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The Journal of Immunology

Identification and Clinical Relevance of Naturally Occurring
Human CD8+HLA-DR+ Regulatory T Cells

Lourdes Arruvito,* Florencia Payaslián,* Plácida Baz,* Ariel Podhorzer,*

Ariel Billordo,* Julieta Pandolfi,* Guillermo Semeniuk,† Eduardo Arribalzaga,‡ and

Leonardo Fainboim*

The lack of responsiveness to self and non-self Ags is normally maintained by multiple mechanisms, including the suppressive

activities of several T cell subsets. In this study, we show that CD8+ T cells from both adult peripheral blood and umbilical cord

blood mononuclear cells constitutively expressing HLA-DR represent a natural human CD8+ regulatory T cell subset. Their

suppressive effect appears to be cell-to-cell contact dependent and may involve CTLA-4 signaling between neighboring T cells.

These regulatory T cells can be expanded in vitro and exhibit a suppressive capacity similar to that observed in ex vivo CD8+HLA-

DR+ T cells. The high frequency of CD8+HLA-DR+ T cells that we detected in patients with non–small cell lung cancer deserves

further work to confirm their putative suppressor effect within the tumor. The Journal of Immunology, 2014, 193: 4469–4476.

T
he existence of T cells with suppressive capacity was first
proposed in the early 1970s (1). However, their existence
was questioned, until CD4+CD25+ T cells were charac-

terized as the most potent suppressor population among the
T lymphocytes (2–8).
In 1980, it was reported that a T cell subset induced after T cell

activation had very strong suppressor activity, and this function
was restricted to T cells expressing HLA-class II DR Ags (9).
Subsequently, we confirmed that these suppressor cells were
CD8+ T cells.
The expression of HLA-DR on human T cells has been regarded

primarily as a marker of activated T cells. However, as recently re-
ported, HLA-DR expression by human CD4+ regulatory T cells (Tregs)
also defined a functionally distinct population of mature Tregs (10).
A high level of tumor-infiltrating CD4+FOXP3+ Tregs was

correlated with a shorter time to recurrence in non–small cell lung
cancer (NSCLC) (11). Similarly, a higher ratio of CD4+FOXP3+

Tregs/T cells is correlated with shorter disease-specific survival in
stage I NSCLC (12), and it has been suggested that CD4+FOXP3+

Tregs impinge upon antitumor immune responses in patients with
cancer (13). In this context, it is also possible that Treg pop-
ulations other than CD4+FOXP3+ Tregs mediate the suppression
of antitumor responses.

Results from the current study indicate that CD8+HLA-DR+

T cells constitute a natural subset of Tregs that may represent
a separate lineage of CD8+ T cells. Their putative role in tumor
immune responses was analyzed in patients with NSCLC by
comparing their tumor infiltration with that of the classic
CD4+FOXP3+ Tregs.

Materials and Methods
Subjects

Peripheral blood (PB) samples were obtained from healthy adult donors
(HD). Cord blood (CB) samples were obtained from umbilical cord veins of
full-term healthy neonates. None of the HD, neonates, or their mothers had
any hereditary disorders, hematologic abnormalities, or infectious com-
plications.

Twelve patients with NSCLC who had not received neoadjuvant therapy
were recruited for the study with the approval of the local Ethics Committee
and after their written informed consent was obtained. Tumor, lymph node,
and metastasis staging was performed based on the 2012 National Com-
prehensive Cancer Network guidelines. All patients were diagnosed with
stage I or II NSCLC, both of which are surgically treatable. We did not
enroll patients who were at stage IIIa or stages IIIb to IV because they
cannot be surgically treated. All donors underwent surgery between July
2013 and February 2014; 11 donors received pulmonary lobectomy, and
one donor received pneumonectomy. Tumor tissues and adjacent normal
tissues were collected from patients following surgical resection at Hos-
pital de Clı́nicas “José de San Martı́n,” and a histopathological diagnosis
was obtained at the same center. The exclusion criteria were as follows:
previous malignancies, secondary lung cancer, prior chemotherapy, and
concomitant immunosuppressive diseases. The clinical characteristics of
the patients with NSCLC are summarized in Table I.

This study was approved by the Investigation and Ethics Committee at
the Hospital de Clı́nicas “José de San Martı́n” and Hospital de Pediatrı́a
S.A.M.I.C. “Prof. Dr. Juan P. Garrahan” in accordance with the Declara-
tion of Helsinki.

Mononuclear cell isolation

PBMCs or CB mononuclear cells (CBMCs) were obtained from blood
samples by Ficoll-Hypaque gradient centrifugation (GE Healthcare Life
Sciences). Adjacent normal lung tissue and tumor specimens were transported
and washed in complete medium (RPMI 1640 medium [Life Technologies]
supplemented with penicillin, streptomycin, L-glutamine [Sigma-Aldrich],
and 10% FCS [Natocor]). Within 30 min of resection from a patient, the
samples were minced with blades in a petri dish and forced through 70-mm
cell strainers to collect a single-cell suspension. The suspension was digested
for ∼40 min with collagenase type I (Sigma-Aldrich) and washed twice,
and lymphocytes were isolated using a Ficoll-Hypaque gradient.
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Cell sorting

CD8+ T cells from PB and/or CB were enriched by negative selection
using RosetteSep Human CD8+ T Cell Enrichment Cocktail (Stem Cell
Technologies) following the manufacturer’s protocols. Purified cells were
isolated by staining purified CD8+ T cells with anti-CD8 PerCP and anti–
HLA-DR FITC Abs (all from BD Biosciences) and sorting with a
FACSAria II flow cytometer (BD Biosciences), yielding two populations,
as follows: CD8+HLA-DR2 and CD8+HLA-DR+ T cells. The cells were
collected into RPMI 1640 medium containing 50% FCS and washed once
prior to further studies. The purity determined by flow cytometry was al-
ways .95% in each subset.

Flow cytometry

Freshly isolated or in vitro cultured cells were stained with anti-CD8 (PerCP
or FITC), anti–HLA-DR (FITC, allophycocyanin, or PE), anti-CD25 (PE
or allophycocyanin-Cy7), anti-CD45RA (PE-Cy7), anti-CD56 (allophy-
cocyanin), anti-CCR7 (FITC), anti-CD62L (allophycocyanin), anti-CD28
(allophycocyanin), anti-CD38 (FITC), and anti–CTLA-4 (PE), (all from
BD Biosciences). Intracellular detection of FOXP3 with anti-FOXP3 (PE
or Alexa Fluor 488) and Ki-67 Ag with anti-Ki-67 (FITC) Abs was per-
formed using fixed and permeabilized cells following the manufacturer’s
instructions. Negative control samples were incubated with an isotype-
matched Ab. Dead cells were excluded by forward and side scatter char-
acteristics. Statistical analyses are based on at least 100,000 events gated
on the population of interest. The data were acquired using a FACSAria II
(BD Biosciences) and analyzed with FlowJo software.

Suppression assay

Suppressor effect on responder cells was tested by two different methods,
as follows: CFSE dilution and/or [3H]thymidine uptake.

CFSE dilution method. Responder autologous PBMCs (1 3 105) labeled
with 1 mM CFSE (Invitrogen) were cultured with highly purified unlabeled
CD8+ HLA-DR2 or CD8+ HLA-DR+ T cells at decreasing responder:
suppressor cell ratios (2:1, 4:1, and 8:1). Cells were stimulated with anti-
CD3/CD28 Abs (1 mg/ml; BD Pharmingen) in 96-well round-bottom plate
and cultured in complete medium. Proliferation of CFSE-labeled cells was
assessed by flow cytometry after 4 d of culture. Percentage suppression
was calculated by dividing the number of proliferating CFSE-diluting re-
sponder cells in the presence of different ratios of responder:suppressor
cells by the number of proliferating responder cells when cultured alone,
and multiplied by 100. Unlabeled cells and mytomicin-treated cells were
used as control.

[3H]thymidine uptake method. Responder autologous PBMCs (1 3 105)
were cocultured with highly purified CD8+ HLA-DR2 or CD8+ HLA-
DR+ T cells at different responder:suppressor cell ratios. Cells were
stimulated with anti-CD3/CD28 Abs in 96-well round-bottom plate and
cultured for 4 d in complete medium. On the last day of culture, pro-
liferative response was tested by the addition of 1 ml [3H]thymidine/well,
followed by harvesting 18 h later. Cell proliferation was measured based
on [3H]thymidine uptake (Perkin Elmer Life Sciences). The percentage
inhibition was calculated using the following formula: 1 2 (cpm in the
presence of CD8+HLA-DR+ Tregs/cpm in the absence of CD8+HLA-
DR+ Tregs) 3 100.

Transwell assay

To assess whether CD8+HLA-DR+ Tregs exert their regulatory function
through direct cell contact or through release of soluble factors, we per-
formed transwell (TW) experiments in which PBMCs were used as re-
sponder cells. Purified CD8+HLA-DR2 or CD8+HLA-DR+ cells were
added at a ratio of 1:4 to autologous PBMCs seeded at 5 3 105 cells/well
in the lower chamber of a 24-well plate. The 1:4 ratios were selected based
on three preliminary experiments in which suppressor activity was
detected up to ratios of 1:8. CD8+HLA-DR+ or CD8+HLA-DR2 T cells
were cultured either in the lower chambers directly in contact with the
responder cells or in the upper chambers separated from the responder
cells by a 0.4-mm–pore membrane (Corning Life). After cells were
cocultured with anti-CD3/CD28 during 4 d, cells from the lower chambers
were collected and transferred to 96-well plates, at 1 3 105 cells/well,
in which the proliferative response was assessed by the addition of 1 ml
[3H]thymidine/well, followed by harvesting 18 h later. The percentage
inhibition was calculated as explained.

Neutralization assay

To investigate whether the suppressor function of CD8+HLA-DR+ Tregs is
related to the release of regulatory cytokines, anti–IL-10 (13 mg/ml; BD
Biosciences), anti–TGF-b (3.5 mg/ml; R&D Systems), or both were added
to the suppression assay. To test the involvement of CTLA-4 in the sup-
pression mechanism, the cells were incubated with decreasing doses of
anti–CTLA-4 (15 and 5 mg/ml; BD Biosciences). All neutralization assays,
including the use of anti–HLA-DR Ab (clone L243), were performed
under the same culture conditions described above and using as control the
corresponding isotype-matched mAb.

Cultures of PBMCs in the presence of IL-2

PBMCs were activated with anti-CD3 and anti-CD28 (1 mg/ml; BD
Pharmingen). Three days after activation, IL-2 (10 ng/ml; PeproTech) was
added every 72 h, and the PBMCs were maintained in culture for 15 d. The
kinetics of cell proliferation was analyzed by flow cytometry at different
time points using Ki-67 staining, and the expression of different markers
was examined, which allowed the identification of different cell subsets.

Statistical analysis

The normality of variable distribution was assessed using the Kolmogorov-
Smirnov goodness-of-fit test. Once the hypothesis of normality was ac-
cepted (p , 0.05), comparisons were performed using paired and unpaired
Student t tests, as appropriate. If the hypothesis of normality was rejected,
the analysis was performed using Wilcoxon’s rank-sum test. A p value
,0.05 was considered significant.

Results
Natural CD8+HLA-DR+ T cells have immunosuppressive
properties

CD8+HLA-DR2 and CD8+HLA-DR+ T cell subsets from pe-
ripheral blood of HD were identified by flow cytometry. It was
established that CD8+HLA-DR+ T cells account for ∼14.4%6 3.5
of the total CD8+ cells (n = 10). We next assessed the in vitro
suppressive capacity of purified CD8+HLA-DR2 and CD8+HLA-
DR+ T cells by the extent of CFSE dilution of labeled autologous
PBMCs (hereafter called responder cells) cocultured at different
ratios with each CD8+ T cell subset and stimulated for 4 d with
anti-CD3/CD28. As illustrated in Fig. 1A, the results of CFSE
staining demonstrated that purified CD8+HLA-DR+ Tregs are able
to suppress the proliferative response of activated responder cells
up to a responder:suppressor cell ratio of 4:1.
The suppressive capacity of CD8+HLA-DR+ T cells was also

assessed by measuring their capacity to suppress the proliferation
of responder cells determined by [3H]thymidine uptake. Results
from one representative experiment are depicted in Fig. 1B. The
suppression occurred in a dose-dependent manner, and 50% in-
hibition was observed at a responder:suppressor cell ratio of 2:1.
The addition of CD8+HLA-DR2 T cells did not exert any sup-
pressor effect and effectively increased the proliferative response
(Fig. 1C; n = 4).

Table I. Clinical characteristics of patients with NSCLC

Number 12

Age (years 6 SEM) 71 6 10.2
Gender
Male 8
Female 4

Smoking status
Nonsmoker 3
Smoker 9

Histology
Squamous carcinoma 4
Adenocarcinoma 8

Stage
I 6
II 6
III 0
IV 0

4470 NATURAL HUMAN CD8+HLA-DR+ Tregs
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Phenotypic characterization of CD8+HLA-DR+ Tregs

Because HLA-DR is upregulated during T cell activation, it was
important to determine whether the CD8+HLA-DR+ Tregs isolated
from the peripheral blood of healthy adults were associated with
additional activation markers. Representative dot plots are shown in
Fig. 1D. CD8+HLA-DR+ Tregs showed bimodal expression levels
of CD45RA (10% 6 3.4 versus 40% 6 4.2; p , 0.05), CCR7
(8.2%6 2.8 versus 34.2%6 5.8; p, 0.05), and CD62L (9.8%6 3
versus 33.6% 6 8; p , 0.05). Both CD8+ T cell subsets showed
similar expression levels of the CD28 costimulatory molecule.
However, the expression of CD56, which is correlated with a more
differentiated CD8+ T cell phenotype (14), showed significantly
higher expression in CD8+HLA-DR2 T cells (14.5% 6 1.3 versus
3.7% 6 1 in CD8+HLA-DR+ T cells; p , 0.05). The expression of
CD38, which is a marker of cell activation, was almost not de-
tectable in both subsets. In addition, the classic regulatory CD4+

T cell markers, CD25 and FOXP3, were almost not detectable on
both subsets of CD8+ T cells (n = 10; Fig. 1E).

Suppression mediated by CD8+HLA-DR+ Tregs requires
cell-to-cell contact

To investigate the potential requirement for cell-to-cell contact,
purified CD8+HLA-DR2 or CD8+HLA-DR+ T cells were added to
PBMCs either directly or in the upper well of a TW chamber.
These experiments were performed at a responder:suppressor ratio
of 4:1. In the TW experiments, autologous PBMCs were seeded in
the lower chambers of a 24-well plate, whereas purified CD8+

HLA-DR2 or CD8+HLA-DR+ T cells were added either in the
lower chamber or in the upper chamber to assess the need of cell
contact with the responder cells. The cells were cultured for 4 d, in
the presence of anti-CD3/CD28. As illustrated in Fig. 2A, CD8+

HLA-DR+ Tregs that were separated from the responder cells by
the semipermeable membrane completely lost their suppressor
effect (n = 3).
From preliminary experiments, we knew that anti–HLA-DR Ab

blocks alloactivation or activation through mitogens such as Con
A, but does not block the response of PBMCs to PHA activation.
In this context, we observed that anti–HLA-DR Ab had no effect
on the suppressive activity of CD8+HLA-DR+ Tregs on responder
cells activated with PHA (data not shown).
In addition, we investigated whether regulatory cytokines, such as

IL-10 and TGF-b, might also be implicated in the suppressive effects.
Blocking experiments using neutralizing anti–IL-10 and/or TGF-b
Abs only moderately inhibited the suppressor effect of CD8+HLA-
DR+ Tregs, even when these two Abs were added together (n = 3;
Fig. 2B), suggesting that these soluble factors do not play an essential
role in mediating the suppressive function of CD8+HLA-DR+ Tregs.

Involvement of CTLA-4 in the suppressor mechanism induced
by CD8+HLA-DR+ Tregs

Direct interactions between Tregs and dendritic cells (DCs) in-
volving the inhibitory molecule CTLA-4, which is expressed con-
stitutively by CD4+FOXP3+ Tregs, were ascribed as the mechanism
responsible for the regulatory function of Tregs (15, 16). Because

FIGURE 1. Naturally occurring human CD8+HLA-DR+ T cells with a suppressor function can be found in HD. (A) CFSE dilution by 1 3 105 labeled

PBMC responder assessed after 4 d of TCR-stimulated coculture with indicated CD8+ T cell subset at a 2:1 and 4:1 ratio. Cell number and percentage of

dividing cells per well are indicated. Representative FACS profile of four independent experiments. (B) Figure shows one representative experiment of four

that compares the capacity of CD8+HLA-DR2 and CD8+HLA-DR+ T cells to suppress the cell proliferation. In each experiment, 1 3 105 PBMCs were

cultured with decreasing numbers of sorted CD8+HLA-DR2 or HLA-DR+ T cells (ratios of responder cells:Tregs = 1:1, 2:1, 4.1, 8:1) and activated with

anti-CD3/CD28. The proliferative response was measured by [3H]thymidine uptake, and the percentage of inhibition was calculated as described. Bars

represent the mean 6 SEM of the replicates of this particular experiment. (C) Data are presented as the mean 6 SEM of four independent experiments

described in (B). (D) Representative FACS profile showing the coexpression of HLA-DR with different markers on CD8+ gated T cells. Data are expressed

as a percentage of all CD8+ T lymphocytes. (E) Data show the mean 6 SEM frequency of the different markers analyzed. Results are expressed as

percentage on each CD8+ T cell subset analyzed (n = 10). *p , 0.05, **p , 0.01.

The Journal of Immunology 4471
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we confirmed that the suppressor effect of CD8+HLA-DR+ Tregs
required cell-to-cell contact, we investigated the role of CTLA-4 in
this subset of Tregs. We first analyzed the kinetics of CTLA-4
expression on CD8+HLA-DR+ Tregs after PBMC activation with
anti-CD3/CD28. Cell surface CTLA-4 expression was analyzed by
flow cytometry on gated CD8+HLA-DR2 and CD8+HLA-DR+

T cells at 0, 24, and 48 h. Compared with the CD8+HLA-DR2

T cells, CD8+HLA-DR+ Tregs showed a significantly higher base-
line level of surface CTLA-4 expression (3.4%6 0.2 in CD8+HLA-
DR+ versus 0.14% 6 0.01 in CD8+HLA-DR2 T cells; p , 0.02).
Additionally, the postactivation upregulation of this molecule was
more pronounced in the CD8+HLA-DR+ subset (Fig. 3A, 3B; n =
3). Of note, blocking with an anti–CTLA-4 mAb resulted in a dose-
dependent inhibition of the suppressor effect induced by CD8+

HLA-DR+ Tregs. In contrast, anti–CTLA-4 Ab had no effect on
CD8+HLA-DR2 T cells (n = 3; Fig. 3C).

CD8+HLA-DR+ Tregs are present in CBMCs from healthy
newborn infants

The analysis of 12 independent samples confirmed the presence of
CD8+HLA-DR+ Tregs in CBMCs at a frequency of 3.7% 6 0.8.

Despite their low number, we were able to identify markers that
were expressed on gated CB CD8+ T cells. As illustrated at the dot
plot of Fig. 4A, most CD8+HLA-DR+ T cells expressed CD45RA,
with an intermediate expression of CCR7, CD62L, CD28, and
CD38. In contrast, CB CD8+HLA-DR+ T cells show a very low or
absent expression of CD25, FOXP3, and CD56 (which was
completely restricted to CD8+HLA-DR2 T cells). Fig. 4B sum-
marizes the different mean frequency of these markers expressed
on both CD8+HLA-DR+ and CD8+HLA-DR2 T cell subsets. As
expected, most CB CD8+HLA-DR2 and CD8+HLA-DR+ T cells
exhibited a CD45RA+ phenotype (94.3% 6 2.1 and 91% 6 4,
respectively). In comparison with CD8+HLA-DR2 T cells, CB
CD8+HLA-DR+ Tregs showed decreased expression of CCR7
(22.4% 6 8.8 versus 72.1% 6 13; p , 0.05) and a very low
expression of CD25 and FOXP3, which are classic CD4+ Treg
markers. The mean frequency of all 12 samples analyzed revealed
a significantly higher expression of surface CTLA-4 in the CD8+

HLA-DR+ Tregs (5.2% 6 1.3 versus 1.05% 6 0.6, in CD8+HLA-
DR2 T cells; p , 0.02).
Despite their naive phenotype (CD45RA+), six independent ex-

periments demonstrated that highly purified CB CD8+HLA-DR+

FIGURE 2. TW experiment shows abrogation of the suppressor effect due to loss of cell contact. (A) Purified CD8+HLA-DR2 T cells and CD8+HLA-

DR+ Tregs were added at a ratio of 1:4 to autologous PBMCs seeded in the lower chambers of a 24-well plate. Tregs were either added directly or separated

by a TW. The cells were cultured for 4 d in the presence of a CD3/CD28 Ab. On the last day of culture, the cells were collected, transferred to 96-well

plates, and tested for [3H]thymidine incorporation. Figure shows the percentage suppression of each CD8+ T cell subset (CD8+HLA-DR2 T cells, white

bars; CD8+HLA-DR+ T cells, black bars) in the presence (TW +) or absence (TW 2) of membrane (n = 3). (B) Blocking experiments. Figure shows that

CD8+HLA-DR+ T cells moderately decreased the suppressor effect when the assay was performed in the presence of anti–IL-10 or anti–TGF-b separated or

in combination (ratio responder:suppressor cell, 4:1). Data are presented as the mean 6 SEM (n = 3).

FIGURE 3. CTLA-4 is involved in the suppression

mechanism of CD8+HLA-DR+ Tregs. PBMCs were

activated with anti-CD3/CD28 for 48 h. The cell sur-

face expression of CTLA-4 was analyzed by flow

cytometry on gated CD8+HLA-DR2 and CD8+HLA-

DR+ T cells at 0, 1, and 2 d of culture. (A) Represen-

tative dot plots showing the percentage of cell surface

CTLA-4 detected on both subsets at different time

points. Data are expressed as percentage of all CD8+

T cells. (B) Data show the kinetics of CTLA-4

expressed as the mean 6 SEM of three different

experiments. Results are expressed as percentage of

CTLA-4 expression on each CD8+ T cell gated

subset. (C) The suppressor effect induced by CD8+

HLA-DR+ Tregs at ratio responder:suppressor cells

4:1 was inhibited by anti–CTLA-4 in a dose-de-

pendent manner (n = 3). Isotype control for anti–

CTLA-4 blocking Ab is also included. Data are

presented as the mean 6 SEM (n = 3), *p , 0.05.

4472 NATURAL HUMAN CD8+HLA-DR+ Tregs

 at IN
SE

R
M

 D
ISC

 D
O

C
 on O

ctober 29, 2014
http://w

w
w

.jim
m

unol.org/
D

ow
nloaded from

 

http://www.jimmunol.org/


T cells possess a potent suppressor capacity that was not observed
for CD8+HLA-DR2 T cells (Fig. 4C). Similar to the effect observed
in adults, the suppressor effect of CB CD8+HLA-DR+ Tregs was
completely abrogated by the addition of anti–CTLA-4 Ab, with no
effect on CD8+HLA-DR2 T cells (Fig. 4D; n = 3).

Clinical relevance of natural CD8+HLA-DR+ Tregs

Increased expansion of CD8+HLA-DR+ Tregs with anti-CD3 and
IL-2. Because of the therapeutic potential of CD8+HLA-DR+

Tregs, we attempted to expand these cells in vitro with anti-CD3
and IL-2, and their phenotype was analyzed at 0, 4, 8, and 15 d of
cell culture. As depicted in Fig. 5A, up to 8 d after activation,
CD8+HLA-DR+ Tregs and CD8+HLA-DR2 T cells showed sim-
ilar levels of Ki-67 expression. In contrast, after 15 d of culture,
the expression of Ki-67 remained constant in CD8+HLA-DR+

Tregs, but decreased in CD8+HLA-DR2 T cells, indicating a
higher proliferative rate (n = 4). As a consequence of their pro-
liferation, the frequency of CD8+HLA-DR+ T cells increased from
14.4% 6 3.5 at day 0 to 37% 6 7 at day 15. To explain these
previous results, we explored the expression of CD25 along the
cell culture. In Fig. 5B, a representative dot plot shows how the
expression of CD25 is induced during the first 4 d that follow cell
activation, reaching similar expression levels in CD8+HLA-DR+

and CD8+HLA-DR2 (Fig. 5C). However, the expression of CD25
on CD8+HLA-DR2 T cells shows a substantial decrease 8 d
postactivation, with a sustained expression of the IL-2R on CD8+

HLA-DR+ Tregs. These results may explain the preferential pro-
liferation of CD8+HLA-DR+ Tregs detected with Ki-67 at day 15.
Interestingly, 8 d after cell activation, CD8+HLA-DR+ T cells
began to express FOXP3, which remained stably expressed until
day 15, probably associated with the addition of IL-2 (Fig. 5C).
After being activated with anti-CD3 and IL-2 for 8 d, purified

CD8+ T cells were sorted as CD8+HLA-DR2 and HLA-DR+

T cells, and their suppressor activity was assayed as described
above. Similar to ex vivo CD8+HLA-DR+ Tregs, day 8 CD8+HLA-
DR+ Tregs showed a very powerful suppressor effect (Fig. 5D).

Increased frequency of CD8+HLA-DR+ Tregs in NSCLC. It was
reported that CD8+ Tregs and CD4+FOXP3+ Tregs (17), which
infiltrate tumors, may contribute to tumor immune escape and
were associated with advanced tumor growth and poor prognosis
(18–23). More recently, it was found that intratumoral accumu-
lation of CD4+FOXP3+ Tregs has prognostic potential in NSCLC
(24). Thus, having access to matched lung tumor tissue, adjacent
unaffected lung tissue, and peripheral blood from 12 patients di-
agnosed with NSCLC enabled us to compare the frequency of
CD4+FOXP3+ Tregs and CD8+ Tregs derived from these different
compartments. The clinical characteristics of the patients with
NSCLC are shown in Table I. In contrast to the numerous reports
describing increased Treg levels in advanced cancers, few reports
have been issued on Treg levels in early cancers. In this context, it
is important to note that all patients included in this analysis were
diagnosed with stage I or II NSCLC.

FIGURE 4. CD8+HLA-DR+ Tregs from umbilical CB are similar to those from adult PB. CBMCs were isolated and stained with a panel of mAbs. (A)

Representative dot plots showing the coexpression of HLA-DR with different markers on CD8+ gated T cells. Data are expressed as a percentage of all

CD8+ T lymphocytes. *p, 0.05. (B) Data show the mean6 SEM frequency of the different markers analyzed. Results are expressed as percentage on each

CD8+ T cell subset analyzed (n = 12). (C) Figure shows one representative experiment of six that compares the capacity of CD8+HLA-DR2 and CD8+HLA-

DR+ T cells to suppress the cell proliferation. In each experiment, 1 3 105 PBMCs used as responder cells were cocultured with decreasing numbers of

sorted CD8+HLA-DR2 or CD8+HLA-DR+ T cells at different ratios of responder:suppressor cells (1:1, 2:1, 4.1, 8:1) and activated with anti-CD3/CD28.

The proliferative response was measured by [3H]thymidine uptake, and the percentage of inhibition was calculated, as described in Materials and Methods.

Bars represent the mean 6 SEM of the replicates of this particular experiment. (D) Figure shows that the suppressor effect induced by CB CD8+HLA-DR+

Tregs was inhibited when the assay was performed in the presence of anti–CTLA-4. Data are presented as the mean 6 SEM of three independent

experiments (n = 3).
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The frequency of CD8+ T cells within the tumor was ∼10%,
being ∼3% in the adjacent lung tissue. Interestingly, we found that
most CD8+ T cells within the tumor were CD8+HLA-DR+ T cells
(82.4% 6 4.2). During this analysis, we gated out cells with
high expression of HLA-DR (such as B cells and monocytes/
macrophages). Although the percentage of CD8+HLA-DR+

T cells decreased on the borders of the tumors, the frequency
remained very high (61.4% 6 6.4; Fig. 6A), possibly reflecting
a strong chemotactic effect generated by the tumor cells. In
agreement with our findings in adult PBMCs and CB from new-
born infants, FOXP3 expression was almost not detectable on lung
resident CD8+HLA-DR+ Tregs as depicted in a representative dot
plot (Fig. 6B). There is no remarkable difference between squa-
mous carcinoma and adenocarcinoma, suggesting that the mech-
anism that promotes the expansion of CD8+HLA-DR+ Tregs in
patients with different types of cancers is likely to be similar.
In agreement with previous reports, we detected increased in-

filtration of CD4+FOXP3+ Tregs within the tumor, and the pro-
portion of these cells was significantly higher compared with that
in the adjacent normal lung tissue (20.1% 6 3.1 versus 9.9% 6
2.1; p , 0.05; Fig. 6C). Of note, within the tumor, .80% of the
CD8+ T cells expressed the Treg phenotype, with only a few CD8+

HLA-DR2 T cells. The similar frequency of CD4+FOXP3+ and
CD8+HLA-DR+ T cells in PBMCs of HD and NSCLC patients
confirmed the relevance of detecting tumor-infiltrating lymphocytes
(Fig. 6C).
Most tissue samples obtained after surgery were fixed in formalin

for histopathological analysis essential for tumor staging of the
patient. Thus, we had only access to a small size of the specimens
obtained from the lung cancer. In addition, CD8+ T cells represent
only 10% of the cell sample. Therefore, the low numbers of Tregs

isolated from these samples limited the possibility of performing
functional studies. However, all experiments in the current study
demonstrate that the suppressor activity of CD8+ cells is com-
pletely restricted to CD8+ T cells expressing HLA-DR.

Discussion
In this study, we describe a novel human regulatory CD8+HLA-
DR+ T cell population present in adult and umbilical venous blood
samples. Similar to CD4+FOXP3+ Tregs, these natural CD8+HLA-
DR+ Tregs represent a small subset within PB or CBMCs. The
comparison between CD8+HLA-DR2 and CD8+HLA-DR+ T
shows lower expression of CCR7 and CD62L in this last subset,
with similar expression of the costimulatory molecule CD28.
The expression level of CD56, which is correlated with a more
differentiated CD8+ phenotype (14), was significantly higher
in CD8+HLA-DR2 T cells. The expression of CD38, which is
a marker of cell activation, showed lower levels. Notably, in
contrast to classic CD4+FOXP3+ Tregs, the expression of CD25
and FOXP3 was almost undetectable in CD8+HLA-DR+ Tregs.
Similar to naturally occurring CD4+FOXP3+ Tregs, CD8+HLA-

DR+ Tregs most likely originate from thymic emigrants and
gradually increase over time. Their expansion is presumably in-
duced through an encounter with environmental Ags that generate
the memory-like phenotype we observed in adult CD8+HLA-DR+

Tregs. Of note, CB and PB CD8+HLA-DR+ Tregs have similar
ability to suppress the proliferative response of effector T cells.
Concerning the mechanisms implicated in the regulatory effect

of CD8+HLA-DR+ Tregs, we demonstrated a requirement for cell-
to-cell-contact that mainly involved CTLA-4. We observed that
surface expression of CTLA-4 is rapidly induced after T cell ac-
tivation, and blocking this B7 ligand completely abrogates the

FIGURE 5. CD8+HLA-DR+ Tregs expanded in vitro retain their suppressive capacity. PBMCs were activated with anti-CD3 and IL-2, and expression of

different markers was analyzed by flow cytometry at 0, 4, 8, and 15 d of cell culture. (A) Data show the mean 6 SEM of Ki-67 percentage on each CD8+ T

cell subset analyzed (n = 4). (B) Representative dot plots showing the percentage of CD25 detected on both subsets during the first 4 d after activation. Data

are expressed as percentage of all CD8+ T cells. (C) Shows the similar levels of CD25 expression detected at day 4 postactivation in CD8+HLA-DR+ and

CD8+HLA-DR2. The expression of CD25 on CD8+HLA-DR2 shows a substantial decrease at day 8 postactivation, with a sustained expression of the IL-

2R on CD8+ HLA-DR+ Tregs (n = 4). After 8 d of anti-CD3 plus IL-2 activation, FOXP3 started to be expressed on CD8+HLA-DR+ Tregs. This expression

remains stable until day 15 of culture. Data are presented as the mean 6 SEM (n = 4). (D) After 8 d of activation, CD8+ T cells were sorted into HLA-DR2

and HLA-DR+ cells, and their suppressor effect was assayed as described above. After cell expansion, only CD8+HLA-DR+ Tregs (black bars) retained

a very powerful suppressor effect (n = 3).
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suppressor capacity of the cells. It has not yet been determined
whether CTLA-4 acts directly on the T cell that expresses it or acts
on the APCs, either by binding the ligand B7, which leads to back-
signaling to APCs (25, 26), or by downmodulating B7 expression
(27). A recent report indicated that CTLA-4 may act on both
conventional T cells and Tregs (28) and suggested that particular
self-reactive T cells that escape negative selection must either ex-
press CTLA-4 themselves or become subject to peripheral control
by Tregs that also depend on CTLA-4 for their function. Because
we showed that blocking interactions between CTLA-4 and its
ligands completely abrogate the suppressor effect of CD8+HLA-
DR+ Tregs, it is possible that a high-affinity interaction between
CTLA-4 and B7 molecules expressed on APCs affects the delivery
of costimulatory signals from APCs to CD4+ responsive cells.
IL-10 was reported to play an essential role in the immuno-

suppression mediated by CD4+CD25+ Tregs (29), either by itself
or in association with CTLA-4 (30). In the current study, the role
played by IL-10 and the potential role played by TGF-b appear to
be secondary to the role involving CTLA-4.
The existence of a subset of human CD8+CD25+ thymocytes

sharing phenotype, functional features, and mechanism of action
with CD4+CD25+ Tregs was demonstrated, but the physiological
meaning of this subset of CD8+CD25+ Tregs outside the thymus
is not known (31). After polyclonal stimulation, the naturally
occurring CD8+HLA-DR+ Tregs described in the current study
acquire CD25 and FOXP3, which resemble those originally de-
scribed in thymus.
FOXP3 was identified as the master regulator of CD4+ Treg

function (5, 32, 33), but detection of CD8+FOXP3+ T cells in
peripheral blood is a rare event. However, CD8+FOXP3+CTLA-4+

CD45RO+CD127low and CD252 Tregs were detected in human
tonsils (34). This finding is not unexpected because tonsil cells are

in a continuously activated state. In fact, in the same report, a sim-
ilar phenotype was induced in peripheral blood after polyclonal cell
activation. Similarly, although our resting CD8+HLA-DR+ Tregs
expressed minimal levels of FOXP3, this transcription factor was
induced after polyclonal activation and remained stable during the
15 d of culture. Other inducible CD8+ Tregs were obtained after
anti-CD3 treatment. These cells, which do not express FOXP3,
inhibit the CD4+ proliferative responses to Ags and to superantigens
(35, 36).
CD8+ Tregs can also be induced by plasmacytoid DCs both in

animal and human models (23, 37). In humans, Wei et al. (23)
described CD8+ Tregs induced by plasmacytoid DCs from tumor
ascites that suppress tumor Ag-specific T cell effector function
through IL-10 secretion.
Natural CD8+ Treg population distinguished by the expression

of CD122 (the b-chain of the IL-2R) (38) was described in mice.
It should be stressed that mice T cells do not express MHC class II
Ags, and these CD8+ Tregs have not been identified to date in
humans. These murine and human CD8+ Tregs appear to exert
their suppressor effect via different mechanisms. CD8+HLA-DR+

Tregs act through cell-to-cell contact, and CD8+CD122+ Tregs
exert their regulatory effects through IL-10. Finally, because CD8+

HLA-DR+ Tregs express CD28, these Tregs can be differentiated
from the previously described CD8+ Tregs that lack the expression
of this costimulatory molecule.
Although expression of HLA-DR is considered to be a marker of

activation, their presence and suppressor activity in CB CD8+HLA-
DR+CD45RA+ T cells strongly support the concept that these cells
represent naturally developed Tregs. Additionally, they do not
express activation markers such as CD25 and CD38. Moreover,
only activated and expanded CD8+HLA-DR+ T cells retain their
suppressor activity.

FIGURE 6. Ex vivo frequency of

CD4+FOXP3+ Tregs and CD8+HLA-

DR+ Tregs in NSCLC patients. (A)

Frequencies of live CD8+HLA-DR2

T cells and CD8+HLA-DR+ Tregs ob-

tained from PBMCs, NSCLC tumor

samples, and adjacent normal tissues

from 12 different patients. Data are

presented as the mean 6 SEM. Data

are expressed as percentage of all

CD8+ T cells. (B) Representative dot

plots showing the expression of HLA-

DR and FOXP3 on live CD8+ T cells

obtained from matched PB, unaffected

lung tissue, and lung tumor samples.

Data are expressed as percentage of all

CD8+ T cells. (C) Percentage of live

CD4+FOXP3+ Tregs and CD8+HLA-

DR+ Tregs in PBMCs from age-

matched HD (n = 10; mean age, 65 y)

and PBMCs, adjacent normal lung

tissue samples, and tumor samples

from NSCLC patients (n = 12; mean

age, 71 y). Data are presented as the

mean 6 SEM. Data are expressed as

percentage of all CD4+ and CD8+

T cells. *p , 0.05, *** p , 0.0001.
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We can conclude that CD8+ T cells from adult and CB samples
constitutively expressing HLA-DR represent, to our knowledge,
the first example of natural human CD8+ Tregs. The suppression
appears to be cell-to-cell contact dependent and may involve
CTLA-4 signaling between neighboring T cells. These Tregs can be
expanded in vitro and exhibit a suppressive capacity similar to that
observed in ex vivo CD8+HLA-DR+ Tregs. Concerning the bio-
logical implications of these natural CD8+ Tregs, our finding that
CD8+HLA-DR+ T cells represent .80% of CD8+ T cells detected
in patients with NSCLC opens a new avenue of research; particu-
larly, it will be important to uncover the factors that recruit CD8+

HLA-DR+ Tregs to the tumor. Overall, the data presented in this
study indicate that CD8+HLA-DR+ Tregs most likely control anti-
tumor immune responses in the local environment during the early
stages of lung tumor development. Thus, therapeutic strategies that
aim to overcome Treg activity as a means of enhancing antitumor
immune responses must take into account this novel intratumoral
subset of highly suppressive CD8+HLA-DR+ Tregs.
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Hospital de Clı́nicas “José de San Martin,” University of Buenos Aires, for

dissecting tumor samples for use in this study. We also thank the staff of

the Cord Blood Bank of the Hospital de Pediatrı́a S.A.M.I.C. “Prof.

Dr. Juan P. Garrahan” for support in the collection of cord blood samples.

Disclosures
The authors have no financial conflicts of interest.

References
1. Gershon, R. K., and K. Kondo. 1970. Cell interactions in the induction of tol-

erance: the role of thymic lymphocytes. Immunology 18: 723–737.
2. Baecher-Allan, C., J. A. Brown, G. J. Freeman, and D. A. Hafler. 2001. CD4+

CD25high regulatory cells in human peripheral blood. J. Immunol. 167: 1245–1253.
3. Levings, M. K., R. Sangregorio, and M. G. Roncarolo. 2001. Human CD25(+)

CD4(+) T regulatory cells suppress naive and memory T cell proliferation and
can be expanded in vitro without loss of function. J. Exp. Med. 193: 1295–1302.

4. Ng, W. F., P. J. Duggan, F. Ponchel, G. Matarese, G. Lombardi, A. D. Edwards,
J. D. Isaacs, and R. I. Lechler. 2001. Human CD4(+)CD25(+) cells: a naturally
occurring population of regulatory T cells. Blood 98: 2736–2744.

5. Fontenot, J. D., M. A. Gavin, and A. Y. Rudensky. 2003. Foxp3 programs the de-
velopment and function of CD4+CD25+ regulatory T cells.Nat. Immunol. 4: 330–336.

6. Hori, S., T. Nomura, and S. Sakaguchi. 2003. Control of regulatory T cell de-
velopment by the transcription factor Foxp3. Science 299: 1057–1061.

7. Roncador, G., P. J. Brown, L. Maestre, S. Hue, J. L. Martı́nez-Torrecuadrada,
K. L. Ling, S. Pratap, C. Toms, B. C. Fox, V. Cerundolo, et al. 2005. Analysis of
FOXP3 protein expression in human CD4+CD25+ regulatory T cells at the
single-cell level. Eur. J. Immunol. 35: 1681–1691.

8. Jonuleit, H., E. Schmitt, M. Stassen, A. Tuettenberg, J. Knop, and A. H. Enk.
2001. Identification and functional characterization of human CD4(+)CD25(+)
T cells with regulatory properties isolated from peripheral blood. J. Exp. Med.
193: 1285–1294.

9. Fainboim, L., C. Navarrete, and H. Festenstein. 1980. Precursor and effector
phenotypes of activated human T lymphocytes. Nature 288: 391–393.

10. Baecher-Allan, C., E. Wolf, and D. A. Hafler. 2006. MHC class II expression iden-
tifies functionally distinct human regulatory T cells. J. Immunol. 176: 4622–4631.

11. Shimizu, K., M. Nakata, Y. Hirami, T. Yukawa, A. Maeda, and K. Tanemoto.
2010. Tumor-infiltrating Foxp3+ regulatory T cells are correlated with
cyclooxygenase-2 expression and are associated with recurrence in resected
non-small cell lung cancer. J. Thorac. Oncol. 5: 585–590.

12. Petersen, R. P., M. J. Campa, J. Sperlazza, D. Conlon, M. B. Joshi,
D. H. Harpole, Jr., and E. F. Patz, Jr. 2006. Tumor infiltrating Foxp3+ regulatory
T-cells are associated with recurrence in pathologic stage I NSCLC patients.
Cancer 107: 2866–2872.

13. Nishikawa, H., and S. Sakaguchi. 2010. Regulatory T cells in tumor immunity.
Int. J. Cancer 127: 759–767.

14. Appay, V., R. A. van Lier, F. Sallusto, and M. Roederer. 2008. Phenotype and func-
tion of human T lymphocyte subsets: consensus and issues. Cytometry A 73: 975–983.

15. Read, S., V. Malmström, and F. Powrie. 2000. Cytotoxic T lymphocyte-
associated antigen 4 plays an essential role in the function of CD25(+)CD4(+)
regulatory cells that control intestinal inflammation. J. Exp. Med. 192: 295–302.

16. Oderup, C., L. Cederbom, A. Makowska, C. M. Cilio, and F. Ivars. 2006. Cy-
totoxic T lymphocyte antigen-4-dependent down-modulation of costimulatory
molecules on dendritic cells in CD4+ CD25+ regulatory T-cell-mediated sup-
pression. Immunology 118: 240–249.

17. Zou, W. 2006. Regulatory T cells, tumour immunity and immunotherapy. Nat.
Rev. Immunol. 6: 295–307.

18. Filaci, G., D. Fenoglio, M. Fravega, G. Ansaldo, G. Borgonovo, P. Traverso,
B. Villaggio, A. Ferrera, A. Kunkl, M. Rizzi, et al. 2007. CD8+ CD28- T
regulatory lymphocytes inhibiting T cell proliferative and cytotoxic functions
infiltrate human cancers. J. Immunol. 179: 4323–4334.

19. Andersen, M. H., R. B. Sørensen, M. K. Brimnes, I. M. Svane, J. C. Becker, and
P. thor Straten. 2009. Identification of heme oxygenase-1-specific regulatory
CD8+ T cells in cancer patients. J. Clin. Invest. 119: 2245–2256.

20. Jarnicki, A. G., J. Lysaght, S. Todryk, and K. H. Mills. 2006. Suppression of
antitumor immunity by IL-10 and TGF-beta-producing T cells infiltrating the
growing tumor: influence of tumor environment on the induction of CD4+ and
CD8+ regulatory T cells. J. Immunol. 177: 896–904.

21. Kiniwa, Y., Y. Miyahara, H. Y. Wang, W. Peng, G. Peng, T. M. Wheeler,
T. C. Thompson, L. J. Old, and R. F. Wang. 2007. CD8+ Foxp3+ regulatory T cells
mediate immunosuppression in prostate cancer. Clin. Cancer Res. 13: 6947–6958.

22. Parodi, A., F. Battaglia, F. Kalli, F. Ferrera, G. Conteduca, S. Tardito,
S. Stringara, F. Ivaldi, S. Negrini, G. Borgonovo, et al. 2013. CD39 is highly
involved in mediating the suppression activity of tumor-infiltrating CD8+ T
regulatory lymphocytes. Cancer Immunol. Immunother. 62: 851–862.

23. Wei, S., I. Kryczek, L. Zou, B. Daniel, P. Cheng, P. Mottram, T. Curiel,
A. Lange, and W. Zou. 2005. Plasmacytoid dendritic cells induce CD8+ regu-
latory T cells in human ovarian carcinoma. Cancer Res. 65: 5020–5026.

24. Tao, H., Y. Mimura, K. Aoe, S. Kobayashi, H. Yamamoto, E. Matsuda,
K. Okabe, T. Matsumoto, K. Sugi, and H. Ueoka. 2012. Prognostic potential of
FOXP3 expression in non-small cell lung cancer cells combined with tumor-
infiltrating regulatory T cells. Lung Cancer 75: 95–101.

25. Fallarino, F., U. Grohmann, K. W. Hwang, C. Orabona, C. Vacca, R. Bianchi,
M. L. Belladonna, M. C. Fioretti, M. L. Alegre, and P. Puccetti. 2003. Modulation
of tryptophan catabolism by regulatory T cells. Nat. Immunol. 4: 1206–1212.

26. Dejean, A. S., D. R. Beisner, I. L. Ch’en, Y. M. Kerdiles, A. Babour,
K. C. Arden, D. H. Castrillon, R. A. DePinho, and S. M. Hedrick. 2009. Tran-
scription factor Foxo3 controls the magnitude of T cell immune responses by
modulating the function of dendritic cells. Nat. Immunol. 10: 504–513.

27. Wing, K., Y. Onishi, P. Prieto-Martin, T. Yamaguchi, M. Miyara, Z. Fehervari,
T. Nomura, and S. Sakaguchi. 2008. CTLA-4 control over Foxp3+ regulatory
T cell function. Science 322: 271–275.

28. Ise, W., M. Kohyama, K. M. Nutsch, H. M. Lee, A. Suri, E. R. Unanue,
T. L. Murphy, and K. M. Murphy. 2010. CTLA-4 suppresses the pathogenicity of
self antigen-specific T cells by cell-intrinsic and cell-extrinsic mechanisms. Nat.
Immunol. 11: 129–135.

29. Asseman, C., S. Mauze, M. W. Leach, R. L. Coffman, and F. Powrie. 1999. An
essential role for interleukin 10 in the function of regulatory T cells that inhibit
intestinal inflammation. J. Exp. Med. 190: 995–1004.

30. Kingsley, C. I., M. Karim, A. R. Bushell, and K. J. Wood. 2002. CD25+CD4+
regulatory T cells prevent graft rejection: CTLA-4- and IL-10-dependent im-
munoregulation of alloresponses. J. Immunol. 168: 1080–1086.

31. Cosmi, L., F. Liotta, E. Lazzeri, M. Francalanci, R. Angeli, B. Mazzinghi
V. Santarlasci, R. Manetti, V. Vanini, P. Romagnani, et al. 2003. Human CD8+
CD25+ thymocytes share phenotypic and functional features with CD4+CD25+
regulatory thymocytes. Blood 102: 4107–4114.

32. Fontenot, J. D., J. P. Rasmussen, L. M. Williams, J. L. Dooley, A. G. Farr, and
A. Y. Rudensky. 2005. Regulatory T cell lineage specification by the forkhead
transcription factor foxp3. Immunity 22: 329–341.

33. Lahl, K., C. T. Mayer, T. Bopp, J. Huehn, C. Loddenkemper, G. Eberl,
G. Wirnsberger, K. Dornmair, R. Geffers, E. Schmitt, et al. 2009. Nonfunctional
regulatory T cells and defective control of Th2 cytokine production in natural
scurfy mutant mice. J. Immunol. 183: 5662–5672.

34. Siegmund, K., B. R€uckert, N. Ouaked, S. B€urgler, A. Speiser, C. A. Akdis, and
C. B. Schmidt-Weber. 2009. Unique phenotype of human tonsillar and in vitro-
induced FOXP3+CD8+ T cells. J. Immunol. 182: 2124–2130.

35. Ablamunits, V., B. C. Bisikirska, and K. C. Herold. 2008. Human regulatory
CD8 T cells. Ann. N. Y. Acad. Sci. 1150: 234–238.

36. Bisikirska, B., J. Colgan, J. Luban, J. A. Bluestone, and K. C. Herold. 2005. TCR
stimulation with modified anti-CD3 mAb expands CD8+ T cell population and
induces CD8+CD25+ Tregs. J. Clin. Invest. 115: 2904–2913.
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