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Introduction
Dendritic cells (DC), known for presenting tumor 
antigens, are widely acknowledged as essential for 
triggering immune responses against tumors by activating 
T cell responses.1 DCs can be classified into different 
subsets based on their morphology, development, 
surface markers, important transcription factors, and 
functions. These subsets consist of conventional DCs 
(cDCs), inflammatory monocyte-derived DCs (moDCs), 
plasmacytoid DCs (pDCs), and Langerhans cells (LCs).2 
DCs have the ability to activate both naive CD4 + and 

CD8 + T cells. They use their major histocompatibility 
complex (MHC)-I molecule to cross-present exogenous 
antigens, which triggers the activation of naive, antigen-
specific CD8 + T cells. Additionally, through the MHC-
II molecule, DCs present antigens to CD4 + T cells to 
prime and activate their responses.3 In the context of 
tumors, DCs trigger anti-tumor immune responses by 
capturing, processing, and presenting tumor-associated 
antigens (TAA) to T cells.4 DC vaccines have emerged as 
a significant strategy in cancer immunotherapy, aiming 
to boost the body's natural defenses against tumors. 
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Abstract
Introduction: Dendritic cells (DCs) 
possess specialized abilities to 
present antigens and stimulate T cells, 
making them essential in triggering 
adaptive immune responses. 
Thalidomide and its derivatives are 
classified as a group of medications 
that possess immunomodulatory 
properties. Numerous studies have 
demonstrated the contentious 
impact of these drugs on DCs. Therefore, the objective of the present study was to assess the 
influence of Thalidomide therapy on the maturation and stimulation of monocyte-derived DCs, 
and subsequently examine the consequences of these treated DCs on the immune responses of 
autologous T cells. 
Methods:  The immature DCs derived from monocytes were subjected to exposure to Thalidomide 
and Lipopolysaccharides (LPS) on the fifth day of differentiation, followed by a 24-hour incubation 
period. On the sixth day, the phenotypic features of the DCs in both the control and treatment 
groups were assessed using flow cytometry. Subsequently, the gene expression in both the DCs 
and autologous T cells co-cultured with the DCs was evaluated using the real-time PCR method. 
Results: Thalidomide-treated DCs exhibited a significant augmentation in the expression of 
maturation and stimulatory surface markers CD11c, HLA-DR, and CD86 (P ≤ 0.01), as well as gene 
expression of TNF-α and IL-12 (P ≤ 0.01) when compared to the control group. Furthermore, co-
culture of Thalidomide-treated DCs with T cells increased T-bet and IFN-γ (P ≤ 0.01) expression, 
while diminished FOXP3 and TGF-β (P ≤ 0.01) expression compared to T cells co-cultured with 
untreated DCs. 
Conclusion: Our findings indicate that in vitro Thalidomide treatment shifts DCs towards an 
immunogenic state and elevates their T helper 1 inducing capacity, which may be efficient in 
immunotherapy of various cancers.
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Traditionally, these vaccines used autologous moDCs 
generated in vitro and cultured with Granulocyte-
macrophage colony-stimulating factor (GM-CSF) and IL-
4. Alternatively, autologous DCs isolated from patients 
were employed and loaded with tumor antigens.5

Cancer develops and progresses due to a reduction 
in immune system surveillance, resulting in a gradual 
decline in its functionality. In contrast, autoimmune 
disorders arise from a failure of the body to tolerate 
its own antigens. The immunosuppressive tumor 
microenvironment significantly influences immune cell 
responses, particularly those of DCs, steering them towards 
inhibitory roles. The presence of suppressive factors 
such as Indoleamine 2, 3-dioxygenase (IDO), IL-10, and 
transforming growth factor β (TGF-β) induces inhibitory 
signals that render DCs nonfunctional. This dysfunction 
can suppress anti-tumor T cell responses, including T 
helper (Th)-1 priming and cytotoxic T lymphocyte (CTL) 
activation, while promoting T regulatory (Treg) responses 
that aid tumor progression.6 Regarding tumor-specific 
responses, Th1 and Th2 cells, along with their associated 
cytokines such as interferon (IFN)-γ, tumor necrosis 
factor (TNF)-α, and IL-4, are primarily recognized as 
anti-tumor agents. In contrast, regulatory T cells, which 
produce cytokines like TGF-β and IL-10, are seen as 
factors that promote tumor progression.7 The main way 
regulatory T cells promote tumor growth is by hindering 
the T cell-mediated elimination of tumor cells, which they 
accomplish through the secretion of IL-10 and/or TGF-β.8 
The use of immunomodulatory or immunostimulatory 
agents to alter the status of DCs for the immunotherapy 
of various conditions, including cancer, autoimmune 
disorders, and inflammation, has been explored in 
numerous studies, leading to the development of effective 
DC vaccines.

Thalidomide and its derivatives, lenalidomide and 
pomalidomide, are classified as medications that possess 
anti-inflammatory and immunomodulatory properties.9 
These substances have been used to treat patients with 
multiple myeloma, as well as prostate, pancreatic, and 
lung cancers. They have also demonstrated potential in 
managing autoimmune disorders such as Waldenstrom's 
macroglobulinemia, graft-versus-host disease, 
experimental autoimmune encephalomyelitis (EAE), 
and are considered a possible therapeutic option for 
multiple sclerosis (MS).10 Besides their capacity to inhibit 
angiogenesis and cell proliferation, thalidomides offer the 
added advantage of acting as immunomodulators and 
inflammation suppressors, helping to combat immune 
resistance associated with cancer.11 In their study, De 
Keersmaecker et al examined the effects of lenalidomide 
and pomalidomide on the responses of CD4 + and 
CD8 + cells in patients with multiple myeloma. The 
researchers found that both medications stimulated the 
proliferation of CD4 + and CD8 + cells and increased 

their cytokine production. Furthermore, the drugs 
enhanced the lytic ability of cytotoxic T lymphocytes 
and reduced the suppressive impact of CD4 + Tregs on 
CD8 + responses.12 Regarding the impact of thalidomide 
and its derivatives on the activation status of DCs, 
various studies have shown contradictory results. Vo et 
al conducted research that demonstrated an enhanced 
endocytic capacity in immature DCs treated with 
lenalidomide. Additionally, the study found that mature 
DCs treated with lenalidomide produced more IL-12p70, 
had fewer suppressor cells, exhibited stronger allogeneic 
T-cell stimulation capacity, and generated antigen-specific 
cytotoxic T lymphocytes.13 It has been demonstrated 
that lenalidomide treatment during the differentiation 
of moDCs leads to a semi-mature phenotype of DCs, 
which subsequently enhances their phagocytic capacity 
and ability to promote Th1 polarization.14 According 
to Henry and colleagues, administering pomalidomide 
and lenalidomide to mouse bone marrow-derived DCs 
from the first day of culture led to increased expression 
of maturation and stimulatory markers, including 
MHC-I, MHC-II, and CD86.15 Ito et al demonstrated that 
stimulation of Toll-like receptors (TLRs) combined with 
the administration of lenalidomide and pomalidomide 
effectively inhibits the ability of DCs to induce a Th1 
immune response. This suppression occurs by reducing 
the expression of cytokines IL-12, IFN-γ, and TNF-α, while 
simultaneously increasing levels of IL-10. Conversely, 
when exposed to thymic stromal lymphopoietin (TSLP), 
both lenalidomide and pomalidomide significantly boost 
the production of the chemokine CCL17/TARC, which is 
essential for recruiting Th2 immune cells.16 Lenalidomide 
has been shown to have no effect on the viability or 
expression of costimulatory molecules in CD1c + pDCs. 
However, it effectively suppresses the production of 
the crucial inflammatory cytokines IL-12 and IL-23, 
while simultaneously increasing the levels of the anti-
inflammatory cytokine IL-10.17 Deng et al conducted a 
study on epidermal LCs, revealing that the administration 
of thalidomide effectively suppresses the production 
of TNF-α and impairs the antigen-presenting ability of 
LCs.18

Taking all the results of the aforementioned 
investigations into consideration, it can be interpreted 
that the immunomodulatory agent Thalidomide exerts 
a paradoxical impact on DCs. In the present study, we 
assessed the effects of Thalidomide treatment on moDCs 
maturation and activation status as well as evaluated 
Thalidomide-treated DCs’ impact on autologous T cell 
responses.

Materials and Methods 
Materials
The media utilized in this investigation comprised RPMI 
1640 supplemented with 15% heat-inactivated fetal bovine 
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serum (FBS), L-glutamine (2 mmol/L), streptomycin (100 
µg/mL), and penicillin (100 IU/mL), all of which were 
provided by Gibco (New York, USA). 2-mercaptoethanol 
(2ME), lipopolysaccharide (LPS), Thalidomide, and 
Ficoll were acquired from Sigma Chemical Co (Munich, 
Germany), while human recombinant granulocyte-
macrophage colony-stimulating factor (rh GM-CSF), 
recombinant human interleukin-4 (rh IL-4) cytokines, 
and the human monocyte isolation kit were purchased 
from BioLegend (San Diego, USA). The phenotypical 
characterization of DCs involved the utilization of 
specific antibodies. These antibodies included Anti-HLA-
DR-APC and anti-CD86-PE, which were acquired from 
BioLegend (San Diego, USA). Additionally, Anti CD11c-
FITC and Anti CD14-FITC antibodies as well as the 
Apoptosis Detection Kit were obtained from Immunostep 
in Salamanca, Spain. 

Magnetic activated cell sorting (MACS)-mediated 
monocyte isolation
Fresh peripheral blood was collected from healthy 
individuals by utilizing sterile falcons that contained 
heparin. In order to isolate peripheral blood mononuclear 
cells (PBMCs), a Ficoll density gradient centrifugation 
method was employed. The MACS technique was 
employed to isolate monocytes from PBMCs. This 
method involved the application of biotinylated Anti-
CD14 antibodies and streptavidin-nanobeads for 
positive selection. In summary, for each 108 PBMCs, 
1 mL of MACS buffer, 100 µL of biotinylated Anti-
CD14 antibody, and 100 µL of streptavidin-nanobeads 
were added. After incubation and washing steps, the 
resulting cell suspension was then introduced into a 
column. Initially, the unlabeled cells were allowed to pass 
through the column, while the CD14-positive monocytes 
were retained within it. Subsequently, the column was 
removed from the magnetic field, and MACS buffer was 
added to collect the labeled monocytes using a piston. 
The collected monocytes were separated and subjected 
to centrifugation at 300 g for 10 minutes. The number 
of monocytes was determined by counting them using a 
Neubauer chamber, and their viability was assessed using 
the trypan blue exclusion method. The unlabeled cells 
(considered as high-purity T cells) were stored at -80Ċ for 
the following experiments.

Generation of DCs from isolated monocytes
Monocytes were cultivated in 6-well plates using a 
complete media formulation. The complete media 
consisted of RPMI-1640 supplemented with 15% FBS, 2 
mM L-glutamine, 100 μg/mL streptomycin, and 100 IU/
mL penicillin. The concentration of monocytes in the 
culture was 1.5 × 106 per mL. Additionally, the plates were 
supplemented with a 50 μM solution of 2-mercaptoethanol 
(2ME) and the cytokines GM-CSF and IL-4 at 

concentrations of 40 and 25 ng/mL, respectively. On the 
third day of cultivation, fresh complete media containing 
GM-CSF and IL-4 was introduced to the plates, replacing 
half of the existing medium. This manipulation led to the 
development of immature DCs by day 5.

Apoptosis assay for thalidomide optimum dose 
determination
The Annexin V-FITC/PI method and flow cytometry 
technique were employed to evaluate the optimal 
dosage of Thalidomide. Three commonly used doses of 
Thalidomide (10, 50, and 100 μM) were selected based 
on previous studies.19,20 Immature DCs were exposed to 
these doses for a duration of 24 hours. The highest dose 
that showed the lowest rate of apoptosis compared to the 
control group was then identified as the effective dose 
of Thalidomide and used in subsequent experiments. 
In summary, the cells were gathered and subjected to 
centrifugation. Subsequently, the cells were resuspended 
in apoptosis binding buffer and treated with Annexin-
V-FITC antibody and PI staining. This approach was 
employed to assess the level of apoptosis using flow 
cytometry. The data obtained was then analyzed using 
FlowJo software v10.5.3.

Microscopic and flow cytometry analysis of DCs
The utilization of the XDS-3 model, a high-quality 
inverted light microscope manufactured by Optika in 
Italy, enabled the investigation and analysis of the shape 
and structure of monocytes and DCs. On day 5, the DCs 
of the treatment group were exposed to an optimum 
dose of Thalidomide and after 3h incubation time, 100 
ng/mL of LPS was added to both the untreated control 
group (mDC) as well as Thalidomide-treated group 
(Thal-mDC) in order to complete the maturation process 
of DCs. On day 6, Cells from both groups were collected 
and, following a thorough wash, were resuspended in 
FACS buffer. Subsequently, the cells were incubated 
with antibodies, namely anti-CD11c-FITC, anti-CD14-
FITC, anti-HLA-DR-APC, and anti-CD86-PE, in a dark 
environment at a temperature of 4°C for 25 minutes. 
Following the incubation period, PBS was added, and 
the microtubes containing the cells were subjected to 
centrifugation at a force of 300g for 10 minutes, repeated 
twice. The cells were then resuspended in 200 μL of PBS 
and subjected to analysis using a MACSQuant cytometer 
(Miltenyi Biotec, Auburn, CA, USA). The data obtained 
from the analysis was further processed using FlowJo 
v10.5.3 software to determine the expression levels of 
CD11c, HLA-DR, and CD86 surface markers based on 
the mean fluorescent intensity (MFI).

Co-culture of DCs with autologous T cells
In order to assess the impact of Thalidomide-treated 
DCs on Th1 and Treg responses, a co-culture experiment 
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was conducted. On day 6, mDCs and Thal-mDCs were 
co-cultured with autologous T cells, derived from the 
previously mentioned unlabeled cells (PBMCs without 
monocytes), for a duration of 48 hours. The co-culturing 
was performed in a ratio of 1:5, using 24-well plates. To 
evaluate the T lymphocyte responses, the expression levels 
of Th1-related factors, namely the T-box transcription 
factor TBX21 (T-bet) and IFN-γ, were measured. 
Additionally, the expression levels of Treg-associated 
markers, including Forkhead Box P3 (FOXP3) and 
TGF-β, were also assessed. 

RNA extraction, cDNA synthesis, and real-time PCR
The manufacturer's instructions were followed to 
extract the total cellular RNA of DCs and T cells, 
utilizing the TRIzol reagent from Roche Diagnostics, 
Mannheim, Germany. Subsequently, the concentration 
of the extracted RNAs was measured using a NanoDrop 
spectrophotometer from Thermo Scientific NanoDrop, 
USA. The RNA was then stored at -80°C until the 
synthesis of complementary DNA (cDNA) was carried 
out using an Addscript cDNA synthesis kit from AddBio, 
Korea. Real-Time PCR was performed using specific 
primers (Table 1) to evaluate the gene expression of IL-12, 
IL-10, TNF-α, IDO, NF-KB, and TGF-β in DCs, as well as 
T-bet, IFN-γ, TGF-β, and FOXP3 in T cells. The 18s gene 
served as an internal control to normalize the expression 
of target mRNAs. The relative mRNA expressions were 
determined using the 2-∆∆CT technique after each reaction 
was conducted in triplicate.

Statistical analysis
GraphPad Prism v8.0.2, developed by GraphPad Software 
in San Diego, California, USA, was employed for the 

purpose of data analysis. In order to compare the data 
obtained from the control and treatment groups, the 
student's t-test was utilized. Each parameter was evaluated 
in triplicate, and the mean ± standard deviation (SD) was 
reported for each group. The significance level was set at 
a P value of ≤ 0.05, where "ns" denoted non-significant, "*" 
represented a P value ≤ 0.05, "**" indicated a P value ≤ 0.01, 
"***" signified a P value ≤ 0.001, and "****" denoted a P 
value ≤ 0.0001.

Results
10 μM dosage of Thalidomide was determined as the 
optimum dose for the following experiments
The Annexin V-FITC/PI staining and flow cytometry 
techniques were utilized to determine the most effective 
dosage of Thalidomide. The outcomes revealed that the 
control group and the groups administered with doses of 
10, 50, and 100 μM exhibited viable cell percentages of 
97.7%, 95.9%, 90.8%, and 90%, respectively. Consequently, 
it was deduced from these findings that the ideal dosage 
for treating DCs in subsequent experiments was 10 μM 
(Fig. 1).

Thalidomide-treated DCs showed upregulated 
expression of maturation and costimulatory markers 
Flow cytometry analysis revealed that the MACS method 
yielded monocytes with a purity exceeding 90% (Fig. 
2). After being cultured for a period of six days in the 
presence of IL-4 and GM-CSF cytokines, the monocytes, 
which were initially spherical in shape, adhered to 
the plate and underwent differentiation into large 
DCs. These DCs exhibited the presence of numerous 
elongated outgrowths known as dendrites (Fig. 3a). The 
flow cytometry technique was employed to assess the 

Table 1. Specific primer sequences used in the study

Gene NO. Gene Bank Melting temperature (Tm) Product length (bp) Forward/Reverse Sequences

IL-12 NM_000586 60-65°C ~200 F
R

TCAGAATTCGGGCAGTGACTATTG 
ATCCTTCTTTCCCCCTCCCTA

TNF-α NM_000594 60-65°C ~200
F
R TTCTCCTTCCTGATCGTGGCA

TAGAGAGAGGTCCCTGGGGAA

IL-10 NM_000572 60-65°C ~200 F
R

AGGAAGAGAAACCAGGGAGC
GAATCCCTCCGAGACACTGG

IDO NM_001564 60-65°C ~200 F
R

AGCTTATGACGCCTGTGTGAA
TCCTTTGGCTGCTGGCTTG

NF-KB NM_001165 60-65°C ~200 F
R

AACAGAGAGGATTTCGTTTCCG 
TTTGACCTGAGGGTAAGACTTCT

IFN-γ NM_000606 60-65°C ~200 F
R

CTCTGCATCGTTTTGGGTTCT
ATCCGCTACATCTGAATGACCT

TGF-β NM_000660 60-65°C ~200 F
R

AACAATTCCTGGCGATACCTC
GTAGTGAACCCGTTGATGTCC

T-bet NM_003194 60-65°C ~200 F
R

TCTCCTCTCCTACCCAACCAG
CATGCTGACTGCTCGAAACTCA

FOXP3 NM_014006 60-65°C ~200 F
R

CAGCCAGTCTATGCAAACC
GTCTTGTGTCAGTTTGAGGGTC

18s NR_003286 60-65°C ~200 FR ACCCGTTGAACCCCATTCGTGA
GCCTCACTAAACCATCCAATCGG
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markers related to maturation and antigen presentation 
in DCs (CD11c, HLA-DR, and CD86), along with the 
monocyte marker (CD14), to evaluate the phenotypic 
characteristics of both the mDC group and the Thal-
mDC group. A small proportion of differentiated cells 
demonstrated the presence of the monocyte marker 
CD14, while a significant proportion of cells exhibited 
the expression of CD11c, CD86, and HLA-DR markers, 
suggesting successful differentiation from monocytes 
to DCs in both groups (Fig. 3b). In order to assess the 
variances in surface expression of specific markers 
among different groups of DCs, we conducted a thorough 
analysis based on MFI. Our investigation revealed that 
the administration of Thalidomide to DCs resulted in a 
significant augmentation of CD11c, CD86, and HLA-DR 
markers' surface expression when compared to the mDC 
group (P ≤ 0.01) (Fig. 3c).

Thalidomide treatment enhanced the expression of the 
pro-inflammatory cytokines’ gene in DCs
The activation status of DCs was evaluated to assess the 
effects of Thalidomide treatment. This was accomplished 
by analyzing the expression profile of genes associated 
with both pro-inflammatory and anti-inflammatory 

responses. Real-time PCR was employed as a technique to 
measure the levels of pro-inflammatory markers such as 
IL-12, TNF-α, and NF-KB, as well as anti-inflammatory 
markers including IL-10, TGF-β, and IDO. The findings 
derived from this analysis demonstrated that the 
administration of Thalidomide resulted in a significant 
elevation in the levels of TNF-α (P ≤ 0.05) and IL-12 
(P ≤ 0.01) when compared to the control group mDCs. 
It is worth mentioning that there were no significant 
variances observed in the expression of NF-KB, TGF-β, 
IL-10, and IDO between the mDC and Thal-mDC groups 
(P > 0.05) (Fig. 4).

Thalidomide-treated DCs augment Th1 immune 
responses and concurrently inhibit Treg immune 
responses.
In order to assess the impact of Thalidomide-treated DCs 
on the responses of autologous T cells, the expression 
of genes related to Th1 cells (T-bet and IFN-γ), as well 
as markers associated with Treg cells (FOXP3 and 
TGF-β), were evaluated. This evaluation was conducted 
by co-culturing different groups of DCs with T cells 
in a 1:5 ratio, as previously described in the Materials 
and Methods section. The co-culture of autologous 

Fig. 1. Thalidomide optimal dose Determination. The utilization of Annexin-V/PI staining and flow cytometry analysis revealed that the application of 10 μM 
of Thalidomide led to the most significant proportion of viable cells. Consequently, this particular dosage was selected for further investigation.

Fig. 2. Confirmation of the purity of isolated monocytes. The purity of monocytes, isolated from PBMCs using the MACS technique, was assessed through 
flow cytometry analysis and anti-CD14-FITC staining.
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Fig. 3. Morphologic and phenotypic assessment of cultured DCs. (a) Illustrates the alterations in morphology that can be observed in adherent monocytes 
and differentiated DCs throughout their cultivation. (b) provides a visual representation of flow cytometry data, showcasing the percentage of cells that exhibit 
the presence of CD11c, HLA-DR, and CD86 markers on both mDCs and Thal-mDCs. (c) Depicts the evaluation of MFI-based expression levels of CD11c, 
HLA-DR, and CD86 between the control and treatment groups, showcasing a comparison. (** P ≤ 0.01).

Fig. 4. Examining the gene expression profiles of anti- and pro-inflammatory markers. The levels of expression of different genes, such as IL-12, 
TNF-α, TGF-β, IDO, IL-10, and NF-KB in mDCs and Thal-mDCs were examined using a real-time PCR technique. (ns: not significant, * P ≤ 0.05, ** P ≤ 0.01).
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T cells with Thalidomide-treated DCs resulted in a 
significant increase in the expression of T-bet and IFN-γ 
(P ≤ 0.01), while the expression of FOXP3 and TGF-β was 
significantly decreased (P ≤ 0.01) compared to T cells co-
cultured with mDCs (Fig. 5).

Discussion
DCs are essential for protecting the body against cancer 
and infections while also maintaining tolerance in a 
healthy state.21 In the context of cancer immunotherapy, 
there is significant excitement about using DCs to 
enhance the immune response of CD4 + and CD8 + T 
cells against tumors. Their capacity to migrate to lymph 
nodes and activate naive T cells makes DCs highly 
effective antigen-presenting cells (APCs) in promoting 
CD8 + T cell immunity.22 DCs can be classified into 
two distinct categories: immunogenic and tolerogenic, 
based on their activation levels. Immunogenic DCs 
are marked by elevated expression of costimulatory 
molecules (CD80, CD86, and CD40) and inflammatory 

cytokines such as IL-12 and TNF-α. These molecules 
are essential for stimulating immune responses against 
tumors.23 Conversely, tolerogenic DCs display elevated 
levels of immunosuppressive factors such as IDO, IL-10, 
and TGF-β, along with immune checkpoint molecules 
like CTLA-4 and PD-L1. These factors promote Treg 
responses. Tolerogenic DCs have demonstrated potential 
as a therapeutic strategy for treating autoimmune 
diseases.24

The use of thalidomide for treating various diseases 
has been backed by its immunomodulatory effects for 
many years. These conditions include erythema nodosum 
leprosum, graft-versus-host disease, and aphthous 
ulceration associated with human immunodeficiency 
virus (HIV).25 Initially, it was thought that thalidomide's 
mechanism of action involved the inhibition of cytokine 
production by monocytes, particularly TNF-α. However, 
recent studies suggest that thalidomide may also serve 
as a costimulatory signal for T cells, promoting T cell 
proliferation and the production of IFN-γ and IL-2.26 In 

Fig. 5. Examining the gene expression profiles of Th1 and Treg-related markers. Expression analysis of cytokines and T cell-associated transcription 
factors including T-bet, IFN-γ, FOXP3, and TGF-β following co-culture of T cells with mDCs and Thal-mDCs via real-time PCR technique. (** P ≤ 0.01).
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terms of DCs, various studies have shown that treatment 
with Thalidomide or its analogues has contributed 
to both the stimulation or suppression state of DCs. 
Therefore, in the present study, we evaluated the effects of 
Thalidomide treatment on the maturation and activation 
status of monocyte-derived DCs, as well as the impact 
of these treated DCs on autologous T cell responses. 
Our results showed that treatment of DCs with 10μM 
of Thalidomide significantly enhances the expression of 
surface maturation and costimulatory markers including 
CD11c, CD86, and HLA-DR compared to the control 
group (Fig. 3c). Moreover, Thalidomide-treated DCs 
indicated an upregulated expression of pro-inflammatory 
markers IL-12 and TNF-α, factors involved in the priming 
of Th1 responses. There was no significant alteration in 
the expression of IDO, IL-10, TGF-β, and NF-KB between 
the control and treatment groups (Fig. 4). Regarding T 
cells’ inducing capacity of DCs, in co-cultures of DCs/T 
cells it was shown that compared to mDCs, Thalidomide-
treated DCs shift responses towards Th1 (upregulation 
of T-bet and IFN-γ) and suppress Treg-associated 
responses (downregulation of FOXP3 and TGF-β) (Fig. 
5). Consistent with our results, several investigations 
have shown the stimulatory effects of Thalidomide 
or its derivatives on DCs. In their study, Mohty et al 
demonstrated that the inclusion of Thalidomide at the 
initiation of monocyte culture, along with GM-CSF and 
IL-4, resulted in an increase in IL-12p70 production while 
simultaneously reducing IL-10 production by moDCs. 
The researchers observed that moDCs generated with a 
concentration of 10 μg/mL Thalidomide exhibited limited 
ability to stimulate Th1 cell responses. However, when the 
concentration was increased to 20 μg/mL, thalidomide 
was found to enhance Th1 responses. Additionally, 
the production of TNF-α was significantly reduced 
when moDCs were exposed to 10 μg/mL thalidomide, 
whereas a dose of 20 μg/ml did not elicit any notable 
changes.27 Thalidomide has typically been recognized as 
a suppressor of TNF-α production; however, our findings 
revealed an increased expression of TNF-α in DCs 
treated with Thalidomide. This contrasts with previous 
research which found that low doses of Thalidomide 
inhibited TNF-α secretion, while our study employed 
a high dose. This suggests that Thalidomide's effect on 
TNF-α production may be influenced by the dosage used. 
Additionally, in DCs derived from multiple myeloma 
patients, research indicated that immature DCs treated 
with Lenalidomide showed enhanced antigen uptake. 
Conversely, mature DCs exposed to Lenalidomide had 
increased levels of IL-12p70, a greater capacity to activate 
allogeneic T cells, reduced suppressor cell presence, and 
improved generation of antigen-specific cytotoxic T 
lymphocytes (CTLs) compared to untreated DCs.13 In 
studies involving human monocyte-derived dendritic 
cells (moDCs), it has been shown that administering 

lenalidomide during the differentiation of DCs enhances 
the expression of various maturation markers on their 
surface, such as CD1d, CD83, CD86, and HLA-DR. When 
stimulated with LPS, the DCs treated with lenalidomide 
produced significantly more IL-12 and secreted more IL-
10 compared to the control group. Additionally, these 
lenalidomide-treated DCs demonstrated an increased 
ability to acquire antigens without the use of opsonins, 
unlike the control DCs. Importantly, in mixed lymphocyte 
reaction assays, lenalidomide-treated DCs were also 
effective in stimulating naïve CD4 T-cells, facilitating 
their differentiation toward a major Th1 phenotype.14 In 
the murine myeloma model MOPC-315, the combination 
of Lenalidomide and DC vaccination effectively inhibited 
tumor growth, outperforming the use of either treatment 
alone. This combined therapy led to a reduction in the 
number of suppressor cells, including both regulatory 
T cells (Tregs) and myeloid-derived suppressor cells 
(MDSCs), in the spleen. Furthermore, there was an 
increase in the proportions of CD4 + and CD8 + T cells 
in the spleen. In response to tumor antigens, there was 
a notable production of the Th1-associated cytokine 
IFN-γ, while the Th2-associated cytokine IL-10 was not 
produced.28 Henry et al demonstrated in their study that 
the application of Thalidomide analogues, specifically 
Pomalidomide and Lenalidomide, in mouse bone marrow-
derived DCs led to enhanced expression of MHC-I, MHC-
II, and CD86 markers. Additionally, treatment with either 
Pomalidomide or Lenalidomide significantly improved 
the antigen uptake capability of the DCs, resulting in 
an increase of up to 45% compared to untreated DCs. 
Furthermore, in co-culture experiments with ovalbumin-
loaded DCs and syngeneic T cells, both Pomalidomide 
and Lenalidomide effectively elevated CD8 + T-cell cross-
priming by up to 47%. Notably, Pomalidomide alone 
also demonstrated a 30% enhancement in CD4 + T-cell 
priming.15 A study by Kibata and colleagues has indicated 
that at a clinically relevant concentration, Lenalidomide 
treatment increases IFN-α production by pDCs.29

In contrast to our findings, some studies have reported 
an inhibitory effect of Thalidomide and its analogues 
on DCs. Specifically, in human CD11 + DCs, it has 
been shown that the activation of TLRs along with the 
administration of Lenalidomide and Pomalidomide 
effectively impairs the ability of DCs to initiate a Th1 
immune response. This inhibitory effect is mediated by 
a reduction in the expression of cytokines such as IL-12, 
IFN-γ, and TNF-α, while simultaneously increasing levels 
of IL-10. Conversely, when DCs are exposed to TSLP, both 
Lenalidomide and Pomalidomide significantly enhance 
the production of the chemokine CCL17/TARC, which is 
crucial for attracting Th2 immune cells.16 Lenalidomide 
treatment in human primary DC subsets, as demonstrated 
by Yamamoto et al, has been shown to have no effect on 
the viability or expression of costimulatory molecules. 
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However, it effectively inhibits the production of critical 
inflammatory cytokines IL-12 and IL-23, while promoting 
the synthesis of the anti-inflammatory cytokine IL-10 by 
CD1c + DCs. Additionally, Lenalidomide suppresses the 
production of IFN-α by CD141 + DCs, but it does not 
impact the production of this cytokine by plasmacytoid 
DCs.17 In LPS-induced PBMCs, the administration 
of a Thalidomide analogue effectively suppressed the 
production of TNF-α, IL-6, and IL-1β, while significantly 
enhancing the production of IL-10. Furthermore, it 
substantially promoted T cell proliferation along with the 
secretion of IL-2 and IFN-γ.30 A research investigation 
into epidermal LCs has revealed that the utilization of 
Thalidomide significantly inhibits the synthesis of TNF-α 
and impedes the ability of LCs to present antigens.18 You 
et al have reported that Thalidomide treatment of DCs 
inhibits the recruitment of p97 and Sec61 to endosomes, 
leading to a reduction in NF-κB activation and Myddosome 
formation. This ultimately impairs the ability of DCs to 
cross-present antigens and reverses the cross-activation 
of T cells. 19 In DCs derived from multiple myeloma 
patients treated with thalidomide, Schutt et al indicated 
the reduced expression of maturation and costimulatory 
markers including CD1a, CD40, CD83, and HLA-DR.31 
Thalidomide administration in alveolar macrophages 
obtained from bronchoalveolar lavage of individuals with 
interstitial lung diseases resulted in a dose-dependent and 
partial inhibition of IL-12p40, TNF-α, and IL-18 release 
upon stimulation with LPS. However, it did not exhibit 
any impact on the production of TGF-β, IL-1β, IL-6, and 
IL-8.20

Conclusion
Our findings indicate that Thalidomide, as an 
immunomodulatory agent, has the capacity to enhance 
the maturation and activation of monocyte-derived DCs. 
This is achieved through an increase in the expression 
of markers such as CD11c, HLA-DR, and CD86, along 
with upregulation of pro-inflammatory cytokines IL-12 
and TNF-α. Furthermore, Thalidomide treatment may 
improve the Th1-inducing capability of DCs. Overall, the 
results suggest that Thalidomide-treated DCs could serve 
as an effective and feasible strategy for immunotherapy 
in various cancers. While our study primarily focused on 
monocyte-derived DCs in vitro, future research should 
explore the effects of Thalidomide treatment across 
different DC subsets and assess this approach in vivo 
using tumor-bearing animal models.
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