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Abstract: Background: IL-15 is a homeostatic cytokine for human T and NK cells. However, whether 
other cytokines influence the effect of IL-15 is not known. We have studied the impact that IL-10, 
TGF-b, IL-17A and IFN-g have on the IL-15-induced proliferation of human T cells and the 
expression of HLA class I (HLA-I) molecules. Methods: Peripheral blood lymphocytes (PBL) were 
labeled with CFSE, and stimulated for 12 days with IL-15 in the absence or presence of the other 
cytokines. The proportion of proliferating T cells and the expression of cell surface HLA-I molecules 
were analyzed by flow cytometry. Results: The IL-15-induced proliferation and expansion of T cells 
was paralleled by an increase in the expression of HC-10-reactive HLA-I molecules, namely on T 
cells that underwent ≥5-6 cycles of cell division. Noteworthy, the IL-15-induced proliferation of T 
cells was potentiated by IL-10 and TGF-β, but not by IL-17 or IFN-g, and was associated with a 
decrease in the expression of HC-10-reactive molecules. Conclussions: The cytokines IL-10 and TGF-
β potentiate the proliferative capacity that IL-15 has on human T cells in vitro, an effect that is 
associated with a reduction in the amount of HC-10 reactive HLA class I molecules induced by IL-
15. 
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1. Introduction 

Cytokines are small proteins secreted by cells of both the innate and adaptive immune systems 
that regulate a diverse array of biological processes within and outside the immunological system. 
IL-10 is an immune-related cytokine capable of inhibiting co-stimulatory signals via CD28 in naïve T 
cells, reducing differentiation of Th1 cells and the development of dendritic cells, decreasing survival 
of Th2 cells, suppressing the activity of Th17 cells, and preserving Foxp3 expression in Tregs [1–7]. 
In addition, IL-10 has also been described as having inhibitory and stimulatory effects on human 
CD8+ T cells. While inhibition of CD8+ T cells is an indirect effect resulting from down-modulation 
of costimulatory molecules and MHC-I molecules by antigen presenting cells, stimulation is 
associated with expression of the IL-2 receptor α chain [8–10]. TGF-β is a known regulator of a variety 
of processes, including cell activation, proliferation, and differentiation. Thus, TGF-β has been shown 
to inhibit T cell differentiation, promote formation and expansion of Treg cells, impair maturation of 
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dendritic cells, inhibit Th17 cell differentiation, promote trans-differentiation between Th17 and 
Tregs, and vice-versa, and inhibit cytolytic activity of cytotoxic T lymphocytes [11–18]. In contrast to 
IL-10 and TGF-β, the cytokines IFN-g and IL-17A are immune-related cytokines capable to cause cell 
activation and inflammation. IFN-g is primarily produced by NK, NKT, Th1, and cytotoxic CD8+ T 
cells [19]. In addition to its well-known role in augmenting MHC expression on a variety of immune 
and non-immune cells, IFN-g has been long known as a cytokine with a marked direct effect on the 
activation of human CD8+ T cells [20,21]. Although IL-17A shares some biological effects with IFN-
g, the scientific data of its effects on T cells are scarce or lacking. Thus, in addition to its involvement 
in the activation of a variety of non-immune cells, IL-17 alone or in combination with IFN-g recruits 
and activates innate cells at sites of inflammation, therefore contributing to augment the 
inflammatory process [22,23]. 

Despite this body of knowledge, the effect that these cytokines have on the antigen-independent 
activation of CD3+ T cells, namely by cytokines such as IL-15, is presently unknown. We have 
previously shown that IL-15 functions as a homeostatic cytokine that regulates the activation and 
expansion of naïve CD8+ T cells in vitro [24–26]. We, and others, have also shown that T cell activation 
leads to changes in the physiological equilibrium between closed, i.e., β2m-associated, W6/32-
reactive, and open, i.e., β2m-free, HC-10-reactive, HLA class I [HLA-I] molecules/conformers [27,28]. 
The existence of open HLA-I conformers is physiologically and functionally relevant in normal and 
clinical settings, such as during normal T cell activation [27], transplantation [29], autoimmunity [30] 
and malignancy [31,32]. This is due to the special molecular features of these molecules, which allow 
them to interact in cis and trans with NK receptors and growth factor receptors [33]. However, 
whether IL-15 itself or in combination with any of the aforementioned immune-related cytokines has 
an effect on the expression levels of open HLA-I conformers on the cell surface of activated T cells, is 
not known. Since IL-15 and the aforementioned cytokines are likely to share the same 
microenvironments at different phases of an inflammatory process, we were interested in examining 
the effects of IL-10, TGF-β, IFN-g and IL-17A on in vitro IL-15-activated human T cells, namely on 
their proliferative capacity and on the physiological equilibrium between closed and open HLA-I 
conformers. 

2. Results 

To elucidate the impact of immune-related cytokines on the IL-15-activation and proliferation of 
ex vivo human T cells, fresh peripheral blood lymphocytes (PBL) preparations were cultured in vitro 
for 12 days in the presence of IL-15 alone (10ng/mL) or in combination with IL-10, TGF-β, IL-17A, 
and IFN-g at two different concentrations (1ng/mL and 10ng/mL). While IL-15 was added at the start 
of the culture and six days later, the other cytokines were all only added at the start of the culture. 
Figure 1 (left panel) shows the gating strategy to determine the total and relative percentages of CD3+, 
CD3+CD8+ and CD3+CD8− T cells in cultures PBL in the presence of IL-15 for 12 days. IL-15-
activation of PBL induced the formation of a population of lymphoblasts (Figure 1A), which 
contained a mixture of CD3+CD8+ T cells, CD3+CD8−T cells and lymphocytes negative for both T cell 
markers, most likely NK cells (Figure 1B), which allowed us to calculate the percentage of the two T 
cell populations. Cells within the IL-15-induced lymphoblasts were predominantly CD3+ T cells 
(Figure 1C), and after gating in the total CD3+ T cells (black square), we could determine the relative 
percentage of CD3+CD8+ T cells (blue square) and CD3+CD8−T cells (red square) at the end of the 
cultures (see Figure 1D). As previously shown by us [25,26], the percentage of CD3+CD8+ T cells that 
divided in response to IL-15 outnumbered the percentage of CD3+CD8− T cells (most likely 
CD3+CD4+ T cells) in a proportion of approximately 2:1 (75.7% vs. 40.8%, p=0.0001; n=4) (see also 
Figure 1, right panel). The preferential expansion of CD3+CD8+ T cells was seen with all combinations 
of cytokines (Suppl. Figure 1). The same type of analysis was performed in cultures with 
combinations of IL-15 and the other cytokines. Interestingly, addition of IL-10 and TGF-β, both used 
at 10ng/mL to the IL-15-stimulated PBL cultures significantly increased the relative percentage of 
CD3+CD8+ T cells, but not of CD3+CD8− T cells, at the end of the culture (Figure 2A). In marked 
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contrast, IL-17A and IFN-g had no effect on the IL-15-induced CD3+CD8+ T cell proliferation (data 
not shown). 

 
Figure 1. left panel. Gating strategy to study the phenotype of lymphoblasts induced by IL-15. 
Fresh PBL were isolated, labelled with CFSE and cultured for 12. days in the presence of IL-15 added 
at days 0 and 6, as indicated in material and methods. (A) Dot-plot shows FSC versus SSC parameters 
of lymphoblasts at day 12 of culture with IL-15, illustrating the blast transformation of PBL in 
response to IL-15. Small and larger (blast) cells can be observed. (B) Dot-plot shows CD3 versus CD8 
expression on gated IL-15 induced lymphoblasts, allowing for the determination of the percentage of 
total CD3+CD8+ T cells (Upper Right Quadrant, URQ) and CD3+CD8− T cells (likely CD4+ T cells, 
Upper Left Quadrant, ULQ). (C) Dot-plot shows CD3 versus FSC on gated IL-15 induced 
lymphoblasts, allowing for the determination of the percentage of total CD3+ T cells. (D) Dot-plot 
shows CD8 versus CD3 expression on gated total CD3+ T cells (black square), allowing for the 
determination of the relative percentage of CD3+CD8+ T cells (blue square) and CD3+CD8− T cells 
(red square). Figure 1, right panel. Gating strategy to study the expression of HC-10 and W6/32 
epitopes in IL-15-stimulated PBL. Upper dot-plots show CFSE halving versus HC-10 expression in 
total CD3+ T cells (E), total CD3+CD8+ T cells (G) and total CD3+CD8− T cells (I). The percentage of 
dividing cells (ULQ) and the number of cycles of cell divisions are indicated. Black arrow highlights 
the most dividing (≥6 division cycles). Lower dot-plots show CFSE halving versus W6/32 expression 
in total CD3+ T cells (F), total CD3+CD8+ T cells (H) and total CD3+CD8− T cells (J). The percentage 
of dividing cells (ULQ) are indicated. These dot-plots allowed us to determine the relative percentage 
of dividing CD3+ T cells, CD3+CD8+ T cells and CD3+CD8- T cells. 
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Figure 2A. Effect of IL-10 and TGF-β on the relative percentage of dividing CD3+CD8+ T cells. 
Fresh PBL were isolated and cultured as indicated in the legend of Figure 1 in the absence or presence 
of IL-10 and TGF-β. Twelve-day activated PBL were labelled with W6/32+GAM-PE or HC-10+GAM-
PE, and CD3 and CD8 antibodies, as indicated in the Material and Methods, and analyzed by flow 
cytometry. The graphs show the relative percentage of dividing CD3+CD8+ T cells (Mean±SEM, n=4) 
on gated lymphoblasts in the different culture conditions. P values are indicated. Figure 2B. Effect of 
IL-15 on the expression of HC-10 and W6/32 epitopes by dividing CD3+ T cells. Fresh collected PBL 
were isolated, cultured and labelled as indicated in the legend of Figure 1, and analyzed by flow 
cytometry. Normalized MFI values were calculated as indicated in the Material and Methods. Graphs 

CD3+ T cells CD3+CD8+ T cells CD3+CD8− T cells 
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show the normalized HC-10 and W6/32 MFI values (Mean±SEM, n=4) on total dividing CD3+ T cells 
and the most dividing CD3+ T cells (≥6 cycles of cell division; see black arrow in Figure 1, right panel, 
upper row). P values are indicated. Figure 2C. Effect of IL-10 and TGF-β on the expression of HC-
10-reactive HLA-I molecules induced by IL-15 on the most dividing T cells. Fresh collected PBL 
were isolated, cultured and labelled as indicated in the legend of Figure 1, and analyzed by flow 
cytometry. Normalized MFI values were calculated with relation to non-dividing cells, as indicated 
in the Material and Methods. Upper graphs show the normalized HC-10 MFI values (Mean±SEM, 
n=4) on the most dividing CD3+, CD3+CD8+, and CD3+CD8− T cells upon culture with IL-15 alone or 
in the presence of 1ng and 10ng of IL-10. Lower graphs show the normalized HC-10 MFI values 
(Mean±SEM, n=4) on the most dividing CD3+, CD3+CD8+, and CD3+CD8− T cells upon culture with 
IL-15 alone or in the presence of 1ng and 10 ng of TGF-β. P values are indicated. 

Next, we were interested in examining the expression of HLA class I (HLA-I) molecules at the 
cell surface of the activated and dividing CD3+ T cells, and the subsets within. Thus, previous studies 
have shown that mature b2m-free HLA-I molecules, also known as open HLA-I conformers, are 
expressed at the cell surface by antigen-activated normal T cells and transformed T and B cell lines, 
and are involved in regulating key plasma membrane-associated events, including intracellular 
parthways mediated by signaling receptors and receptor endocytosis [27,34–37]. Thus, we wanted to 
ascertain whether IL-15, or combinations of IL-15 with the other immune-related cytokines, 
influenced expression of HLA-I molecules, either as β2m-associated/W6/32-reactive (i.e., closed 
HLA-I conformers) or as β2m-free/HC-10-reactive (i.e., open HLA-I conformers). Figure 1 (right 
panels) shows the gating strategy to determine the mean fluorescence intensity (MFI) expression 
values of HC-10-reactive and W6/32-reactive HLA-I forms in CD3+ T cells (Figures 1E and 1F), 
CD3+CD8+ T cells (Figures 1G and 1H), and CD3+CD8− T cells (Figures 1I and 1J) in the dividing 
(CFSE halving) cells. Analysis of the expression of closed and open HLA-I conformers at the cell 
surface of the dividing CD3+ T cells revealed interesting results. While expression of closed HLA-I 
conformers remained steady during the cell divisions (Figure 1F), expression of open conformers 
consistently increased with each cycle of cell division, being maximal in CD3+ T cells that underwent 
≥6 cell division cycles (Figure 1E, see black arrow). These results were observed both in CD3+CD8+ 
and CD3+CD8− T cells (Figures 1G, 1H, 1I and 1J). Given the differences in MFI values obtained 
between experiments, we normalized these values to the MFI values obtained in non-dividing cells 
(i.e., arbitrary units of fluorescence, a.u.f.). While the W6/32 MFI values in non-dividing cells ranged 
between 279.225 and 582.286 a.u.f., the HC-10 MFI values in non-dividing cells ranged between 2.434 
and 12.406 a.u.f.. On average, the level of expression of closed HLA-I conformers was about 35-fold 
higher that the levels of expression of open HLA-I conformers, with the background fluorescence 
levels being below 1.000 a.u.f (data not shown). 

As shown in Figure 2B, the normalized HC-10 (open HLA-I conformers) MFI values in IL-15-
activated CD3+ T cells were statistically significantly higher (approx. 2-fold increase; p<0001, n=4) 
when the total fraction of dividing CD3+ T cells was compared to the non-dividing cells. This increase 
was even more striking (approx. 3-fold increase; p=0.003, n=4) when only the most dividing CD3+ T 
cells (indicated by the black arrow in Figure 1E) were considered. The increase in HC-10-reactive 
HLA-I molecules was observed both in CD3+CD8+ T cells (Figure 1G, p<0.0001)) and CD3+CD8− T 
cells (Figure 1I, p<0.005). In marked contrast, while no significant changes were observed in the 
expression of closed HLA-I conformers in CD3+ T cells (p=0.209) and CD3+ CD8+ T cells (p=0.541), a 
small, but signifiant increase, was observed in CD3+CD8− T cells (p=0.037). Noteworthy, when the 
same analysis was performed for the combination of IL-15 with the other cytokines, IL-10 and TGF-
β significantly reverted the increase in open HLA-I conformers induced by IL-15 in the most dividing 
cells (i.e., ≥6 cycles of cell division). As shown in Figure 2C, this reversion was seen in CD3+ T cells 
(IL-10 at 1ng and 10ng; TGF-β at 1ng) and CD3+CD8+ T cells (IL-10 at 1ng and 10ng; TGF-β at 10ng) 
but not in CD3+CD8− T cells. In contrast, IL-17A and IFN-g did not have any significant effect on the 
expression of HC-10-reactive HLA-I molecules (data not shown). Regarding the expression of closed 
HLA-I conformers, any of the cytokines studied altered the levels of expression, except for of 10ng of 
TGF-β that significantly increased W6/32-reactive HLA-I forms in CD3+CD8− T cells (p=0.013). 
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3. Discussion 

This study aimed to elucidate the impact of several immune-related cytokines, namely IL-10, 
TGF-β, IL-17A and IFN-g, on the IL-15-induced activation of human CD3+ T cells. Some of these 
cytokines play important roles in the biology of T cells both in vitro and in vivo. Moreover, some of 
them are presently being used as part of immunotherapies aimed at expanding/inhibiting 
cytotoxic/auto-reactive T cells to treat cancer, autoimmune disorders, and downplaying 
inflammation in chronic disorders [38–40]. Thus, ascertaining whether these cytokines have an 
enhancing or inhibitory effect on the IL-15-mediated activation of CD3+ T cells, and subsets within, 
may provide important insights in our understanding of the biology of these cytokines. IL-15 is 
known to be involved in the activation and proliferation of human CD8+ T cells, with some of them 
differentiating into effector-memory CD8+ T cells expressing variable levels of CD45RA (i.e., CD8+ 
TEMRA) akin to a variety of NK receptors, and expressing CD8⍺⍺ homodimers [25,26,41]. However, 
this is the first time that the IL-15-mediated activation of CD3+ T cells also induces the expression of 
open HLA-I conformers at the plasma membrane, adding to the body of knowledge indicating that 
these HLA-I conformers are expressed as a result of cell activation, proliferation and differentiation 
regardless of the nature of the stimuli [28,33]. Of note, the potentiating effect that the presence of IL-
10 and TGF-β had on the proliferation of the IL-15-activated CD3+CD8+ T cells was associated with 
a significant reduction on the expression of the HLA-I conformers not associated with β2m. These 
results are concordant with the lack of effect observed with IL-17A and IFN-g both in potentiating 
IL-15-mediated T cell proliferation and in increasing HC-10-reactive open HLA-I conformers. 

Since IL-10 and TGF-β are cytokines associated with immunosuppressive processes, their effect 
in the proliferation of CD3+CD8+ T cells and in the increase of the percentage of CD3+CD8+ T cells at 
the end of the culture appear conflicting. TGF-β is best known for influencing T cell differentiation in 
combination with other cytokines [42,43], but not necessarily their proliferation. IL-10, on the other 
hand, is known for inhibiting or stimulating T cell proliferation depending on the cell status at the 
time of exposure and whether an APC is present or not [8,9]. Perhaps, IL-15 may also induce an 
increase in the expression of IL-10 and TGF-β receptors at the plasma membrane of CD3+CD8+ T 
cells, allowing for a more pronounced effect of these cytokines. Alternatively, these cytokines may 
enhance the generation of CD8+ TEMRA cells and CD3+CD8⍺⍺ T cells, which contain subsets of 
suppressor/regulatory T cells [41,44,45]. In either case, IL-10 and TGF-β emerge as modulators of the 
physiological equilibrium between closed (i.e., β2m-associated, W6/32-reactive) and open (i.e., β2m-
free, HC-10-reactive) HLA class I conformers at the cell surface of activated CD3+ T cells. Further 
studies on the effect of IL-10 and TGF-β on the IL-15-induced activation and proliferation of human 
CD3+ T are warranted to disclose the exact mechanisms behind this interplay. 

4. Materials and Methods 

Ethics Statement 

Human peripheral blood mononuclear cells (PBMC) were obtained from buffy coats of 
anonymous healthy regular blood donors kindly provided by the Centro do Sangue e da 
Transplantação de Coimbra (CST-C, Portugal) under a protocol approved by the Portuguese Institute 
of Blood and Transplantation (IPST, IP, Lisbon), the University of Beira Interior (UBI), and the Faculty 
of Health Sciences (FCS-UBI). The study protocol was approved by the Ethics Committee of the 
University in accordance with the Declaration of Helsinki (Ref. Number CE-UBI-Pj-2017-012). 

Cells Isolation, CFSE Labeling and Culture Conditions 

PBMC were isolated as previously described by us, from buffy coats after centrifugation over 
Lymphoprep (STEMCELL Technologies, France). Contaminating red blood cells were lysed in lysis 
solution (10 mM Tris, 155 mM NH4Cl, pH 7.4) for 10 minutes at 37°C. Enriched peripheral blood 
lymphocytes (PBL) were obtained after incubation of PBMC in Petri dishes for 1 hour at 37°C and 5% 
CO2. Freshly isolated PBL were immediately labelled with CellTraceTM CFSE Cell Proliferation kit 
(Thermo-Fisher Scientific, USA) at a final concentration of 5μM for 5 minutes at room temperature 
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(RT) in phosphate-buffered saline (PBS) with occasional mixing, followed by three washes with 
RPMI-1640 medium (Thermo-Fisher Scientific) containing 10% heat-inactivated fetal bovine serum 
(FBS). Then, CFSE-labeled PBL (1.0x106/mL) were cultured in 24-well plates (Greiner Bio-One, 
Austria) in RPMI-1640 GlutaMAX medium (Thermo-Fisher Scientific) supplemented with 5% human 
serum (Sigma-Aldrich, USA) and 1% antibiotic-antimycotic solution (Sigma-Aldrich) at 37°C, 5% 
CO2, and 95% humidity for 12 days. PBL were cultured in the presence of IL-15 alone (10ng/mL) 
added at day 0 and 6, or in combination with 1ng and 10ng of IL-10, TGF-β, IFN-g and L-17A (R&D 
Systems, USA), added at day 0. 

Flow Cytometry Studies 

For cell surface staining, approximately 0.5x106 cells were incubated in 96-well round-bottom 
plates at 4°C in the dark for 30 minutes with combinations of different unconjugated and 
fluorochrome-conjugated antibodies diluted in staining solution (PBS, 0.2% BSA, 0.1% NaN3). Briefly, 
cells were first separately incubated with the unconjugated W6/32 antibodies (Thermo-Fisher 
Scientific), which recognize a monomorphic epitope on all classical HLA class I heavy chains, 
dependent on the presence of β2m (28, and references herein), or HC-10 antibodies (Thermo-Fisher 
Scientific), which recognize HLA class I heavy chains not associated with β2m and peptide and 
having the peptide sequence PxxWDR in the α1 domain (28, and references herein), followed by 
incubation with PE-conjugated goat anti-mouse antibodies (GAM-PE, BioLegend, USA). After 
washing, W6/32 and HC-10 labeled cells were incubated with APC-conjugated mouse anti-CD3 
(CD3-APC, Thermo-Fisher Scientific) and PE-Cy7-conjugated mouse anti-CD8β (CD8β-PE-Cy7; 
BioLegend) antibodies. Irrelevant IgG2a-PE-Cy7 mouse antibodies were used as control for 
background fluorescence (Thermo-Fisher Scientific). After washing, a minimum of 20,000 events 
were acquired in a BD Accuri C6 (BD Biosciences, USA). Labeled cells were analyzed using BD Accuri 
C6 software (BD Biosciences). 

Quantification of Cell Proliferation 

T cell divisions were determined by sequential halving of CFSE fluorescence intensity after the 
period of culture. In all the experiments performed, CFSE halving allowed to distinguish the different 
cycles of cell division. To quantitate changes in the percentages of CD3+, CD3+CD8+ and CD3+CD8− 
T cells and in the expression of W6/32+ and HC-10+ HLA-I conformers, electronic regions were 
created around CD3+, CD3+CD8+ and CD3+CD8− T cells and the mean fluorescence intensity (MFI) 
values of the two HLA-I forms determined. MFI values of cells that did not divide were used to 
normalize the MFI values of the dividing cells as follows: (MFI dividing cells / MFI non-dividing 
cells) x 100. 

Statistical Analysis 

For flow cytometry data, statistical analysis was performed using the software Graph Pad Prism 
8 [GraphPad software Inc., USA]. Continuous variables were expressed as the Mean ± Standard Error 
of the Mean (SEM). Differences between means of two continuous variables were analyzed using the 
Student’s T-test. All data were checked for normality. Statistical significance was defined as p<0.05. 
Normalization of HC-10 and W6/32 MFI values were performed comparing the values obtained in 
total dividing and most dividing T cells with non-dividing T cells. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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