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Abstract Human CD8?CD28- T suppressor cells were

previously shown to be involved in the control of the

immune response to transplanted allografts. It seems

essential to examine how immunosuppressive drugs influ-

ence these cells. However, the CD8?CD28- population

contains both suppressor (Ts) and cytotoxic (Tc) T cells,

and the phenotype of the Ts subpopulation has not been

identified explicitly. It is proposed that the transcription

factor FOXP3 may be helpful in distinguishing the Ts and

Tc subpopulations. The aim of this study was to evaluate

the influence of the immunosuppressive drugs cyclosporine

A (CsA) and rapamycin (RAPA) on the level, suppressor

properties, and phenotype of human CD8?CD28- T cells

in vitro. The model used was the mixed leukocyte reaction

performed with peripheral blood mononuclear cells from

healthy volunteers. It was observed that CD8?CD28- T

cells from cultures with CsA or RAPA had similar sup-

pressor properties to cells from control cultures, although

the drugs influenced the expression of FOXP3. CsA and

RAPA did not interfere with the suppressor properties of

human CD8?CD28- T cells in vitro, although they affec-

ted the expression of the FOXP3 molecule.
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Introduction

Patients with organ allograft require lifelong immunosup-

pressive therapy to inhibit the host’s immune response to

alloantigens. Among immune cells are not only cells

responsible for graft rejection, but also regulatory cells that

potentially play essential roles in inducing and maintaining

transplant tolerance. Human CD8?CD28- suppressor cells

were previously shown to be involved in the control of the

immune response to transplanted allografts (Colovai et al.

2003; Strioga et al. 2011). The percentage of CD8?CD28-

cells in the peripheral blood of renal allograft recipients is

probably associated with graft function (Assadiasl et al.

2014; Baeten et al. 2006). It seems essential to examine

how immunosuppressive therapy influences CD8?CD28-

suppressor cells. The commonly used immunosuppressive

drugs, such as cyclosporine A (CsA) and rapamycin

(RAPA), have different mechanisms of action, and there-

fore their effect on the level and function of suppressor

cells can differ. CsA belongs to calcineurin inhibitors and it

is responsible for blocking the T cell receptor signal which

prevents activation of T lymphocytes. This prevents the

action of the main nuclear factor of activated T lympho-

cytes (Almawi and Melemedjian 2000). Rapamycin in

cytosol is bound by the FKBP protein and such a complex

prevents mTOR kinase. As a result, the cell cycle and

proliferation of T and B lymphocytes are blocked (Abra-

ham 1998).

The main drawback of in vivo studies is the lack of a

possibility to investigate the effect of a separate drug

because transplant recipients receive CsA or RAPA com-

bined with anti-inflammatory drugs. Therefore in vivo

studies should be supplemented by in vitro studies, espe-

cially as it was shown that CD8?CD28- Ts can be

generated in vitro (Allez et al. 2002; Arosa et al. 1998;
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Ciubotariu et al. 1998; Colovai et al. 2001; Liu et al. 1998;

Suciu-Foca et al. 2005).

Unfortunately, evaluation of the effect of immunosup-

pressive drugs at the level of the whole CD8?CD28-

population cannot provide unequivocal results. CD8?-

CD28- cells are a heterogeneous population (Arosa 2002;

Colovai et al. 2001). It contains not only suppressor cells

(Ts) but also cells that may mediate cytotoxicity (Tc).

CD8?CD28- Ts cells suppress the activation and prolif-

eration of alloreactive CD4? lymphocytes (Colovai et al.

2001; Cortesini et al. 2001; Liu et al. 1998; Suciu-Foca

et al. 2003), but CD8?CD28- Tc cells destroy allograft

cells (Zavazava and Kabelitz 2000). Thus there is a need to

identify the phenotype of the Ts subset of CD8?CD28-

cells. A few studies have demonstrated the presence of

FOXP3 mRNA in CD8?CD28- cells with suppressive

properties and revealed that the Ts subset is FOXP3?

(Suciu-Foca et al. 2005; Vlad et al. 2011). Considering the

fact that the transcription factor FOXP3 acts as a protein

(Hu et al. 2007; Rudensky et al. 2006; Schubert et al.

2001), both forms of this marker should be examined to

confirm that hypothesis.

In another study, we evaluated whether there is any

correlation between the expression of FOXP3 in the

CD8?CD28- population and renal allograft function or

type of immunosuppression (Korecka-Polak et al. 2011).

The present study refers to results obtained in vitro from

the mixed leukocyte reaction (MLR). The MLR is a model

used to mimic the situation after organ transplantation

when passenger leukocytes from the donor, received with

the grafted organ, meet and interact with the recipient’s

leukocytes.

The aim of this study was to evaluate the influence of

the immunosuppressive drugs CsA and RAPA on the level,

suppressor properties, and phenotype of human CD8?-

CD28- cells in terms of the FOXP3 marker in the MLR.

Materials and Methods

Allogenic MLR

Peripheral blood samples were obtained from healthy

volunteers aged 18–60 years. Peripheral blood mononu-

clear cells (PBMCs) were separated from their buffy coats

by Ficoll-Hypaque centrifugation. PBMCs (1 9 106 cells/

ml) were stimulated in 96-well plates: with allogenic

PBMCs (1 9 106 cells/ml) to perform two-way MLR or

with allogenic PBMCs (0.5 9 106 cells/ml) previously

blocked by mitomycin (50 ng/106 cells/ml; Sigma, USA)

and washed, to perform one-way MLR. The cells were co-

cultured for 6 days in complete medium (RPMI 1640) with

10 % fetal bovine serum, 1 % HEPES, 100 mM pyruvate,

50 mM 2-mercaptoethanol, 50 mg/ml gentamycin (all

Gibco, USA), and 20 mM L-glutamine (Sigma, USA) in

the presence or absence of CsA (200 ng/ml/106 cells;

Sandimmum, Novartis, Switzerland) or RAPA (20 ng/ml/

106 cells; Rapamune, Wyeth, USA).

Cell Phenotyping

The phenotypes of the cells were examined by standard flow

cytometric procedures, usingFACSCalibur (Becton–Dick-

inson, USA). This involved immunofluorescence staining of

cell samples using different combinations of FITC-, PerCP-,

PE-, and APC-conjugated mouse anti-human antibodies

anti-CD8 (Pharmingen, USA), anti-CD28 (Becton–Dickin-

son, USA), CD25 (Pharmingen, USA), CD69 (Pharmingen,

USA), and a PE anti-human FOXP3 Kit (eBioscence, USA).

The all of T cells (activated and resting) were distinguished

by FSC/SSC parameters based on our previous studies that

confirmed the presence of activation markers (CD25 and

CD69) on large granular cells. In these population we eval-

uated the CD8?CD28-CD69? cells.

Isolation of CD81CD282 Cells

After 6 days, cells from the one-way allogenic MLR were

collected and washed, and CD8? cells were isolated from

the PBMCs by negative selection using a Magnetic Particle

Concentrator and CD8-Negative Isolation Kit (Dynal,

USA) according to the manufacturer’s protocol. To sepa-

rate CD28- cells from the CD8? cell suspensions, the

isolated CD8? cells (1 9 107 cells/ml) were incubated

with goat anti-mouse beads (Dynal, USA) previously

coupled with anti-CD28 monoclonal antibody (Becton–

Dickinson, USA); then isolation was performed according

to the manufacturer’s protocol. Flow cytometric analysis

showed that the purity of the CD8?CD28- cell suspensions

was[85 %. These cells were used to evaluate their sup-

pressor properties or to isolate total mRNA.

Suppressor Properties of CD81CD282 Cells

Freshly isolated PBMCs were stained with carboxyfluo-

rescein succinimidyl ester (CFSE) (CellTrace CFSE Cell

Proliferation Kit; Molecular Probes/Invitrogen, USA)

according to the manufacturer’s protocol with one excep-

tion: CFSE from stock solution was added to a final

concentration of 1 lM per 1 9 107 cells/ml. Than the

secondary MLR was performed with the CFSE-labeled

PBMCs, freshly isolated non-staining allogenic PBMCs,

and CD8?CD28- cells isolated from the primary one-way

MLR. After 4 days the cells were collected, washed,

stained for CD4 according to the standard procedure, and

the proliferation of the CD4? cells was determined.
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The scheme of cultures was: (a) primary culture: donor

A PBMCs (responder cells) plus donor B PBMCs (blocked,

stimulator cells), ratio 2:1, and (b) secondary culture: donor

A PBMCs (CFSE-labeled, responder cells) plus donor B

PBMCs (stimulator cells) plus CD8?CD28- cells (isolated

from the primary culture), ratio 2:1:0.5.

Suppressive action of T lymphocytes CD8?CD28- was

evaluated as the ability of these cells to inhibit the prolif-

eration of T CD4? lymphocytes in MLR. On the last day of

culture, viability of lymphocytes was determined using

trypan blue.

Total RNA Isolation

Total RNA was isolated from 1 to 2 9 106 CD8?CD28-

cells using an RNeasy Mini Kit (Qiagen, Germany)

according to the manufacturer’s protocol (RNeasy Mini

Handbook, Fourth Edition, April 2006). mRNA was kept at

-80 �C.

Reverse Transcription

Two lg of RNA, 1 ll of 10 mM dNTP, and 1 ll of 50 ng/

ll random hexamers (Invitrogen/USA Life Technologies)

was used for the synthesis of complementary strand DNA.

The suspension was brought to a total volume of 10 ll with
DEPC-treated water. Ten ll of reaction mixture, which

consisted of 2 ll 10 9 RT buffer, 2 ll of 0.1 mM DTT,

4 ll of 25 mM MgCl2, 1 ll of RNaseOUT (40 U/ll), and
1 ll of SuperScript III RT (200 U/ll), was then added to

each tube. The conditions for incubating the tubes in the

heating block were 10 min at 25 �C, 50 min at 50 �C, and
5 min at 85 �C. For the last 20 min, 1 ll of E. coli RNase
H (2 U/ll) was added to each tube and the tubes were

incubated at 37 �C.

Real-Time Polymerase Chain Reaction

The single PCR mixture consisted of 10 ll of TaqMan

Universal PCR Master Mix, 9 ll of template cDNA, and

1 ll of TaqMan Gene Expression Assays for FOXP3 (study

gene) or GAPDH (control gene). PCR mixtures were then

placed in a 96-well Optical Reaction Plate with Barcode

(Applied Biosystems, USA). The reaction was carried out

in an ABI PRISM 7700 Sequence Detection System. The

thermocycling conditions were 2 min at 50 �C, 10 min at

95 �C, 40 cycles for 15 s at 95 �C, and 1 min at 60 �C. The
gene expression level for FOXP3 was defined by the for-

mula: e = 2-DDCt. GAPDH was used as the housekeeping

gene.

Experiments were performed in the Department of

Immunology, Transplant Medicine and Internal Diseases,

Transplantation Institute, Medical University of Warsaw.

Statistical Analysis

Statistical analysis was performed by Wilcoxon’s matched

pairs test and Spearman’s rank order correlations. Value of

p\ 0.05 was regarded as significant.

Results

Influence of CsA and RAPA on the Level of Human

CD81CD282 Cells in MLR

We observed strong individual differences in the change

in percentage of CD8?CD28- cells under the influence of

CsA and RAPA. In some cultures with the drugs, the

level of CD8?CD28- cells decreased significantly, but

there was no decline in other cultures or even an increase

in the percentage of CD8?CD28- cells (Fig. 1a). The

investigated drugs reduced the level of activated CD8?-

CD28- cells in all cultures, with an average of 26 % in

the control, 5 % in cultures with RAPA and 6 % in cul-

tures with CsA (Fig. 1b), and had no significant effect on

resting CD8?CD28- cells (data not shown). In cultures

with a higher level of activated cells we observed a sig-

nificant decrease in the percentage of CD8?CD28-,

whereas in cultures with a lower level of activated cells

there were three possible situations: a decrease, no

change, or an increase in the percentage of CD8?CD28-

cells (Fig. 1c).

The influence of the drugs on the percentage of CD8?-

CD28- cells was also connected with the presence of

human leukocyte antigen (HLA) class I mismatches

between the donors of the PBMCs. In control cultures

without HLA class I mismatches, the percentage of

CD8?CD28- cells was higher (64 %) than in cultures with

one common HLA class I (47 %) (Fig. 1d) due to the

higher level of activated lymphocytes (data not shown),

and the drugs reduced the percentage of CD8?CD28- cells

(Fig. 1d). In Fig. 1d, the horizontal line marks the per-

centage of CD8?CD28- cells in the population of

lymphocytes T CD8? on day 0 of the culture.

Influence of CsA and RAPA on Suppressor

Properties of CD81CD282 Cells in MLR

We observed that CD8?CD28- cells derived from the

primary culture reduced the proliferation of alloreactive

CD4? lymphocytes in the secondary culture (Fig. 2a). The

presence of CsA or RAPA in the primary culture did not

affect the suppressor properties of CD8?CD28- cells

shown in the secondary culture.

The viability of cells was[90 % in all variants of

cultures.
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Comparison of FOXP3 mRNA and Protein Levels

in Human CD81CD282 Cells in MLR with CsA

and RAPA

CD8?CD28- cells from cultures with RAPA and cells

from control cultures had similar amounts of FOXP3

mRNA, but in the presence of RAPA there was a

smaller percentage of cells with FOXP3 protein in the

CD8?CD28- population. The level of FOXP3 mRNA

in CD8?CD28- cells from cultures with CsA was half

that of the cells from control cultures, and no FOXP3

protein was detected (Fig. 2b). The percentages of

CD8?CD28- cells with FOXP3 protein differed

between individual cultures, but this did not correlate

with the level of FOXP3 mRNA. Most of the CD8?-

CD28- cells with FOXP3 protein were activated (data

not shown).

Discussion

The influence of CsA and RAPA on the level of CD8?-

CD28- cells seems to be dependent on the percentage of

activated CD8?CD28- cells. The influence of the drugs on

the percentage of CD8?CD28- cells is probably also

connected with HLA class I mismatches in MLR. CD8?-

CD28- cells recognize antigens in the context of MHC

class I (Hohn et al. 2003), so the presence or lack of HLA

class I mismatches in MLR may be essential for the level of

activated lymphocytes and therefore the influence of CsA

and RAPA on the percentage of CD8?CD28- lympho-

cytes. This should be taken into consideration in studies

evaluating the effect of immunosuppressive drugs on the

level of CD8?CD28- cells in vitro.

CD8?CD28- cells from the cultures with drugs had

regulatory properties similar to the cells from control cul-

Fig. 1 The effects of CsA and RAPA on the percentage of

CD8?CD28- cells generated in MLR cultures. The influence of the

drugs on the percentage of CD8?CD28- cells (a); the influence of the
drugs on the percentage of activated cells in the CD8?CD28-

population, Wilcoxon matched pairs test: CsA p = 0.000007, RAPA

p = 0.000003. The dot-plots contains a representative experiment

(b); the correlation between the activation of CD8?CD28- cells and

the influence of the drugs on the percentage of CD8?CD28- cells,

Spearman’s rank order correlation (c); the influence of CsA and

RAPA on the percentage of CD8?CD28- cells in cultures with

(A ? C) or without (A ? B) HLA I mismatches, HLA- donor A:

A1, 26; B37, 56; DR 1, 16(2); HLA- donor B: A24, 32; B 62(15),

61(40); DR 11(5), 11(36); HLA-donor C: A1, 25; B 13, 18; DR 7,

15(2) (d). p\ 0.00001 compared with the control
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tures. Currently, there is considerable evidence indicating

that RAPA promotes the generative and suppressive

properties of CD4?CD25? cells, which are other regula-

tory T cells, whereas CsA inhibits this process (Battaglia

et al. 2005; Bocian et al. 2010; Chen et al. 2000; Coenen

et al. 2006; Gao et al. 2007). CsA and RAPA affected the

level of CD8?CD28- cells, but these drugs did not inter-

fere with the suppressor properties of CD8?CD28- cells.

Fig. 2 The influence of CsA and RAPA on the properties of

CD8?CD28- cells in MLR. Inhibition of CD4? T cell proliferation

in the secondary MLR culture by CD8?CD28- cells derived from the

primary culture; 1: PBMCs from donor 1; 2: PBMCs from donor 2;

CD8?CD28-: CD8?CD28- cells from the primary culture without

any drug; CD8?CD28-CsA: CD8?CD28- cells from the primary

culture with CsA; CD8?CD28-RAPA CD8?CD28- cells from the

primary culture with RAPA. The dot-plots contains a representative

experiment (a). p\ 0.05 compared with the control culture: 1 ? 2;

the influence of CsA and RAPA on the expression of FOXP3 in the

CD8?CD28- population: mean percentage of CD8?CD28- cells with

FOXP3 protein; mean expression of FOXP3 mRNA (b). p\ 0.05

compared with the control or drug
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Calvo-Turrubiartes writes that calcineurin inhibitors

induce, in vivo and in vitro, a diminution in the levels of

CD8?CD28- lymphocytes, which may correspond to T

suppressor or cytotoxic cells (Calvo-Turrubiartes et al.

2009).

We should focus on the change in phenotype of

CD8?CD28- cells caused by drugs. However, it is difficult

to indicate which markers should be taken into

consideration.

Our results suggest that FOXP3 cannot help in distin-

guishing the Ts and Tc subsets of CD8?CD28- cells.

Although CsA and RAPA influenced the percentage of

FOXP3? cells within the CD8?CD28- population, they

did not significantly affect the capacity of CD8?CD28-

cells to reduce the proliferation of alloreactive CD4? cells

in the secondary MLR.

FOXP3 is considered a key marker for regulatory and

suppressor cells (Li and Greene 2008; Li et al. 2008;

Nakamura et al. 2007). This view is based mainly on indirect

evidence. The presence of FOXP3 mRNA was noted in

CD8?CD28- cells isolated from the peripheral blood of

patients with stable graft function (Manavalan et al. 2004;

Suciu-Foca et al. 2005; Zhou et al. 2007). It was also

observed that the level of FOXP3 mRNAwas much lower in

CD8?CD28- cells from the blood of patients with chronic

renal allograft rejection than patients with stable graft

function and healthy non-recipients (Baeten et al. 2006).

There is also more potent evidence, such as a few observa-

tions that FOXP3 mRNA is present in CD8?CD28- cells

with suppressor properties generated in vitro (Manavalan

et al. 2004; Scotto et al. 2004; Suciu-Foca et al. 2005).

Nonetheless, we should remember that there is no pos-

sibility to check the suppressor properties of cells that had

earlier confirmed presence of FOXP3 mRNA. There is

‘‘reverse evidence’’: researchers examined the presence of

FOXP3 mRNA in cells that had shown suppressor prop-

erties, for example had inhibited the proliferation of CD4?

cells by more than 80 % (Suciu-Foca et al. 2005). Con-

sidering that the CD8?CD28- population is very

heterogeneous, it is not good evidence for a connection

between the FOXP3 marker and the suppressor properties

of CD8?CD28- cells. What is more, the FOXP3 molecule

should be in the form of a protein to act as a transcriptional

factor and influence cell function. Data about the presence

of FOXP3 protein in CD8?CD28- cells or generally in

CD8? cells are very poor. We have found only one study

that tried to evaluate the level of FOXP3 protein in

CD8?CD28- cells. The cells were isolated from the

peripheral blood of patients who received immunosup-

pressive therapy based on CsA or RAPA, and FOXP3

protein was not detected (Segundo et al. 2006). In another

study, the percentages of CD8?CD28-FOXP3? T cells

were significantly higher in the belatacept group (after

renal transplantation) when compared to those under

cyclosporine and controls. Moreover, a difference was also

found when the cyclosporine group was compared with

controls, being higher in the latter group (Furuzawa-Car-

balleda et al. 2014).

Some literature data suggest that the FOXP3 marker is

not restricted to regulatory cells (Gavin et al. 2006) and its

expression and the suppressor properties of cells are only a

coincidence (Pillai et al. 2007). What is more, FOXP3

protein is detected mainly in proliferating cells (Pillai et al.

2007). CD8?CD28- cells do not proliferate (Arosa 2002;

Effros et al. 2003; Scheuring et al. 2002) or only a few

percent of these cells maintain proliferative capacity

(Colovai et al. 2001), so the very low level of FOXP3?

cells in the CD8?CD28- population we observed seems to

be nothing unexpected. We should probably conclude that

FOXP3 is a marker of cell activation and that CsA and

RAPA inhibit the activation and proliferation of cells and

that is the reason why they reduced the expression of

FOXP3 protein. Our results suggest that CD8?CD28- cells

can be activated in the presence of RAPA, but it is not

possible in the presence of CsA.

In our study, we observed that CsA completely inhibits

translation of the FOXP3 gene and reduces transcription,

whereas RAPA interferes only with translation of this gene

in CD8?CD28- cells. In the case of FOXP3 mRNA, this is

compatible with literature data about the influence of CsA

and RAPA on CD4? cells (Mantel et al. 2006; Zuber et al.

2007). The literature data about the influence of the

investigated drugs on FOXP3 protein are more ambiguous.

There are studies that show both a lack (Mantel et al. 2006)

and the presence (Coenen et al. 2006) of FOXP3 protein in

CD4? cells from cultures with CsA. What is more, it is

considered that RAPA does not change the expression of

FOXP3 protein in CD4?CD25? cells (Coenen et al. 2006)

and selectively expands CD4?CD25?FOXP3? cells (Bat-

taglia et al. 2005; Bocian et al. 2010). Wang et al. (2013)

demonstrated that only cultivated CD4? Treg cells

expressed the phenotype CD4?CD25? FOXP3?, whereas

CD8? Treg cells expressed CD8? CD25? without FOXP3

coexpression.

We should remember that CD8?CD28- Ts and CD4?-

CD25? Treg cells have different origins and mechanisms of

action, and they could also differ in their sensitivity to drugs.

To sum up, in our study we found that CsA and RAPA

did not interfere with the suppressor properties of human

CD8?CD28- T cells in vitro, although they affected the

expression of the FOXP3 molecule.
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