was higher in the
EOMES™ CD57 " fraction than in the EOMES"™ CD57" fraction,
which leads us to question whether a higher level of CD57 expres-
sion may reflect higher terminal differentiation. We may therefore
speculate that EOMES"™ CD57" CD8™" T cells could represent a
progenitor subset ready to rapidly proliferate and further differ-
entiate into fully functional, perforin-producing EOMES™
CD577 cells upon antigenic encounter. Accordingly, Buckheit et
al. have previously demonstrated that HIV-specific CD8 " T cell
subsets exhibit different in vitro suppressive activities depending
on the time point considered: terminally differentiated cells were
more suppressive at an early stage, whereas a less differentiated
fraction exhibited an equally suppressive function at later time
points (33). Polyfunctionality, a marker of efficient T cell re-
sponses, may thus also rely on the diversity of CD8* T cell differ-
entiation ensuring a large timescale of cytotoxic responses balanc-
ing from immediate to late induced cytotoxic activity.

In conclusion, our results demonstrate functional heterogene-
ity among CD57-expressing CD8" T cells. CD57-expressing
CD8™ T cells include both terminally differentiated, highly cyto-
toxic CD8" T cells and less differentiated cells that may act as
progenitors capable of rapidly proliferating and further differen-
tiating into fully functional, perforin-producing EOMES™
CD57" cells upon antigenic encounter. We identified a skewed
balance between EOMES™ CD57" and EOMES™ CD57* CD8*
T cells in HIV controllers, who exhibited a more preserved
EOMES™ CD57" fraction. Importantly, such a less differentiated
profile was associated with viral control. Our study suggests that
maintenance of high EOMES expression could contribute to the
higher efficiency of cytotoxic responses by developing an adequate
balance between less differentiated and terminally differentiated
fractions.
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