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Reducing or preventing allograft rejection is a critical issue in organ 

transplantation, and the need for immune modulation rather than immune 

suppression has been emphasized. Many studies have reported combinatorial 

therapies of thalidomide (TM) and dexamethasone (DX) can be used clinically 

for immune-related diseases, such as multiple myeloma and lupus nephritis, but 

the mechanism responsible for its effects has not been elucidated. In this study, 

we suggest that TM and DX combinatorial treatment induces an enhanced 

immunomodulatory effects on T cells through regulating expression of co-

stimulatory and co-inhibitory molecules. 

Splenic naïve T cells from C57BL/6 mice were sort-purified and cultured for 

CD4+T cell proliferation and regulatory T cell (Treg) conversion in the presence 

of TM and/or DX. Following incubation with the drugs, cells were collected and 
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population changes in each T lymphocyte subset were examined. The 

expression of OX40, 4-1BB, glucocorticoid-induced tumour necrosis factor 

receptor-related protein (GITR), cytotoxic T-lymphocyte–associated antigen 4 

(CTLA-4), and programmed death 1 (PD-1) in proliferated and converted T 

cells was also quantified by flow cytometry.  

In vivo Splenic T lymphocyte subsets in normal C57BL/6 mice treated with 

TM and/or DX administration were also examined. Moreover, the expression of 

CTLA-4 and PD-1 on splenic CD4+ T cells and the expression of respective 

ligands on splenic dendritic cells (DCs) isolated from TM- and/or DX-treated 

mice were observed and quantified by flow cytometry. 

TM (1 or 10 µM) decreased CD4+T cell proliferation in a dose-dependent 

manner, while TM/DX (1 or 10 µM/0.1 or 1 nM, respectively) combinatorial 

treatment further decreased proliferation. Treg populations were preserved 

following drug treatment. Furthermore, the expression of co-stimulatory 

molecules decreased upon TM/DX combinatorial treatment in effector T cells 

(Teffs) and was preserved in Tregs. Splenic CD4+T cells isolated from TM- and 

DX-treated mice exhibited the same patterns of Teff and Treg populations as 

observed in vitro. 

The expression of CTLA-4, a co-inhibitory molecule, on Tregs significantly 

increased in vitro, as did that of CTLA-4 on Tregs and effector T cells in vivo with 

TM/DX combinatorial treatment. Corresponding to increased CTLA-4 expression 

in T cells, the expression of CD80 and CD86 (ligands for CTLA-4) significantly 
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increased in splenic DCs in TM/DX-treated groups. Moreover, changes in 

tolerogenic properties of DCs were also observed upon TM/DX administration.  

Considering the selective effects of TM/DX combinatorial treatment on 

different T cell subsets, TM/DX combinatorial treatment possesses systemic 

immunomodulatory effects in regulating the expression of co-stimulatory and/or 

co-inhibitory molecules in CD4+T cells and DCs. In conclusion, we suggest that 

TM/DX combinatorial treatments are efficient immunomodulatory methods that 

exhibit promising capacity for maintaining a tolerogenic state or immune 

homeostasis. 
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I. INTRODUCTION 

 

Reducing allograft rejection is a critical issue in organ transplantation, and the use 

of immunosuppressants is almost inevitable for patients with autoimmune diseases or 

those undergoing transplantation. However, most immunosuppressants in clinical use 

deplete lymphocytes, divert lymphocyte traffic, or block lymphocyte response 

pathways, resulting in diverse side effects that pose serious risks for infection1-3. 

Some immunosuppressants regulate proportion of lymphocyte subsets, but still 

critically diminish total population of immune cells. Recognising the need for 

immune modulation instead of immune suppression, many current studies have 

focused on developing new methods or drugs that enable immunomodulation4,5.  
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Thalidomide (TM) was first prescribed as a sedative but quickly withdrawn due to 

teratogenic effects; however, as recent studies revealed its anti-angiogenic and anti-

inflammatory effects, TM has regained attention in the fields of cancer and 

autoimmune diseases6,7. TM has been known to possess an immunosuppressive 

function, which may be useful following transplantation as a potent 

immunosuppressant8-11. Recent studies have revealed that TM not only suppresses, but 

modulates the immune response by regulating key immune-modulatory molecules, 

including nuclear factor-κB (NF-κB) and pro-inflammatory cytokines such as tumour 

necrosis factor (TNF)-α, interferon-γ (IFN-γ), interleukin (IL)-6, IL-10, IL-12, and 

cyclooxygenase 2 (COX-2)7,12-16. The previous study in my research group further 

substantiated the immunomodulatory effects of TM, demonstrating that TM 

selectively suppresses effector T cells (Teffs) among total CD4+T cells7,17. 

Glucocorticoid (GC), is also an effective immunosuppressant that inhibits 

inflammation and reduces inflammatory cytokine production and therefore it is 

clinically used to treat immunological diseases and to maintain post-transplantation 

homeostasis18-20. The severe side effects of GCs, such as impairment of several 

anabolic processes, have limited its clinical use21-23, but administration of small doses 

of GC as a complementary agent could enhance its immunosuppressive properties. 

This method has been proved successful in the treatment of cancer, such as multiple 

myeloma, when GC is combined with TM24-26. TM and GC combinatorial treatment 

may also be a promising approach for both treatment of immune-related diseases, 

such as lupus nephritis, and post-transplant immunomodulation14,24-27. Despites of 
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these reports, however, the mechanisms underlying the effects of TM and GC 

combinatorial treatments remain to be elucidated.  

 

T cells take up to 65% of whole leukocytes in healthy adults, and the action of GC 

is known to be associated with the TNF and TNF receptor superfamily 

(TNFSF/TNFRSF). Therefore, analysis of the effect of TM and GC combinatorial 

treatment on T cells in relation to TNFRSF may lead to an understanding of their 

combinatorial activity as an immune modulator. TNFSF and TNFRSF interactions 

play critical roles in regulating both pro-inflammatory and anti-inflammatory 

responses in autoimmune diseases28,29. Their interactions transmit co-stimulatory 

signals and regulate a broad range of immune activities by triggering, suppressing, or 

activating immune cell functions7,30-32. GC-induced TNFR-related protein (GITR), 

OX40, and 4-1BB are well-known members of TNFRSF that T cells express on their 

surfaces to receive co-stimulatory signals, and therefore in this study, we observed 

changes in the expression of these molecules upon TM/DX combinatorial treatments.  

In addition to examining how TM and GC combinatorial treatments regulate co-

stimulatory signalling, how these combinatorial treatments affect co-inhibitory signals 

was also necessary to study. Cell-surface molecules that can transduce signals into T 

cells to negatively modulate T cell receptor signalling are considered to be co-

inhibitory molecules33, and well-known co-inhibitory regulators of T cell function 

examined in this study are cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) 

and programmed death 1 (PD-1). 
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In this study, we determined the effect of TM and dexamethasone (DX), a synthetic 

GC, combinatorial treatment on the proliferation of CD4+T cells and the conversion of 

naïve T cells (Tnaïves) to CD4+ forkhead box P3 (FOXP3)+T cells, or regulatory T 

cells (Tregs). We also observed in vitro changes in the expression of co-stimulatory 

molecules of TNFRSF and co-inhibitory molecules, primarily focusing on GITR, 

OX40, 4-1BB, PD-1, and CTLA-4. We also investigated the enhanced systemic 

immunomodulation that results from the tolerogenic change in dendritic cells (DCs) 

upon TM/DX combinatorial treatment.  
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II. MATERIALS AND METHODS 

 

1. Mice and reagents 

Seven-week-old male C57BL/6 mice were purchased from Orient Bio Inc. 

(Seongnam, Korea) and maintained according to national and institutional ethical 

guidelines. The in vivo experimental research proposal was approved by the 

Committee on Animal Investigation of Yonsei University, and in vivo experiments 

were performed in accordance with the Laboratory Animals Manual and the 

Laboratory Animal Care and Use Committee, edited by the National Research 

Council of the National Animal Society.  

Anti-mouse CD3, anti-mouse CD28, phycoerythrin (PE)-cyanine (Cy)7-conjugated 

anti-mouse CD8, peridinin chlorophyll protein (PerCP)-Cy5.5-conjugated anti–mouse 

CD11c, PerCP-Cy5.5-conjugated anti-mouse CD19, fluorescein isothiocyanate 

(FITC)-conjugated anti-mouse CD44, PerCP-Cy5.5-conjugated anti-mouse CD62 

ligand (CD62L), PE-conjugated anti-mouse CD85k, FITC-conjugated anti-mouse 

FOXP3, PE-Cy7-conjugated anti-mouse OX40 (CD134), allophycocyanin (APC)-

conjugated anti-mouse 4-1BB (CD137), PE-conjugated anti-mouse CTLA-4, APC-

conjugated anti-mouse PD-1, PE-Cy7-conjugated anti-mouse IFN-γ antibodies, and 

the Fixation/Permeabilization kit were purchased from eBioscience (San Diego, CA, 

USA). APC-Cy7-conjugated anti-mouse CD4, FITC-conjugated anti-mouse CD80, 

PE-Cy7-conjugated anti-mouse CD86, PerCP-Cy5.5-conjugated anti-mouse GITR 

(CD357), APC-conjugated anti-mouse PD-L1, PerCP-Cy5.5-conjugated anti-mouse 

IL-2, and APC-conjugated anti-mouse TNF-α antibodies were purchased from 



- 9 - 

Biolegend (San Diego, CA, USA). Recombinant murine interleukin (IL)-2 and 

transforming growth factor (TGF)-β1 were purchased from PeproTech (London, UK). 

Carboxyfluorescein diacetate succinimidyl ester (CFSE; CellTrace™) and 

LIVE/DEAD™ Fixable near-infrared (IR) Dead Cell Stain Kit were obtained from 

Invitrogen (Carlsbad, CA, USA). 70 μm cell strainers and leukocyte Activation 

Cocktail, with BD GolgiPlug™ was purchased from BD Biosciences (Franklin Lakes, 

NJ, USA). TM, DX, and red blood cell (RBC) lysis buffer were purchased from 

Sigma-Aldrich (St Louis, MO, USA). 

 

2. Isolation of naïve T cells (Tnaïves) 

Spleens separated from eight-week-old male C57BL/6 mice were homogenized 

through a 70 μm cell strainer (BD Biosciences) and incubated in RBC lysis buffer for 

5 minutes to obtain a high-purity preparation. Isolated splenocytes were stained with 

APC-Cy7-conjugated anti-mouse CD4, FITC-conjugated anti-mouse CD44, and 

PerCP-Cy5.5-conjugated anti-mouse CD62L antibodies, and the Tnaïve cells were 

sorted by gating on CD4+, CD44lo, and CD62Lhi using a fluorescence-activated cell 

sorting (FACS) Aria III Cell Sorter (BD Biosciences). 

 

3. Cell culture 

Approximately 1.5 × 105 Tnaïves were plated on 96-well plates containing TM (0, 1, 

or 10 μM), DX (0, 0.1, or 1 nM), or combinations of TM/DX and incubated for 72 

hours under standard culture conditions (37°C, 5% CO2).  
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In order to induce Teff proliferation, Tnaïves were stimulated throughout the culture 

period with anti-mouse CD3 (5 µg/mL) and anti-mouse CD28 (2 µg/mL) antibodies, 

which were added to Roswell Park Memorial Institute (RPMI) 1,640 medium 

containing 10% foetal bovine serum, 100 U/mL penicillin and 100 μg/mL 

streptomycin (Invitrogen), and 200 mM L-glutamine and 50 mM β-mercaptoethanol 

(Sigma-Aldrich). Prior to plating, Tnaïves were stained with CFSE (Invitrogen) to 

determine proliferation levels according to the manufacturer’s instruction.  

In order to convert Tnaïves to Tregs, Tnaïves were cultured with anti-mouse CD3 (5 

µg/mL), anti-mouse CD28 (2 µg/mL) antibodies, IL-2 (10 ng/ml), and TGF-β1 (50 

ng/ml) under the same conditions in complete RPMI medium as for the Teff 

proliferation protocol. 

 

4. Suppression assay 

The function of Tregs converted from Tnaïves was determined in the presence or 

absence of DX or TM/DX. Tregs were isolated by trypsinisation and analysed by 

FACS to quantify conversion yields. Cells were then transferred to new wells 

containing sort-purified Tnaïves labelled with CFSE, and then incubated in media 

containing anti-mouse CD3 and anti-mouse CD28 under normal culture conditions for 

72 hours. Tregs and Tnaïves were plated at a 1:1 (1 × 105 cells/well), a 2:1 (1 × 105 

cells/well and 5 × 104 cells/well, respectively), and a 4:1 (1 × 105 cells/well and 2.5 × 

104 cells/well, respectively) Tnaïve:Treg ratio. Treg function was determined by 

measuring CFSE intensity, which indicated the division number during Teff 
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proliferation. 

 

5. In vivo TM and DX treatment 

To build upon our in vitro results and to elucidate the effect of TM/DX treatments on 

the systemic immune system, changes in the expression of immune molecules on 

splenic lymphocytes and DCs were examined in vivo using normal C57BL/6 mice 

treated with TM, DX, or TM/DX combinations. The experimental groups received 

chow containing either TM, DX, or TM/DX for one week. The control mice received 

regular chow for the same time period. TM and DX were administered at 10 or 1.5 

mg/kg body weight per day, respectively, in all three groups. Doses were determined 

based on the results of our previous study7,14,17.  

 

6. Flow cytometry 

Cultured T cells from in vitro experiments were collected and incubated with the 

appropriately diluted antibodies for 40 minutes at 4°C. In order to detect the changes 

in the expression of co-stimulatory and co-inhibitory molecules upon drug treatment, 

surface molecules were stained with PE-Cy7-conjugated anti-mouse OX40, APC-

conjugated anti-mouse 4-1BB, and PerCP-Cy5.5-conjugated anti-mouse GITR, PE-

conjugated anti–mouse CTLA-4, and APC-conjugated anti–mouse PD-1 antibodies. 

Cells cultured for Teff proliferation were pre-stained with CFSE to determine 

proliferation levels, and cells cultured for Treg differentiation were fixed and 

permeabilized using a fixation/permeabilization kit (eBioscience) and then stained 
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intracellularly with FITC-conjugated anti–mouse FOXP3 antibody.  

Homogenized splenocytes from in vivo experiments were also incubated with 

appropriate diluted antibodies for 40 minutes at 4°C. Both splenic CD4+ Teffs and 

Tregs were stained with the CTLA-4 and PD-1 antibodies, but splenic CD4+ Teffs 

were stained with APC-Cy7-conjugated anti-mouse CD4 and FITC-conjugated anti-

mouse CD44, whereas splenic CD4+ Tregs were fixed/permeabilized after staining 

with CD4 antibody for intracellular FOXP3 staining. In order to examine the effects 

of the drug treatments on the functional properties of immune cells, splenic CD8+ T 

cells were stained with PE-Cy7-conjugated anti-mouse CD8, B cells were stained 

with PerCP-Cy5.5-conjugated anti-mouse CD19, and splenic DCs were stained with 

PerCP-Cy5.5-conjugated anti-mouse CD11c, FITC-conjugated anti-mouse CD80, PE-

conjugated anti-mouse CD85k, PE-Cy7-conjugated anti-mouse CD86, and APC-

conjugated anti-mouse PD-L1 antibodies. Fixation/permeabilization and staining 

steps were performed according to the manufacturer’s instructions. 

In order to examine the effect of drug toxicity on the survival of Teff and Treg cells, 

different sets of T cell samples that were plated with either TM, DX, or TM/DX in 

appropriate media for both Teff proliferation and Treg conversion were stained using 

LIVE/DEAD™ Fixable near-IR Dead Cell Stain Kit (Invitrogen). To allow for clear 

detection of intracellular accumulations of cytokines in Teffs, cells were stimulated 

with Leukocyte Activation Cocktail, with BD GolgiPlug™ (BD Biosciences). Dead 

cell staining and leukocyte activation were performed according to the manufacturers’ 

instructions. The cells were then fixed and permeabilised, and intracellularly stained 
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with PercP-Cy5.5-conjugated anti-mouse IL-2, APC-conjugated anti-mouse TNF-α, 

and PE-Cy7-conjugated anti-mouse IFN-γ antibodies to determine the changes in 

Teffs’ ability to produce effector cytokines. 

Flow cytometry was performed using an LSR II, FACS Verse I, or FACS Verse II 

flow cytometer (BD Biosciences). Data were analysed using FlowJo software, v10.0.7 

(Tree Star, Inc., San Carlos, CA, USA). Expression of FOXP3 on Tregs and 

expression of the co-stimulatory and co-inhibitory molecules and functional markers 

were determined by relative median fluorescent intensity (MFI).  

 

7. Statistical analysis 

The significance of intergroup differences was determined using the Student’s t-test 

or one-way analysis of variance. Statistical analyses were conducted using Sigma plot 

2.0, and p values <0.05 were considered statistically significant. 
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III. RESULTS 

 

1. Proliferation and conversion of CD4+ naïve T cells 

Treatment with TM (1 or 10 μM) suppressed Teff proliferation (not statistically 

significant), and TM/DX combinatorial treatments (TM 1 μM + DX 0.1 nM, TM 10 

μM + DX 0.1 nM, TM 1 μM + DX 1 nM, and TM 10 μM + DX 1 nM) further 

suppressed Teff proliferation in a dose-dependent manner (Fig. 1).  

Treg population was slightly increased by TM alone treatments and significantly 

decreased by DX alone treatments. Interestingly, the impaired Treg conversion rate 

induced by DX was significantly improved upon TM/DX treatments, but only as 

much as that in the control group (Fig. 2A and 2B). Because the function of Tregs is 

dependent on their expression of FOXP334, the quality of each Treg was evaluated by 

comparing MFI of FOXP3. The FOXP3 expression of Tregs was impaired by DX, but 

unchanged upon TM/DX combinatorial treatments (Fig. 2C). Both Tregs’ conversion 

rate and their quality were preserved in TM/DX combinatorial treatments. 
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Figure 1. Proliferation of CD4+T cells induced by thalidomide (TM), dexamethasone 

(DX), or TM/DX combinatorial treatment. Naïve T cells (Tnaïves), which were 

labelled with CFSE, were incubated with anti-CD3 and anti-CD28 antibodies for 72 

hours, and analysed by flow cytometry. TM/DX combinatorial treatment down-

regulated the proliferation of CD4+T cells from Tnaïves more than DX alone. A) 

Histogram plots of CFSE intensities. B) Ratios of CD4+CFSEloT cells. The numbers 

on the histogram indicate percentages of proliferating cells among total T cells. The 

results shown are representative plots selected from five independent experiments 

(Percent of non-treated controls, N=5). *p<0.05, **p<0.01, and ***p<0.001, 

compared to non-treated controls; ##p<0.01 and ###p<0.001 compared to 0.1 nM DX 

treatment; and †††p<0.001 compared to 1 nM DX treatment.   
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Figure 2. Differentiation of CD4+T cells to CD4+FOXP3+T cells induced by 

thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial treatment. Naïve T 

cells were incubated with anti-CD3 and anti-CD28 antibodies, TGF-β, and IL-2 for 72 
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hours, and analysed by flow cytometry. A) Dot plots showing Treg analysis by flow 

cytometry. B) Ratios of CD4+FOXP3+T cells. C) Ratios of MFI of FOXP3 expression. 

TM/DX combinatorial treatment increased the differentiation of CD4+FOXP3+T cells 

from Tnaïves more than DX-only treatment (Percent of non-treated controls, N=5). 

*p<0.05, **p<0.01, and ***p<0.001 compared to non-treated controls; ##p<0.01 

compared to 0.1 nM DX treatment; and ††p<0.01 compared to 1 nM DX treatment.    
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2. Cytotoxicity analysis 

Since Teffs proliferation was reduced while Tregs conversion was unaffected, it 

was critical to further evaluate the effect of drug toxicity on the survival of T cells. 

Results demonstrated that all T cells plated with each treatment showed no toxicity 

regardless of the degree of proliferation or conversion (Fig. 3). 
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Figure 3. Live/Dead analysis results of CD4+T cells from Teff proliferation assay and 

Treg conversion assay. Quantification of % live CD4+ T cells cultured for A) Teff 

proliferation assay and B) Treg conversion assay treated with thalidomide (TM), 

dexamethasone (DX), or TM/DX. Cells were stained with LIVE/DEAD™ Fixable 

near-IR Dead Cell Stain Kit and analysis was performed using flow cytometry.  
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3. Changes in functional properties of CD4+ Teffs and Tregs 

While drug treatments were found to reduce the proliferation of Teffs, the cells’ 

ability to produce effector cytokines such as IFN-γ, IL-2, and TNF-α was examined in 

order to reveal whether treatments compromised their functionality as well. Secretion 

of IFN-γ, IL-2, and TNF-α was also decreased upon drug treatments, although the 

change was less remarkable than that observed in the proliferation of Teffs (Fig. 4). 

Furthermore, the suppressive function of Tregs on Teffs was slightly impaired by 

TM or DX treatment; however, this effect was significantly restored after TM/DX 

combinatorial treatment. As seen in Figure 5, at a Teffs:Tregs ratio of 4:1, with 

TM/DX combinatorial treatment (1 μM and 0.1 nM, respectively), the suppressive 

function of Tregs recovered nearly to the level of the control groups. 

These findings indicate that the function of Teffs and Tregs was maintained and 

only the population of each cell type was affected differently by the TM/DX 

combinatorial treatments. 
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Figure 4. Changes in cytokines production of effector T cells upon thalidomide (TM), 

dexamethasone (DX), or TM/DX combinatorial treatment. Naïve T cells (Tnaïves), 
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which were labelled with CFSE, were incubated with anti-CD3 and anti-CD28 

antibodies for 72 hours, and then stimulated with Leukocyte Activation Cocktail, with 

BD GolgiPlug™ for 5 hours. Cells were then fixed and permeabilised, and 

intracellularly stained with PercP-Cy5.5-conjugated IL-2, APC-conjugated TNF-α, 

and PE-Cy7-conjugated IFN-γ for flow cytometry analysis. A) IFN-γ, B) IL-2, C) 

TNF-α, D) Histogram plots showing changes in production of each cytokine upon 

drug treatments. *p<0.05 and **p<0.01 compared to non-treated controls; #p<0.05 

compared to 0.1 nM DX treatment; and ††p<0.01 and †††p<0.001 compared to 1 nM 

DX treatment.   
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Figure 5. Histogram plots of CFSE intensity indicating suppressive function of Tregs 

on Teffs. Tregs stimulated by thalidomide (TM)/dexamethasone (DX) showed more 

potent suppressive effects than DX-only treatment. The numbers on the histogram 

indicate percentages of proliferating cells among total T cells. The results shown are 

representative plots selected from 5 independent experiments.  
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4. Expression of OX40, 4-1BB, and GITR on CD4+ Teffs and Tregs in vitro 

During Teff proliferation, DX treatments (0.1 nM and 1 nM) reduced surface 

expression of OX40 and 4-1BB in a dose-dependent manner, and TM/DX 

combinatorial treatments further significantly decreased OX40 and 4-1BB expression 

in a dose-dependent manner. For GITR expression, only the higher dose of TM/DX 

combinatorial treatment decreased the GITR expression on Teffs (Fig. 6).  

In converted CD4+FOXP3+T cells, TM/DX combinatorial treatments slightly down-

regulated OX40, 4-1BB, and GITR expression compared to the control groups, and 

overall, the changes were remained relatively constant compared to the changes in 

Teffs (Fig. 7). 
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Figure 6. TNFRSF expression on Teffs induced by thalidomide (TM), dexamethasone 

(DX), or TM/DX combinatorial treatment. A) OX40 (CD134; TNFSF4), B) 4-1BB 
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(CD137; TNFSF9), C) GITR (CD357; TNFSF18). D) Histogram plots showing 

changes in expression of each molecule upon drug treatment. These changes were 

analysed on gated CD4+CFSEloT cells, which were viewed as Teffs by FACS analysis 

using relative MFI (Percent of non-treated controls, N=5). *p<0.05, **p<0.01, and 

***p<0.001 compared to non-treated controls; #p<0.05 compared to 0.1 nM DX 

treatment; and †p<0.05 and ††p<0.01 compared to 1 nM DX treatment. 
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Figure 7. TNFRSF expression on differentiated CD4+FOXP3+T cells (Tregs) induced 

by thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial treatment. A) 
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OX40 (CD134; TNFSF4), B) 4-1BB (CD137; TNFSF9), C) GITR (CD357; 

TNFSF18). D) Histogram plots showing changes in expression levels of each 

molecule upon drug treatment. Changes in protein expression were analysed by FACS 

using relative MFI (Percent of non-treated controls, N=5). *p<0.05 and **p<0.01 

compared to non-treated controls; #p<0.05 and ##p<0.01 compared to 0.1 nM DX 

treatment; and ††p<0.01 and †††p<0.001 compared to 1 nM DX treatment. 
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5. Expression of PD-1 and CTLA-4 on CD4+ Teffs and Tregs in vitro 

The expression of PD-1 and CTLA-4 on proliferated Teffs did not change 

significantly upon treatment with either TM, DX (0.1 or 1 nM), or TM/DX 

combinations (Fig. 8). The expression of PD-1 on differentiated Tregs also did not 

change significantly with the combinatorial treatments; however, CTLA-4 expression 

on Tregs increased significantly with the combinatorial treatments in a TM dose 

dependent manner (Fig. 9A and 9B). The histogram shown in Figure 9C indicates a 

significant right-ward shift with increasing TM dose in the combinatorial treatments.  
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Figure 8. Expression of co-inhibitory molecules on proliferated CD4+ T cells induced 

by thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial treatment. 
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Naïve T cells (Tnaïves) labelled with CFSE were incubated with anti-CD3 and anti-

CD28 antibodies for 72 hours for proliferation. Proliferated CD4+ T cells were 

collected, stained with fluorescence-conjugated anti-PD-1 and anti-CTLA-4 

antibodies, and analysed by flow cytometry. Expression of A) PD-1 (CD279) and B) 

CTLA-4 (CD152). These changes were analysed by FACS gated on CD4+ CFSElo T 

cells, which were viewed as Teffs by FACS analysis using relative MFI (Percent of 

non-treated controls, n=5). 
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Figure 9. Expression of co-inhibitory molecules on differentiated CD4+ FOXP3+ T 

cells induced by thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial 

treatment. Tnaïves were incubated with anti-CD3 and anti-CD28 antibodies, TGF-β, 

and IL-2 for 72 hours for differentiation. Differentiated CD4+ FOXP3+ T cells were 

collected, stained with fluorescence-conjugated anti-PD-1 and anti-CTLA-4 

antibodies, and analysed by flow cytometry. Expression of A) PD-1 (CD279) and B) 

CTLA-4 (CD152). C) Histogram showing changes in expression levels of CTLA-4 

upon drug treatment. Changes in protein expression were analysed by FACS using 

relative MFI (Percent of non-treated controls, n=5). *p<0.05 and **p<0.01 compared 

to non-treated controls; #p<0.05 and ##p<0.01 compared to 0.1 nM DX treatment; and 

†p<0.05 and ††p<0.01 compared to 1 nM DX treatment.   
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6. T cell subset changes in vivo  

T lymphocytes were isolated from mice that were fed TM or/and DX containing 

chow and stained with anti-CD4 and anti-CD44 antibodies to label Teffs or with anti-

CD4 and anti-FOXP3 antibodies to label Tregs. Body weights vary between control 

and experimental groups, but there is no statistical significance (Fig. 10A). TM/DX 

treatment significantly down-regulated the population of Teffs (CD4+CD44hiT cells), 

whereas TM-only treatment had no effect (Fig. 10B and 10D). TM/DX combinatorial 

treatment appears to preserve the population of Tregs (CD4+FOXP3+ T cells), whereas 

neither TM alone nor DX alone had any effect on Treg populations (Fig. 10C and 

10D).  

In order to represent how significantly the drug treatments influenced Teffs and 

Tregs differently, the ratio of CD4+FOXP3+ to CD4+CD44hiT cells were analyzed (Fig. 

10E). 
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Figure 10. In vivo testing of the effect of thalidomide (TM), dexamethasone (DX), or 

TM/DX combinatorial treatment in C57BL/6 mice. Mice were provided chow 

containing TM (10 mg/kg), DX (1.5 mg/kg), or TM and DX (10 and 1.5 mg/kg, 

respectively) daily for 7 days. A) Body weight. The body weights of the mice in the 

TM group were increased by more than 12% compared to those in the DX or TM/DX 

combinatorial treatment group, and even higher than those in the non-treated control 

group (CTL) (N=6, p<0.01). B) Ratios of CD4+CD44hi and C) CD4+FOXP3+T cells to 

total splenocytes. CD4+CD44hiT cells (Teffs) were more down-regulated by TM/DX 

combinatorial treatment than by TM or DX alone. CD4+FOXP3+T cells (Tregs) were 

preserved by TM/DX combinatorial treatment. D) Dot plots of the control, TM alone, 

DX alone, and TM/DX combinatorial treatment groups analysed by flow cytometry. 

The plots show APC-Cy7-conjugated anti-CD4 antibody and Pacific blue-conjugated 
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anti-CD44 antibody, or APC-Cy7-conjugated anti-CD4 antibody and FITC-

conjugated anti-FOXP3 antibody. The results shown are representative plots selected 

from six independent experiments (Percent of non-treated controls, N=6). E) Ratio of 

CD4+FOXP3+ to CD4+CD44hiT cells. The graph indicates that in vivo CD4+T cell 

population changes upon the drug treatment subset-specifically. *p<0.05, **p<0.01, 

and ***p<0.001 compared to non-treated controls; #p<0.05 and ##p<0.01 compared 

to DX-treated groups.   
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7. Expression of PD-1 and CTLA-4 on CD4+ Teffs and Tregs in vivo 

PD-1 expression on splenic Teffs increased with TM treatment and decreased with 

DX treatment, but combinatorial administration of TM and DX had no effect on PD-1 

expression on Teffs (Fig. 11A). In contrast to in vitro Teff results in which no change 

was observed, the expression of CTLA-4 on splenic Teffs increased significantly with 

TM/DX combinatorial treatment (Fig. 11B). In vivo expression of PD-1 on Tregs 

differed from its expression in vitro in that expression on splenic Tregs exhibited 

significant changes in the TM, DX, and TM/DX treatment groups (Fig. 12A). 

Expression of CTLA-4 on splenic Tregs increased significantly with TM/DX 

combinatorial treatment, consistent with the in vitro analysis (Fig. 12B).  
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Figure 11. In vivo expression of co-inhibitory molecules on effector T cells induced 

by thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial treatment. 

Mice were provided chow containing TM (10 mg/kg), DX (1.5 mg/kg), or TM and 
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DX (10 and 1.5 mg/kg, respectively) daily for 7 days. The spleen was isolated, 

homogenized into splenocytes, and stained with appropriate antibodies for flow 

cytometry analysis. A) PD-1 expression on effector T cells. B) CTLA-4 expression by 

effector T cells. Changes in protein expression were analysed by FACS using relative 

MFI (Percent of non-treated controls, n=6). *p<0.05, **p<0.01, and ***p<0.001 

compared to non-treated controls. 
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Figure 12. In vivo expression of co-inhibitory molecules on regulatory T cells 

induced by thalidomide (TM), dexamethasone (DX), or TM/DX combinatorial 
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treatment. Mice were provided chow containing TM (10 mg/kg), DX (1.5 mg/kg), or 

TM and DX (10 and 1.5 mg/kg, respectively) daily for 7 days. The spleen was 

isolated, homogenized into splenocytes, and stained with appropriate antibodies for 

flow cytometry analysis. A) PD-1 expression by regulatory T cells. B) CTLA-4 

expression by regulatory T cells. Changes in protein expression were analysed by 

FACS using relative MFI (Percent of non-treated controls, n=6). *p<0.05, **p<0.01, 

and ***p<0.001 compared to non-treated controls. 
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8. Functional properties of splenocytes 

To obtain a better understanding of the discrepancies between in vivo and in vitro 

molecular expression of co-inhibitory molecules on Teffs and Tregs, the effects of TM, 

DX, and TM/DX combinatorial treatments on other immune cells were examined in 

vivo. The population of splenic CD8+ T cells increased significantly in the DX and 

TM/DX groups, but the combinatorial effects were attributed to only to DX (Fig. 

13A). In contrast to CD8+ T cells, the splenic CD19+ B-cell population decreased 

significantly in the DX and TM/DX combinatorial groups (Fig. 13B). The population 

of splenic CD11c+ DCs increased significantly upon DX and TM/DX combinatorial 

administration (Fig. 13C). 

In addition to cell population expansion, the functional properties of each type of 

immune cell were examined, and the results are presented as the MFI of cell-specific 

molecular markers. CD8 expression on splenic CD8+ T cells increased in both the DX 

and TM/DX combinatorial treatment groups. Although the population of splenic CD8+ 

T cells decreased with the combinatorial treatments in comparison to DX treatment, 

CD8 expression increased slightly in the TM/DX treatment group (Fig. 13E). 

Consistent with the B-cell population results, CD19 expression on splenic B cells 

decreased significantly with DX and TM/DX treatment (Fig. 13F). Interestingly, the 

expression of CD11c on splenic DCs did not change with TM treatment but increased 

with DX treatment; compared to the control group, the expression of CD11c increased 

significantly (~3-fold) with TM/DX combinatorial treatment. These results suggest 
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that not only splenic DC populations but also their functional properties are enhanced 

in a synergistic manner with TM/DX combinatorial treatment (Fig. 13G).  
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Figure 13. Changes in splenic immune cells upon thalidomide (TM), dexamethasone 

(DX), or TM/DX combinatorial treatment. In order to characterise systemic effects on 

co-inhibitory molecules in effector T cells and regulatory T cells in vivo, the effects of 
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TM, DX, and TM/DX treatments on CD8+ T cells, CD19+ B cells, and CD11c+ DCs 

were examined. A) Ratio of CD4− CD8+ T cells. B) Ratio of CD4− CD19+ B cells. C) 

Ratio of CD4− CD11c+ DCs. D) Contour plots representing population changes in 

CD8+ T cells, CD19+ B cells, and CD11c+ DCs by flow cytometry analysis. The 

results shown are representative plots selected from independent experiments. 

Expression of E) CD8 on CD4-CD8+ T cells, F) CD19 on CD4-CD19+ B cells, and G) 

CD11c on CD4-CD11c+ DCs analysed by FACS using relative MFI (Percent of non-

treated controls, n=6). *p<0.05, **p<0.01, and ***p<0.001 compared to non-treated 

controls, and ##p<0.01 and ###p<0.001 compared to DX-treated group. 
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9. Changes in splenic DC characteristics 

Changes in the functional properties of splenic DCs, which are one of the most-

efficient types of antigen-presenting cells, might best systemically explain the 

observed changes in splenic T lymphocytes upon TM/DX combinatorial treatment. In 

addition, changes in the molecular expression of functional markers of DC better 

reflected the effects of TM/DX combinatorial treatment compared with the other 

immune cell types, including CD8+ T cells and B cells. Therefore, splenic DCs were 

examined in greater detail in order to systemically elucidate how drug administration 

affects the DC-associated immune response. The expression of PD-L1, a ligand for 

PD-1, significantly decreased in splenic DCs in the DX and TM/DX combinatorial 

treatment groups (Fig. 14A). However, the expression of CD80 and CD86, which are 

two ligands for CTLA-4, significantly increased in splenic DCs in the DX and 

TM/DX combinatorial treatment groups (Fig. 14B and 14C).  

To determine whether the characteristics of the DCs changed in response to the 

various treatments, expression of the tolerogenic DC marker CD85k was examined. 

Upon treatment with DX or TM/DX combinations, CD85k expression significantly 

increased compared to the control group (Fig. 14D). 
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Figure 14. Changes in DC characteristics. Expression of co-inhibitory and functional 

molecules by splenic DCs was examined. Expression of A) PD-L1, B) CD80, C) 

CD86, and D) CD85k analysed by FACS using relative MFI (Percent of non-treated 

controls, n=6). *p<0.05, **p<0.01, and ***p<0.001 compared to non-treated controls, 

and #p<0.05 and ##p<0.01 compared to DX-treated group.  
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IV. DISCUSSION 

 

Immunosuppressants are commonly used in transplant patients to prevent or reduce 

allograft rejection. However, most immunosuppressants currently in clinical use can 

cause serious side effects, and thus it is important to develop and introduce 

immunomodulators that function differently than current immunosuppressants. Many 

studies have reported new methods for immunomodulation that involve regulating a 

patient’s immune system without simply depleting immune cells, and in the present 

study, the results suggest that the use of TM and DX combinatorial treatments 

represents a promising new immunomodulatory approach.  

Following its withdrawal from the market as a sedative, TM has been found to be 

an effective anti-inflammatory drug for patients with leprosy and many other 

autoimmune diseases, such as multiple myeloma, systemic lupus erythematous, and 

rheumatoid arthritis6,7,14,16,35. It has been reported TM might play an 

immunomodulatory role, but isolated use of TM was not sufficiently potent to 

effectively suppress the proliferation of T cells7. Based on the encouraging results 

from our previous study obtained with TM plus prednisolone treatment in a lupus 

nephritis mice model14, we hypothesised that TM and GC combinatorial treatment 

may generate enhanced effects on regulating each T cell subset. We chose DX as a 

GC, and the dose of 0.1 and 1 nM was based on previous studies36,37. 

 

Based on the results, isolated TM treatment could alter CD4+T cell subset 

populations by down-regulating Teffs while preserving Tregs, but these effects were 
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further enhanced in TM/DX combinatorial groups, both in vitro and in vivo. As seen 

in the in vitro data, Teff proliferation following 1 and 10 μM TM treatment show only 

subtle decreases, but following TM/DX combinatorial treatment, Teff proliferation 

was significantly inhibited. The inhibitory effect of TM/DX combinatorial treatment 

on Teff subsets increased in a dose-dependent manner (Fig. 1). Meanwhile, Treg 

conversion rates in the TM/DX combinatorial treatment groups were similar to those 

in the control and the TM-only groups (Fig. 2A and 2B). When compared to the 

control group, MFI of FOXP3 expression on Tregs did not show any significant 

changes by TM/DX (Fig. 2C), indicating that the quality of each Treg was also 

preserved. The in vivo data showed similar results of reduced Teff proliferation. In our 

experimental setting, it was not clear whether the Treg population observed in vivo 

were the pre-existing Tregs or the Tregs converted due to drug treatment, but there is 

a slight increase in Treg conversion upon TM/DX combinatorial treatment (Fig. 10B 

and 10C). The ratio of Tregs to Teffs shown in Figure 10E well represents that 

significant subset-specific changes were clearly observed upon the TM/DX 

combinatorial treatment. 

Teffs are key participants in executing immune functions; however, their pathogen 

clearance and anti-tumour abilities can cause tissue damage and elicit unwanted self-

reactivity38. Tregs actively suppress this activation of immune responses mediated by 

Teffs39, thereby making it vital for any immune-modulatory drug to influence each T 

cell subset independently from each other. Many immunosuppressant drugs, such as 

calcineurin inhibitors, reduce T cell populations regardless of their subsets1,2, but the 
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TM/DX combinatorial treatment showed clear modulating effects and can be 

potentially used as a viable immunomodulatory therapy. 

 

TNF receptors are primarily involved in apoptosis and inflammation, and 

interactions of TNFRSF and TNFSF deliver co-stimulatory signals to regulate the 

function of many immune cells28,29. Co-inhibitory signalling also plays a critical role 

in determining the fate of T cells, as it determines whether T cells proliferate, expand, 

or are exhausted53,56,57. It has already been proposed by several studies that TM 

increases the therapeutic efficacy for treatment of multiple myeloma and lupus 

nephritis when combined with GCs24-26,37; thus, we hypothesised that DX may 

enhance the action of TM toward the co-stimulatory and co-inhibitory molecules. In 

the present study, we suggest that the selected co-stimulatory molecules, OX40, 4-

1BB, and GITR, and co-inhibitory molecules, PD-1 and CTLA-4, may be involved in 

TM/DX-induced regulation of proliferation and conversion of T cells and demonstrate 

that the expression of co-stimulatory and co-inhibitory molecules changes upon 

treatment with TM and/or DX.  

OX40 (CD134, TNFRSF4) is a well-known T cell activation marker. OX40 and its 

ligand, OX40 ligand (L) (CD252), are expressed on many lymphoid cells, including 

activated CD4+T cells. OX40 conducts co-stimulatory signals to CD4+T cells not only 

to promote their division and survival but to augment Teff expansion40,41. While Teff 

populations are increased by OX40 and OX40L ligation, the differentiation and 
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activity of Tregs are suppressed. Therefore, the interactions of OX40 and OX40L play 

a critical role in the development of autoimmune and inflammatory diseases30,32,40,42,43.  

Similar to OX40, one of the primary functions of 4-1BB (CD137, TNFRSF9) is to 

activate Teffs to proliferate. Its function on Tregs, however, is opposite that of OX40 

in that 4-1BB up-regulates Treg differentiation and activity44-46. 

As with OX40 and 4-1BB, interactions of GITR (CD357, TNFRSF19) with its 

binding partner, GITR ligand (GITRL), induce Teff proliferation and render Teffs less 

susceptible to Tregs. Interestingly, GITR/GITRL ligation not only activates Teffs but 

inhibits the suppressive activity of Tregs, while still promoting Treg proliferation31,47-

51. The effects of GITR on T cells remains controversial, but it is clear that GITR 

plays an important role in modulating immune responses. 

PD-1 is expressed primarily by T cells, and by binding to its ligands, PD-L1 and 

PD-L2, PD-1 signal inhibits T-cell expansion and proliferation and regulates T-cell 

exhaustion52-56. Inhibitory signalling via the PD-1 pathway also suppresses previously 

activated T cells in their effector phase, which regulates T-cell tolerance56,57. As 

ligation of PD-1 facilitates the generation of regulatory T cells (Tregs) and reduces the 

number of effector T cells (Teffs), PD-1 signalling is a key immunomodulatory 

pathway.  

CTLA-4 plays an important role in the maintenance of T-cell homeostasis. By 

competitively binding to B7 on antigen-presenting cells, ligation of CTLA-4 prevents 

the co-stimulatory signalling normally provided by ligation of CD28 and B7, resulting 

in T-cell anergy56,58. CTLA-4 is constitutively expressed on Tregs, and ligation of 
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CTLA-4 is thought to be critical for Treg suppression of Teff function in modulation 

of T-cell immune responses59-61. 

Based on the characteristics of each molecule, the results indicate that changes in 

surface expression of the selected co-stimulatory molecules OX40, 4-1BB, and GITR 

lead to a decrease in Teffs and preservation of the Treg population and function. The 

expression of co-inhibitory molecule PD-1 exhibited little change in both Teffs and 

Tregs, but CTLA-4 expression on Tregs increased significantly upon TM/DX 

combinatorial treatment. This result can be interpreted that changes in CTLA-4 

expression elicit the suppressive function on Tregs, further inhibiting Teffs activity.  

Taken together, overall in vitro molecular changes on T cells upon TM/DX 

combinatorial treatments suppress Teffs activity and proliferation, while preserve and 

enhance Tregs population and function, respectively. 

 

As Tregs are efficient mediator for immune tolerance, we further investigated in 

vivo changes of co-inhibitory molecules, especially CTLA-4, which directly affects 

Tregs function and shows significant changes in molecular expression on Tregs upon 

the combinatorial drug treatments. Moreover, since it is commonly known that the 

expression of CTLA-4 tends to increase in vivo with DX treatment62,63, in vivo 

experiment was necessary to understand the decreases in CTLA-4 expression 

mediated by DX in our in vitro results, which can be attributed to the experimental 

setting, in which systemic indirect influences by other immune cells were absent.  

In contrast to the in vitro results, more changes in the expression of co-inhibitory 
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molecules on splenic Tregs and Teffs were observed in vivo. Although the expression 

of PD-1 still exhibited no change in Teffs, CTLA-4 expression in Teffs increased 

significantly with TM/DX combinatorial treatment. The primary role of CTLA-4 in 

Teffs is to inhibit their activation and diminish their function by blocking the CD28 

co-stimulation pathway58,64. In this context, the increase in CTLA-4 expression in 

Teffs might result in the regulation of active T cells. 

It is also noteworthy that the expression of CTLA-4 in Tregs significantly increased 

in vivo as well as in vitro upon TM/DX combinatorial treatment. Furthermore, PD-1 

expression on Tregs also increased significantly compared to the control upon 

combinatorial treatment. PD-1 signalling promotes Treg development and enhances 

Treg function by increasing FOXP3 expression53. The increases in expression of both 

CTLA-4 and PD-1 in Tregs after TM/DX combinatorial treatment might directly 

further extend Treg development and Teff-suppressing activity. Collectively, the in 

vivo effects of TM/DX combinatorial treatment on Teffs and Tregs demonstrated that 

changes in the expression of co-inhibitory molecules might result in subsequent 

modulation of T-cell immunity.  

 

In order to clarify the reason why the in vivo results exhibited more-distinct changes 

in co-inhibitory molecule expression compared with the in vitro results, we examined 

in vivo systemic changes upon TM/DX combinatorial treatment by observing other 

immune cells that affect T-cell immunity. CD8+ T cell and CD19+ B cell populations 

and function increased and decreased, respectively, but we attributed these changes to 
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the effect of DX. Increases in population and functional quality of CD11c+ DCs were 

also affected by DX, but the function of splenic DCs was significantly enhanced in a 

synergistic manner with TM/DX combinatorial treatment, compared to the control, 

TM, or even DX groups.  

DCs, as efficient antigen-presenting cells, directly affect T-cell immunity; thus, 

changes in the functional properties of DCs might play a critical role in regulating the 

entire immune system. Also, the effects of the TM/DX combinatorial treatments were 

clearly evident in splenic DCs; therefore, we examined the expression of co-inhibitory 

and functional molecules on splenic DCs to systemically understand the immune 

response after drug administration. First, we examined the expression of ligand 

molecules on DCs for CTLA-4 and PD-1 on T cells. Our finding that the expression 

of PD-L1 on DCs significantly decreased after TM/DX treatment appeared to be 

inconsistent with previously reported in vivo Treg results demonstrating increased 

PD-1 expression. However, as a complement to the decrease in PD-L1 expression, the 

expression of ligands for CTLA-4, CD80 and CD86 increased significantly upon 

TM/DX combinatorial treatment, enabling co-inhibitory signalling via the CTLA-4 

pathway.  

Next, we examined changes in tolerogenic characteristics of DCs. Tregs are key 

mediators of immune tolerance, and tolerogenic function of Tregs significantly affect 

the immune system. As tolerogenic DCs induce Treg responses, changes in DC 

function is also critical. We observed that characteristics of DCs were significantly 

affected by TM/DX combinatorial treatment. The tolerogenic-DC marker CD85k is 
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known to bind to one of many human leukocyte antigen classes to increase immune 

tolerance and blunt immune recognition65,66. Statistically significant increase in the 

expression of CD85k was observed and this might indicate that tolerogenic 

characteristics of DCs were induced by TM/DX treatment. However, we attributed 

this change to the effect of DX, and therefore, further investigation on tolerogenic 

properties of DCs will be necessary to clarify DC-Treg interaction upon TM/DX 

treatments.  

Taken together, our results suggest that TM/DX combinatorial treatment might 

affect tolerogenic characteristics of DCs and increase the possibility of co-inhibitory 

CTLA-4 signalling induction by stimulating DCs to express more ligand molecules. 

 

We hope to address the limitations of this study in future experiments by further 

investigating in vitro cell-cell crosstalk among immune cells using co-culture cell 

experiment in order to confirm the in vivo findings and to fully understand the ligation 

levels of co-stimulatory and co-inhibitory molecules. In vivo experiments with 

transplant or autoimmune disease animal models may also be required to strengthen 

our findings. Elucidating the effects of TM/DX combinatorial drug treatment on 

tolerogenic and other types of DCs also might enable us to clarify the mechanisms 

responsible for the effects of TM/DX on the immune system.  
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V. CONCLUSION 

 

In conclusion, the immunomodulatory characteristics of TM are further enhanced 

by DX, and the TM/DX combinatorial treatment influences Teff and Treg populations 

differently, suppressing the Teffs while preserving the Tregs. This enhanced and 

selective effect may be related to the expression of co-stimulatory molecules altered 

by TM and DX. TM/DX combinatorial treatment also selectively increased the 

expression of co-inhibitory signal-conducting molecules, particularly CTLA-4 in 

CD4+ Tregs, and also increased the expression of the ligand molecules for CTLA-4 on 

DCs. Examination of tolerogenic DCs upon the drug treatment in the future 

experiment might clarify its effects on the immune tolerance and overall systemic 

immunomodulation.  

Based on the results, TM/DX combinatorial treatment showed clear immune-

modulating effects, and therefore, we propose that TM/DX combinatorial treatment is 

an efficient and effective immunomodulatory approach for maintaining a tolerogenic 

state or immune homeostasis. 
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ABSTRACT (IN KOREAN) 

 

Thalidomide와 corticosteroid 병합 처리가 T 세포 아형에 미치는 면역 

조절 효과 규명 및 분자 메커니즘의 탐색 

 

< 지도교수   김 범 석 > 

 

연세대학교 대학원 의과학과 

 

김 은 지 

 

장기 이식 이후에 나타나는 면역 거부 반응을 예방하거나 감소하는 것은 

이식 분야에서 매우 중요한 문제이며, 면역 거부 반응 감소를 위해 

사용되는 면역 억제제의 여러 부작용으로 인하여 면역 억제보다는 면역 

조절의 필요성이 더욱 강조되고 있다. 면역 억제제 중의 하나인 

dexamethasone (DX)과 입덧 치료제인 thalidomide (TM)의 병합 용법은 

다발성 골수종 및 루푸스 신염과 같은 면역 관련 질환에 임상적으로 

유의한 치료 효과를 보인다는 연구들이 보고 되었다. 하지만 아직까지 

이에 대한 명확한 기전은 밝혀진 바가 없다. 따라서 본 연구에서는 TM과 

DX 병합 처리에 의한 면역 조절 효과의 시너지를 확인하고, 약물 병합 

처리 이후 T 세포 내의 co-stimulatory와 co-inhibitory 분자 발현 조절을 

살펴봄으로써 약리 기전상의 target들을 탐색하고자 하였다. 

C57BL/6 생쥐 비장에서 미접촉 T 세포를 분리한 후, TM과 DX의 단독 

또는 병합 처리 조건 하에서 효과 T 세포 증식 및 조절 T 세포 분화를 
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위해 배양하였다. 약물 처리 된 세포들을 수집하여 CD4+ T 세포 아형들에 

미치는 변화들을 관찰하였고, 또한 유세포 분석을 통하여 증식 및 분화된 

T 세포 내에서의 OX40, 4-1BB, glucocorticoid-induced tumour necrosis factor 

receptor-related protein (GITR), cytotoxic T-lymphocyte–associated antigen 4 

(CTLA-4), 및 programmed death 1 (PD-1) 분자 발현을 관찰 하였다. 

TM과 DX 단독 또는 병합 투여 된 C57BL/6 생쥐에서의 생체 내 비장의 

CD4+ T 림프구 아형의 변화 역시 확인하였고, T 림프구 내에서의 CTLA-

4와 PD-1의 발현, 그리고 비장 수지상 세포 내에서의 리간드 발현 또한 

유세포 분석을 통하여 관찰 하였다.  

TM (1, 10 µM)은 농도가 증가할수록 CD4+ 효과 T 세포의 증식을 

감소시켰으며, TM/DX (각각 1 또는 10 µM / 0.1 또는 1 nM) 병합 처리 

조건에서는 더 효과적으로 증식을 감소시켰다. 조절 T 세포의 분화는 약물 

처리 이후에 유의한 변화를 보이지는 않았다. 효과 T 세포의 co-stimulatory 

분자 발현 역시 약물 병합 처리에 의하여 유의하게 감소하였고, 조절 T 

세포 내의 분자 발현 또한 유의한 변화가 없었다. TM과 DX 단독 또는 

병합 투여된 생쥐의 생체 내 효과와 T 세포 그리고 조절 T 세포의 변화는 

체외 실험에서 관찰된 결과와 동일한 변화를 나타내었다.  

Co-inhibitory 분자 중 하나인 CTLA-4의 발현은 TM/DX 병합 처리 이후 

체외 실험에서 조절 T 세포의 유의한 증가를 보였고, 생체 내 실험에서는 

효과 T 세포 및 조절 T 세포 모두 유의하게 증가하였다. CTLA-4의 발현 

증가와 상응하여 CTLA-4의 리간드인 CD80 과 CD86의 발현이 TM/DX 

병합 처리 된 생쥐의 수지상 세포에서 유의하게 증가함을 확인 하였고, 

수지상 세포의 면역 관용 특성에도 변화가 있음을 관찰하였다. 

생체 내 외 결과 모두 TM/DX 병합 처리가 T 세포의 아형 별로 다르게 

영향을 끼치는 것을 보여주고 있으며, 이러한 면역 조절 기능은 CD4+ T 

세포와 수지상 세포 내에서 함께 신호전달 하는 분자들의 조절 기전을 
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통해 나타날 수 있음을 확인하였다. 따라서 본 연구는 TM/DX 병합 처리 

치료를 이식 후 관용적 면역 상태 또는 면역 항상성 유지를 위한 효과적인 

면역 조절 방법으로 제안한다. 
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