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Abstract
Tumor-mediated immunosuppression via regulatory T-cells is a key player among the various immune-escape mechanisms 
in multiple myeloma. We analyzed the generation, distribution, function and immunophenotype of  CD8+CD28− regulatory 
T-cells in patients with multiple myeloma. Functionality of  CD8+CD28− T-cells was assessed by immunological assays using 
ex vivo generated antigen-specific T-cells from patients with plasma cell dyscrasias and healthy donors. Detailed analysis of 
distribution, immunophenotype and cytotoxic potential of  CD8+CD28− T-cells was performed by flow cytometry and ELISA. 
We found that the amount of  CD8+CD28− T-cells was directly correlated with the suppression of antigen-specific T-cell 
responses in patients with plasma cell dyscrasia. Analyzing the  CD8+CD28− T-cells in detail, increased numbers of these 
cells were observed in the bone marrow (i.e., tumor microenvironment) of patients with plasma cell dyscrasia. Furthermore, 
we identified the expression of lymphocyte function-associated antigen 1 (LFA-1) as a marker of immunosuppression and 
defined the  CD8+CD28−CD57+LFA-1high population as the relevant immunosuppressive compartment. These regulatory 
T-cells act as immunosuppressors via soluble factors and incubation with IL-10 augmented their immunosuppressive capacity. 
The immunosuppressive regulatory network of IL-10 and the  CD8+CD28−CD57+LFA-1high regulatory T-cells show unique 
characteristics and contribute to the tumor immune escape mechanism in patients with multiple myeloma.
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Abbreviations
APD  Advanced plasma-cell disease
EPD  Early plasma-cell disease

HD  Healthy donor
LFA-1  Lymphocyte function-associated antigen 1
MGUS  Monoclonal gammopathy of undetermined 

significance
MM  Multiple myeloma
MNC  Mononuclear cells
PB  Peripheral blood
PCD  Plasma cell dyscrasia
SLE  Systemic lupus erythematosus

Introduction

For years, the accumulation of  CD8+CD28− T-cells in 
peripheral blood (PB) during the human life span was con-
sidered a normal physiological process throughout aging [1]. 
It was assumed that these T-cells lost CD28 as sign of senes-
cence due to multiple rounds of stimulation by a specific 
antigen and that those T-cells were exhausted and lost their 
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capacity to appropriately respond to antigens [2]. Multiple 
findings in recent years show that a subpopulation of  CD8+ 
T-cells, namely  CD8+CD28− T-cells, also show regulatory 
characteristics. These  CD8+ regulatory T-cells seem to play 
a pivotal role in modulating the immune system in various 
cancer entities and also in autoimmune diseases [3–5]. The 
 CD8+CD28− T-cell compartment has been described as a 
heterogeneous population. At the same time, different func-
tional studies have been performed without clearly defining 
any (sub-) populations within this compartment. There-
fore, a more detailed analysis of phenotype and function of 
 CD8+CD28− subpopulations is important to clarify their role 
in regulatory activity in cancer patients.

While some studies showed that the  CD8+CD28− T-cell 
compartment had gone through many rounds of antigen-
specific activation and shortening of telomeres [6, 7], others 
found that loss of CD28 can be induced or accelerated by a 
variety of cytokines [8, 9]. While these  CD8+CD28− T-cells 
were antigen-specific, Filaci et al. described antigen-non-
specific  CD8+CD28− T-cells with immunosuppressive 
capacity via soluble factors [10, 11]. Of special interest, 
the  CD8+CD28− T-cells found in the PB of healthy donors 
(HD) showed no immunosuppressive capacity, in contrast 
to  CD8+CD28− T-cells isolated from the tumor micro-
environment of cancer patients [4]. These suppressive 
 CD8+CD28− T-cells were shown to inhibit tumor infiltrating 
cytotoxic T-cells [4] and to originate from non-suppressive 
 CD8+CD28− T-cells via incubation with IL-10 [11]. While 
retrospective studies demonstrated an increased number 
of  CD8+CD28− T-cells [12] in cancer patients, little is 
known about the phenotypical and functional alterations of 
 CD8+CD28− T-cells in these patients.

In contrast, in autoimmune diseases such as systemic 
lupus erythematosus (SLE),  CD8+CD28− T-cells are 
unable to inhibit CD3-triggered T-cell responses, likely 
due to their altered secretion of IL-6 and IL-12 [3]. In 
patients with other autoimmune diseases, in vitro-generated 
 CD8+CD28− T-cells showed reduced suppressive capac-
ity and increased CD127 expression as well as decreased 
CD39 expression [13]. The authors claimed that the 
 CD8+CD28− T-cell compartment is composed of several 
subgroups with different effector or suppressor functions, 
and they concluded that it is thus far not possible to distin-
guish between  CD8+CD28− T-cells with or without suppres-
sive capacity [13].

Few published studies addressed the role of immunoregu-
latory  CD8+ T-cells in multiple myeloma (MM), mainly ana-
lyzing different subpopulations of  CD8+ T-cells. Raja et al. 
found an increase of antigen-specific  CD8+CD25+FoxP3+ 
regulatory T-cells in MM patients compared to HD [14]. 
They also showed in 16 MM patients that treatment with 
lenalidomide and dexamethasone leads to an expansion 
of the  CD8+CD25+FoxP3+ T-cell compartment [14]. 

Recently Zelle-Rieser et al. showed that the percentage 
of  CD8+CD28−CD57+ T-cells was lower in treated MM 
patients compared to untreated ones [15].

In this manuscript, we focused on the antigen-non-spe-
cific  CD8+CD28− regulatory T-cells mainly described by 
Filaci et al. We analyzed these cells in patients with plasma 
cell dyscrasia (PCD) and in HD. In addition to non-spe-
cific stimulation of T-cells by anti-CD3/CD28 beads, we 
also used a MART-1 antigen-specific model, since MART-
1aa26–35*A27L peptide (ELAGIGILTV) is cross-reactive with 
HM1.24, an antigen that is expressed on the surface of 
plasma cells in all PCD patients [16].

Materials and methods

Blood samples and ethics statement

PB/buffy coats from HD (Institute for Immunology/IKTZ, 
University Heidelberg, Germany) and PB/BM from patients 
with PCD were used. Patients were diagnosed, staged, and 
response to treatment was assessed according to standard 
criteria. They were subdivided into early plasma-cell dis-
eases (EPD): monoclonal gammopathy of undetermined sig-
nificance (MGUS), and MM stage I, and advanced plasma-
cell diseases (APD): MM stage II and III.

Cell culture medium and reagents

Cells were maintained in RPMI 1640 cell culture medium 
with penicillin/streptomycin and 2 mM L-glutamine (all 
from PAA Laboratories, Pasching, Austria), either with 10% 
heat inactivated fetal calf serum for cell lines or 5% heat 
inactivated human serum (both from PAA Laboratories) for 
primary cells. Unless otherwise specified, reagents were pur-
chased from Sigma (Sigma-Aldrich, Steinheim, Germany).

Peptides

The MART-1aa26–35*A27L peptide (ELAGIGILTV) and HLA-
A2 restricted irrelevant control peptide (LLIIVILGV; as a 
control for non-specific T-cell activation) were synthesized 
as previously described [17].

Isolation of mononuclear cells and T‑cells

Mononuclear cells (MNC) from PB or BM were purified 
using ficoll-hypaque density gradient centrifugation (Bio-
chrom, Berlin, Germany). Subpopulations of T-cells were 
enriched from MNC by immunomagnetic cell sorting 
(MACS-System, Miltenyi Biotec, Bergisch Gladbach, Ger-
many) according to the manufacturer’s protocol.
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Generation of  CD8+CD28−LFAhigh regulatory T‑cells 
by IL‑10

To induce  CD8+CD28−LFAhigh regulatory T-cells by IL-10, 
PBMC,  CD8+ T-cells or  CD8+CD28− T-cells from HD were 
incubated for 7 days with IL-2 (50 IE/ml) and IL-10 (40 ng/
ml). After 7 days, the  CD8+CD28−LFAhigh T-cells were iso-
lated by FACS.

Fluorescence‑activated cell sorting

Isolation of  CD8+CD28− and  CD8+CD28−LFAhigh regula-
tory T-cells from the PB was performed by FACS according 
to standard procedure.

In vitro generation of dendritic cells and expansion 
of MART‑1aa26–35*A27L specific T‑cells

Immature DC were obtained by culturing plastic adherent 
MNC from HLA-A*02+ patients. Maturation of DC was 
then induced as previously published [16]. During this incu-
bation, MART-1aa26–35*A27L/control peptide (10 µg/ml) was 
added to load DC.

Expansion of antigen-specific T-cells was performed by 
incubating autologous MNC with peptide-loaded DC for 7 
days in the presence of 5% human serum and IL-2 (50 IE/
ml, Proleukin, Chiron GmbH, Munich, Germany). HLA-A 
typing was performed by flow cytometry analysis as previ-
ously published [18].

In another approach (Fig. 1d), we expanded antigen-spe-
cific T-cells from HD as described above. During the 7-day 
incubation of MNC with autologous DC, we co-cultured 

Fig. 1  A high percentage of  CD8+CD28− T-cells in the bone mar-
row of patients with plasma cell disease is associated with impaired 
antigen-specific T-cell response. a Correlation of present or absent 
antigen-specific T-cell responses (positive or negative ELISPOT) and 
the frequency of  CD8+CD28− T-cells in the BM  CD8+ T-cell com-
partment in patients with PCD (n = 33). b Representative ELISPOT-
assays from two patients with PCD with (left) or without (right) a 

specific T-cell response against the MART-1aa26–35*A27L peptide. c 
Representative flow cytometry analysis and gating strategy for the 
analysis in A. d Effect of MNCs from BM of PCD patients (n = 8) 
on the expansion of MART-1aa26–35*A27L-specific T-cells from HD 
(n = 6). Correlation between expansion of HD T-cells and the amount 
of  CD8+CD28− from PCD patients present during expansion
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the peptide-pulsed DC + T cells (lower compartment of a 
trans-well plate) and MNC from the BM of PCD patients 
with different  CD8+CD28− T-cell concentrations (upper 
compartment) in a transwell plate (BD Biosciences, Hei-
delberg, Germany), which separated HD cells and patients’ 
cells by a pored membrane. The MNCs from PCD patients 
were sorted using magnetic beads to achieve higher concen-
trations of  CD8+CD28− T-cells as described above. In a fur-
ther set of experiments, we expanded antigen-specific T-cells 
from MNC from HD in a transwell plate co-cultured with 
autologous  CD8+CD28−LFAhigh regulatory T-cells, which 
were generated and purified beforehand as described above, 
in a MNC : regulatory T-cell ratio of 1:5 (Fig. 3a). Addition-
ally, we repeated the above-described experiment, expand-
ing antigen-specific T-cells from MNCs of HD with autolo-
gous DC, but co-culturing them with  CD8+CD28−LFAhigh 
T-cells isolated from the PB of MM patients without 
prior IL-10 incubation. Subsequently, antigen-specific 
responses of expanded T-cells were analyzed using IFN-γ 
ELISPOT-assay.

IFN‑γ ELISPOT‑assay

To assess the efficiency of T-cell expansion, IFN-γ ELIS-
POT-assay were performed as previously described [18, 19].

To analyze MART-1aa26–35*A27L specific IFN-γ synthesis 
by  CD8+ cells, an effector: target ratio of 1:5 was used.

Flow cytometry analysis

Expression of surface antigens on T-cells was analyzed by 
flow cytometry. If not otherwise specified, all antibodies 
were purchased from BD Biosciences, Heidelberg, Germany. 
The following antibodies (conjugated fluorochromes) were 
used: CD8 (APC), CD8 (APC-Cy7), CD8 (FITC, AbD Sero-
tech, Oxford, United Kingdom), CD28 (PE), CD3 (PerCP), 
CCR7 (FITC), CD45-RA (APC), CD27 (FITC), CD57 
(FITC) and LFA-1 (APC) CD107 (FITC), Granzyme B 
(FITC), Perforin (PacBlue), CD11 + CD18/mAb24 (FITC, 
Abcam, Cambridge, United Kingdom), PI, Annexin V 
(FITC). Cells were stained according to the manufacturer’s 
instructions. To detect the expression of CD107a on the 
surface of  CD8+ T-cells, the samples were incubated for 
12 h with monensin (Biolegend, Fell, Germany) in a con-
centration of 2 µM and the CD107a antibody (clone H4A3, 
BD Bioscience, Heidelberg, Germany, dilution 1/20). The 
conformation-specific analysis of LFA-1 was performed as 
described by Paccani et al. [20]. For the intracellular stain-
ing of Granzyme B and Perforin, samples were treated with 
Brefeldin A in a concentration of 10 µg/ml 12 h prior to 
staining and stained as previously published [17]. The deter-
mination of apoptotic cells was performed with the Annexin 

V Apoptosis Detection Kit I (BD Bioscience, Heidelberg, 
Germany) according to the manufacturer’s instructions.

Non‑specific activation of T‑cells and IFN‑γ /
Granzyme B ELISA

To analyze non-specific activation of T-cells, cells were acti-
vated with anti-CD3/CD28 microbeads (Dynabeads, Invitro-
gen Dynal, Oslo, Norway) for 24 h with a cell:bead ratio of 
5:1 (Fig. 6a, b). Afterwards, the concentration of IFN-γ in 
the supernatants of T-cell cultures was determined as previ-
ously published [21].

Isolation and retroviral T‑cell receptor transduction 
of PBMCs

For the experiments analyzing the effect of  CD8+CD28− reg-
ulatory T-cells on TCR-transducted MDM2(81–88)-specific 
T-cells [22, 23], PBMCs were isolated as described above 
and then stimulated for 48 h with 600 IU/ml human IL-2 
(Proleukin® S, Novartis, Basel, Switzerland) and 30 ng/
ml Okt-3 [Muromonab-CD3 (Orthoclone Okt-3®, Janssen-
Cilag GmbH, Frankfurt, Germany)] at 2 × 106 cells/well in a 
24-well plate with 1 ml/well medium used for T-cell culture: 
RPMI 1640 containing 10% heat inactivated AB-serum, 1% 
l-glutamine, 1% Pen/Strep and 2% HEPES buffer. After 
48 h, retroviral transduction and peptide-specific expan-
sion of TCR-engineered T-cells using K562_A2  CD80+ 
cells as APC loaded with  10− 4 M peptide was performed 
as described in [24]. TCR-engineered T-cells were used in 
functional tests 4 days post transduction.

Carboxyfluorescein succinimidyl ester analysis

MDM2(81–88)TCR-engineered T-cells were labeled with 
5 µM CFSE for 5 min at room temperature then washed 3x 
with PBS. Then, T-cells (0.2 × 106 cells per well) were co-
cultured in the above-described transwell model with autol-
ogous regulatory  CD8+CD28−LFAhigh T-cells (0.3 × 106 
cells per well), generated as described above. Wells with 
TCR-engineered T-cells only were used as controls. Experi-
ments were performed in a transwell plate, which separated 
TCR-engineered T-cells and regulatory  CD8+CD28−LFAhigh 
T-cells by a porous membrane. After 3 days incubation, 
proliferation was assessed by analyzing CFSE dilution, and 
apoptosis was assessed by analyzing Annexin-V FITC/PI 
staining via flow cytometry.

Morphological analysis of  CD8+CD28− T‑cells

T-cells with the immunophenotype  CD8+CD28−LFA+ and 
 CD8+CD28−LFAhigh were isolated by FACS and stained 
(Wright Stain, Modified, Sigma-Aldrich, Munich, Germany) 
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after a cytospin was performed, according to manufactur-
er’s instructions. Morphological analysis was performed 
by microscopy with 1000× magnification (supplementary 
Fig. 1).

Statistical analysis

Differences in the number of spots per well in the IFN-γ 
ELISPOT-assay experiments between T2 cells loaded with 
MART-1aa26–35*A27L compared to T2 cells loaded with an 
irrelevant peptide were calculated by student’s T test using 
the Statistica for Windows software (StatSoft, Tulsa OK, 
USA). ELISPOT-assays were defined as positive if MART-
1aa26–35*A27L peptide activation achieved at least 10 spots 
more than the control peptide and if the difference was 
significant (p < 0.05). p values in Figs. 1, 2, 3 and Figs. 5 
and 6 were calculated by the Wilcoxon rank sum test/Wil-
coxon signed rank test (paired) or using Student’s T Test. 
Wilcoxon rank sum test, Wilcoxon signed rank test (paired) 
and Student’s T Test were calculated with the freeware “R” 
(The R Foundation for Statistical Computing, http://www.r-
proje ct.org/) and GraphPad Prism (v5.01), which were also 
used to generate boxplots. p values describing the impact of 
 CD8+CD28−LFAhigh T-cells on the antigen-specific expan-
sion of autologous T-cells were calculated using Student’s 
T test.

Results

CD8+CD28− T‑cells and antigen specific T‑cell 
responses in patients with plasma cell dyscrasia

We used the MART-1aa26–35*A27L model as described above 
to analyze antigen-specific T-cell responses in MM patients. 
MNC were isolated from the tumor microenvironment 
(bone marrow) of patients with PCD. After incubation of 
MNC for 7 days with MART-1aa26–35*A27L peptide-loaded 
autologous DC, specific T-cell responses were analyzed 
by IFN-γ ELISPOT-assay. Figure 1a highlights the role 
of  CD8+CD28− T-cells in these assays. We correlated the 
percentage of  CD28− T-cells in the BM  CD8+ T-cell com-
partment of PCD patients with the MART-1aa26–35*A27L 
specific T-cell response in these patients. A negative (non-
specific) ELISPOT-assay, displaying decreased specific 
T-cell response, was associated with higher amounts of 
 CD8+CD28− T-cells in the BM of individual PCD patients 
(p = 0.043). A representative ELISPOT-assay is shown in 
Fig. 1b, and the flow cytometry gating strategy for determi-
nation of  CD8+CD28− T-cells is explained in Fig. 1c.

To explore the immunosuppressive capacity of the 
 CD8+CD28− T-cell compartment, we used isolated MNC from 
the BM of PCD patients with different  CD8+CD28− T-cell 

concentrations. After enumeration by flow cytometry (dem-
onstrated on the Y-axis), we determined the impact of these 
cells on MART-1aa26–35*A27L specific T-cell responses of HD 
in the above described transwell-plate model. In assays with a 
high amount of  CD8+CD28− T-cells from PCD patients in the 
transwell cell culture insert, a significant inhibition of T-cell 
responses was found (p = 0.036, Fig. 1d).

CD8+CD28− T‑cells in healthy donors and patients 
with plasma cell dyscrasia

PBMC from HD and patients with PCD and BM MNC from 
PCD patients were analyzed by flow cytometry to determine 
the amount of  CD28− T-cells in the  CD8+ T-cell compart-
ment. We found a higher amount of  CD8+CD28− T-cells 
in the PB from PCD patients compared to HD (Fig. 2a). 
Regarding the BM, i.e., the MM tumor microenviron-
ment, an increased  CD28− fraction within the BM  CD8+ 
T-cell compartment was determined compared to the PB 
of PCD patients with APD (Fig. 2a). To evaluate possible 
characteristic surface markers in the  CD8+CD28− T-cells 
compartment, we analyzed the maturation markers and 
adhesion molecules CCR7 (CD197), CD27, CD45RA 
and LFA-1 (CD11a) on T-cells from HD and patients with 
PCD. Regarding CCR7, CD27 and CD45RA, we found no 
clear correlation between HD compared to PCD patients, or 
between PB and BM of PCD patients (Fig. 2c–f). Neverthe-
less, we found an increased amount of  CD8+CD28− T-cells 
with high expression of LFA-1 (LFA-1high) in BM and PB 
from patients with PCD compared to  CD8+CD28− T-cells 
from the PB of HD (Fig.  2b). Furthermore, based on 
the finding that CD57 is expressed on regulatory  CD8+ 
T-cells [25], we analyzed the expression of CD57 on 
 CD8+CD28− T-cells in HD and observed a coexpression 
of CD57 on LFA-1high T-cells (Fig. 2g). We concluded that 
the  CD8+CD28−LFA-1high and previously described [26, 
27] regulatory  CD8+CD57+ population are identical. For 
visualization, we sorted  CD8+CD28−LFA-1high T-cells 
and  CD8+CD28−LFA-1+ T-cells by FACS and stained 
the sorted cells after cytospin preparation according to the 
Wright staining protocol (supplementary Fig. 1a). The mor-
phology between the 2 populations is clearly differed; the 
 CD8+CD28−LFA-1high T-cells show a wide cytoplasm and 
a bright nucleus, while the  CD8+CD28−LFA-1+ T-cells have 
a tightened cytoplasm and a condensed nucleus. Appropri-
ately,  CD8+CD28−CD57+ show a similar morphology to the 
 CD8+CD28−LFA-1high T-cells (supplementary Fig. 1b).

Impact of  CD8+CD28−  LFAhigh T‑cells 
on antigen‑specific T‑cells

In analogy to the above-described correlation of the amount 
of  CD8+CD28− T-cells and the diminished antigen-specific 

http://www.r-project.org/
http://www.r-project.org/
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immune response (Fig.  1), we analyzed the impact of 
 CD8+CD28−LFAhigh T-cells from HD on the expansion 
of autologous MART-1aa26–35*A27L specific T-cells with or 
without IL-10 pre-incubation for 7 days. By IFN-γ ELIS-
POT-assay, we found only a minor immunosuppression 
using untreated  CD8+CD28−LFAhigh T-cells, but a clear and 
significant immunosuppression using IL-10 pre-incubated 
 CD8+CD28−LFAhigh T-cells (Fig. 3a).

To analyze if  CD8+CD28−LFAhigh T-cells from MM 
patients also depend on IL-10 preincubation to gain their 
immunosuppressive capacity, we repeated the experiment, 
this time using  CD8+CD28−LFAhigh T-cells from MM 
patients without any prior IL-10 incubation. Here, we also 

saw an immunosuppression in every patient tested (n = 3, 
supplementary Fig. 2).

Induction of  CD8+CD28−CD57+LFA‑1high T‑cells 
by IL‑10

Based on our findings and the data of Filaci et al. [11], 
who described that  CD8+CD28− T-cells from HD can gain 
immunosuppressive capacity after incubation with IL-10, we 
speculated that IL-10 might be a possible regulator of LFA-1 
and CD57 expression. We, therefore, analyzed the immu-
nophenotype of  CD8+ T-cells after incubation with IL-10.

After incubation of  CD8+ T-cells from HD with IL-10 
and IL-2 for 7 days, we analyzed the expression of CD28 
and LFA-1 on  CD8+ T-cells by flow cytometry. We found 
a slight increase of  CD8+CD28− T-cells in the  CD8+ com-
partment upon stimulation with IL-10 (Fig. 3b) and a dis-
tinct augmentation of the  CD8+CD28−LFAhigh T-cell subset 
(Fig. 3c). Next, we excluded the possibility that a change of 
conformation (active/inactive) of the LFA-1 molecule [28] 

Fig. 2  a–f Surface markers in the  CD8+CD28− T-cells compartment 
of patients with plasma cell disease (EPD = MGUS and MM stage I, 
APD = MM stage II and III) in PB and BM. g Percentage of  CD57+ 
T-cells in the  CD8+CD28− T-cell compartment depending on expres-
sion of LFA-1 on T-cells from HD (n = 6)

◂

Fig. 3  a Effect of  CD8+CD28−LFAhigh T-cells from HD with/
without prior IL-10 incubation (n1 = 5; n2 = 4) on the expansion of 
MART-1 specific T-cells with antigen-pulsed DC. b, c Flow cyto-
metric analysis of IL-10 dependent frequency of  CD8+CD28− and 

 CD8+CD28−LFA-1high T-cells in  CD8+ T-cells from HD (n = 7). 
d Flow cytometric analysis of IL-10 dependent frequency of 
 CD8+CD28−CD57+ T-cells in PBMCs from HD (n = 6)
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might play a role in the IL-10 induced effects. We used a 
conformation-specific antibody and performed flow cytom-
etry analysis of  CD8+CD28− T-cells in HD, but found no 
significant effect of IL-10 on the conformation of LFA-1 
(data not shown). In line with the described co-expression 
of CD57 in the  CD8+CD28−LFAhigh T-cell compartment, the 
 CD8+CD28−CD57+ T-cell compartment was also enlarged 
after IL-10 incubation (Fig. 3d).

Of special interest, we analyzed the FACS separated 
 CD8+CD28−LFA+ and  CD8+CD28−LFAhigh T-cells 
after 7 days of coculture with DC and PBMC and found 
that  CD8+CD28−LFA+ T-cells were able to regain CD28 
expression, while the  CD8+CD28−LFAhigh T-cells remained 
with an unaltered immunophenotype (supplementary 
Fig. 3). This finding shows the transient character of the 
 CD8+CD28−LFA+ T-cells and emphasizes the different 
characteristics of the two  CD8+CD28− T-cell populations. 
Furthermore, the expression of the maturation marker 
CCR7 was clearly decreased in the  CD8+CD28−LFAhigh 
T-cells compared to  CD8+CD28−LFA+ T-cells (supple-
mentary Fig. 3), demonstrating that these 2 compartments 

are unequal not only for LFA expression but also for their 
maturation stage.

MDM2 specific T‑cells

To further clarify the mode of action of IL-10 induced 
immunosuppression via  CD8+CD28−LFAhigh T-cells and the 
role of their Granzyme B secretion, we analyzed the impact 
of FACS purified  CD8+CD28−LFAhigh T-cells on the viabil-
ity and proliferation of T-cell receptor (TCR)-transfected 
 CD8+ T-cells. TCR-transfected, MDM2-specific  CD8+ 
T-cells were stimulated with specific peptide in the pres-
ence or absence of  CD8+CD28−LFAhigh T-cells, which had 
been stimulated with IL-10 and IL-2 for 7 days. We found 

Fig. 4  Impact of 
 CD8+CD28−LFAhigh T-cells 
incubated with IL-10 for 7 days 
on the proliferation of TCR-
transfected MDM-2-specific 
 CD8+ T-cells upon K562 medi-
ated antigen-stimulation. a Cell 
viability of MDM-2 specific 
 CD8+ T-cells after co-culture 
with autologous regulatory 
 CD8+CD28−LFAhigh T-cells for 
3 days analyzed by Annexin/
PI staining (left) MDM-2 
specific  CD8+ T-cells only 
(right) MDM-2 specific  CD8+ 
T-cells + CD8+CD28−LFAhigh 
T-cells. b Proliferation of 
MDM-2 specific T-cells 
after co-culture with 
 CD8+CD28−LFAhigh T-cells 
for 3 days analyzed by 
CFSE Staining. (gray) day 0 
(left plot) MDM-2 specific 
 CD8+ T-cells only (right 
plot) MDM-2 specific  CD8+ 
T-cells + CD8+CD28−  LFAhigh 
T-cells

Fig. 5  Secretion of cytokines. a Concentration of Granzyme B and 
Perforin after expansion of MART-1aa26–35*A27L specific T-cells in 
the presence (coculture) and absence (control) of IL-10 pretreated 
 CD8+CD28−LFAhigh T-cells (HD). b Flow cytometric analysis of 
Granzyme B and Perforin expression in  CD8+ T-cells from HD, gated 
on  CD8+ T-cells. c Gated on  CD8+CD28− T-cells. d Cumulative data 
from 10 HD

◂
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no significant effect of  CD8+CD28−LFAhigh T-cells on the 
expansion of MDM2-specific T-cells regarding the viability 
(Fig. 4a) or proliferation rate (Fig. 4b).

Cytokine secretion of  CD8+CD28− T‑cells

We hypothesized that  CD8+CD28−LFAhigh T-cells might 
have an inhibitory impact on the secretion of cytotoxic 
cytokines from effector T-cells. We analyzed the supernatant 
after 7 days of coculture of DC and PBMC in the absence/
presence of  CD8+CD28−LFAhigh T-cells. Unexpectedly, we 
found higher levels of Granzyme B and Perforin in the pres-
ence of  CD8+CD28−LFAhigh T-cells (Fig. 5a).

Furthermore, high amounts of intracellular Granzyme B 
and Perforin were detected in the  CD8+CD28− T-cell com-
partment without previous stimulation, whereas unstimu-
lated  CD8+CD28+ T-cells showed only small amounts of 
these proteins. Analyzing the  CD8+CD28− T-cell compart-
ment more closely, we found that the  CD8+CD28−LFAhigh 
T-cells exhibited high amounts of Granzyme B and Per-
forin without prior stimulation, whereas  CD8+CD28−LFA+ 
T-cells showed no significant expression of these proteins 
(Fig. 5b–d). While the secretion of Granzyme B and Perforin 
by  CD57+ T-cells is well described [29], Filaci et al. found 
no secretion of Granzyme B and Perforin in the regulatory 
T-cells they characterized [11].

Cytokine secretion of  CD8+CD28−LFAhigh T‑cells 
is modulated by IL‑10

To characterize the effect of IL-10 on the functionality of 
 CD8+CD28−LFAhigh T-cells, we analyzed the cytokine 
secretion of IFN-γ, Granzyme B and Perforin after incuba-
tion with IL-10.  CD8+ T-cells were isolated and incubated 
with IL-10 and IL-2 for 7 days and subsequently activated by 
CD3/C28 and analyzed for the secretion of IFN-γ and Gran-
zyme B by ELISA (Fig. 6a, b). Furthermore, the intracellular 
amount of Granzyme B and Perforin in  CD8+CD28−LFAhigh 
T-cells was analyzed by flow cytometry-based intracellular 
staining (Fig. 6c) after incubating PBMC with IL-10 and 
IL-2 for 7 days. We found an increase of all 3 cytokines after 
incubation with IL-10. Additionally, the level of CD107a 
expression on the cell surface, reflecting the amount of 
secreted Granzyme B, was increased on  CD8+CD28− T-cells 
but not on  CD8+CD28+ T-cells (Fig. 6d).

Discussion

In agreement with the reported immunosuppressive 
properties of  CD8+CD28− T-cells in patients with solid 
tumors [4], we found that in patients with PCD the pres-
ence of  CD8+CD28− T-cells in the BM is associated with 

an inhibition of antigen-specific T-cell responses in our 
in vitro model (Fig. 1a). Clearly, a higher percentage of 
 CD8+CD28− T-cells is also associated with the inhibition 
of expansion of antigen-specific T-cells from HD (Fig. 1d), 
although we did not see a significant correlation (R = 0.7) 
between the number of  CD8+CD28− T-cells and the number 
of activated T-cells in the ELISPOT-assay (data not shown).

W h i l e  w e  o b s e r ve d  a n  e n r i c h m e n t  o f 
 CD8+CD28− T-cells in the BM of PCD patients (Fig. 2), 
there was no difference in the frequencies of these cells 
between EPD and APD patients (Fig. 2). We therefore con-
clude that the reported difference in immunosuppression 
between EPD and APD patients cannot be solely accounted 
for by differences in the quantity of  CD8+CD28− T-cells 
in the periphery or the BM, i.e., the MM tumor micro-
environment. While  CD8+ T-cell senescence and subse-
quent loss of CD28 on T-cells due to significant differ-
ences in age between EPD and APD patients (EPD vs. 
APD: p = 0.059, supplementary Table 1) might influence 
the analysis [30], we found no difference between these 
two groups regarding the amount of  CD8+CD28− T-cells 
(Fig. 2). Regarding the CD28 expression in T-cells from 
HD, it was not possible to determine the age of the HD in 
our setting, so we could not rule out that age difference 
might play a role in the frequency of  CD28− T-cells in HD.

Surprisingly, we found an increased amount of 
 CD8+CD28− T-cells from BM and PB with high expres-
sion of LFA-1 in patients with PCD compared to HD. 
The role of the ß-integrin LFA-1 as adhesion molecule 
is extensively described, and it is well known that LFA-1 
mediates the interaction between T-cells and antigen-pre-
senting cells [31]. Recent data show that LFA-1 is also 
important for the promotion of activation [32, 33] and dif-
ferentiation of T-cells [34] and that activation of T-cells 
via LFA-1 increases the frequency of IFN-γ producing Th1 
cells [34]. Ligation of LFA-1 enhances T-cell signaling 
due to a rearrangement of the immunological synapse [35] 
and mediates cytolytic procedures [36]. In this context, 
Filaci et al. described a moderately decreased expression 
of LFA-1 in patients with SLE and hypothesized a dimin-
ished regulatory function of the  CD8+CD28− T-cells in 
autoimmune diseases [3].

Instead of LFA, CD57 is a well-described marker of 
senescence in T-cells, and there are few reports that show 
the immunosuppressive capacity of  CD8+CD57+ T-cells in 
MM [25] via soluble factors. Due to this data, we correlated 
the expression of CD57 with the expression of LFA and 
found that all T-cells from the  CD8+CD28−LFAhigh T-cells 
express CD57; therefore, CD57 and  LFAhigh might describe 
the same T-cell population.

Another important finding of Filaci et  al. was that 
 CD8+CD28− T-cells from HD obtained suppressive 
function only after incubation with IL-10. Regarding 
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the change of immunophenotype upon incubation with 
IL-10, Filaci et al. described a downregulation of CD127 
on  CD8+CD28− T-cells, paralleled by the loss of effec-
tor functions. By combining the published data with our 
findings, we speculated that IL-10 might be a regulator of 
LFA-1 expression on  CD8+CD28− T-cells, which is clearly 
the case (Fig. 3). While Guan et al. showed that IL-10 
upregulates the expression of LFA-1 in adult neural stem 
cells in mice [37], to the best of our knowledge LFA-1 
modulation on T-cells by IL-10 has not been described 
so far and might be related to the described phenomenon 
that IL-10 from  CD8+CD28− T-cells inhibits prolifera-
tion of autologous lymphocytes [38]. Taken together, we 
showed that the IL-10 induced immunosuppression of 
 CD8+CD28− T-cells is attended by an enlargement of the 
 CD8+CD28−LFAhighCD57+ T-cell compartment.

An unexpected finding is the secretion of Granzyme B 
and Perforin by  CD8+CD28−LFAhigh T-cells. While it is 
clearly shown that the Granzyme B/Perforin pathway is a 
well-understood mechanism of T-cells to improve tumor 
clearance [39], data also exist highlighting the possibil-
ity of regulatory T-cells to kill effector T-cells by these 
cytokines [40]. We evaluate the possibility that IL-10 
triggered Granzyme B secretion of  CD8+CD28−LFAhigh 
T-cells results in killing of tumor-specific T-cells. For that 
we used a Granzyme B inhibitor in the above described 
co-culture of DC and PBMC, but found no effect regarding 
the generation of antigen-specific T-cells or the apoptosis 
rate of T-cells or DC (data not shown).

We observed immunosuppressive effects  of 
 CD8+CD28−LFAhigh T-cells only in a DC based cocul-
ture model (Fig. 3a). In a coculture model using K562_A2 

Fig. 6  Impact of IL-10 on the secretion of cytokines. a, b Cytokine 
secretion of CD3/CD28 activated  CD8+ T-cells of HD (n = 7). c 
Granzyme  B+ and  Perforin+ T-cells in  CD8+CD28−LFAhigh T-cells 

after IL-10 incubation as determined by flow cytometry (n = 10). 
d Secretion of cytotoxic granules assessed by measuring CD107a 
expression on  CD8+ T-cells by flow cytometry



1706 Cancer Immunology, Immunotherapy (2018) 67:1695–1707

1 3

 CD80+ cells as APCs, we did not see any immunosuppres-
sive effect of  CD8+CD28−LFAhigh T-cells on T-cell expan-
sion (Fig. 4). It seems likely that  CD8+CD28−LFAhigh 
T-cells impact the DC/T-cell interaction.

Taken together, these data indicate that the immunosup-
pression of  CD8+CD28−CD57+LFAhigh T-cells is induced 
by IL-10, mediated by a soluble factor, and influences the 
interaction of antigen-presenting cells with T-cells during 
the expansion of antigen-specific T-cells.
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