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Original Article 
Bortezomib inhibits bone marrow-derived dendritic cells 
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Abstract: Graft versus-host disease (GVHD) severely limits the application of allogeneic hematopoietic stem cell 
transplantation (allo-HSCT) in treating leukemia. Dendritic cells (DCs) are critical for the development. Here, we 
examined the effect of proteasome inhibitor Bortezomib on DCs in vitro. Primary cultured mouse DCs were treated 
with Bortezomib and their proliferation was observed. The expression of CD80 and CD86 and cytokine secretion of 
LPS-activated DCs was also quantified under Bortezomib. The ability of DCs to activate T cells was also measured 
by the mixed lymphocyte reaction assay. Finally the effect of Bortezomib on nuclear translocation of NF-κB was 
measured by EMSA. Bortezomib can inhibit the proliferation of DCs in a dose- and time-dependent manner. It also 
blocked the expression of co-receptors CD80 and CD86 and secretion of cytokines IL-12 and TNF-α in DCs treated 
with LPS. Mixed lymphocyte reaction assay suggested Bortezomib reduced the ability of DCs to activate T cells. 
Finally, we found Bortezomib can inhibit the nuclear translocation of NF-κB in DCs. Our findings indicated that Bort-
ezomib blocked the functions of DCs in various aspects, and is a potential drug candidate for GVHD.

Keywords: Bortezomib, graft versus-host disease, dendritic cells, nuclear factor-кB, T cell activation

Introduction

Allogeneic hematopoietic stem cell transplan-
tation (allo-HSCT) is currently the only available 
curative therapy for most types of leukemia. 
Graft versus host disease (GVHD), an inflamma-
tory response in which immune cells in the 
transplanted marrow recognize the recipient as 
“foreign” and mount an immune attack against 
it, however, severely limits allo-HSCT’s clinical 
applications [1]. Antigen-presenting cells (APCs) 
play a pivotal role in controlling immune re- 
sponses by processing antigen molecules and 
presenting them onto the surface of other 
immune cells. Thus, APCs are critical for the 
development of GVHD and are an important 
target for treating various immune disorders 
including GVHD [1, 2].

Dendritic cells (DCs), the “professional” APCs, 
are derived from hemopoietic bone marrow 
progenitor cells. These progenitor cells initially 
transform into immature dendritic cells, which 
are specialized for endocytosis and of low T-cell 
activation potential [3]. These cells develop 

into mature dendritic cells (mDCs) once they 
contact with antigens such as lipopolysaccha-
ride (LPS) [4]. mDCs then migrate to the lym-
phoid tissue with increased APC ability and 
T-cell activation potential [5]. Simultaneously, 
cell-surface receptors that work as co-recep-
tors in T-cell activation such as CD80 and CD86 
were upregulated with greatly enhanced ability 
to activate T-cells [6]. 

Nuclear factor kappa B (NF-кB), a widely distrib-
uted transcription factor in almost all animal 
cells, controls the expression of a number of 
important genes for immunological and inflam-
matory responses [7]. In activated cells, the 
NF-κB dimers are sequestered in the cytoplasm 
by a family of inhibitors, called IκBs (Inhibitor of 
κB) [8]. Activation of NF-κB is initiated by the 
signal-induced degradation of IκB proteins, 
making the NF-κB complex enter the nucleus 
where it can ‘turn on’ the expression of specific 
genes with NF-κB-binding sites [8]. These NF-κB 
activated then lead to certain physiological 
responses including those of pathophysiologi-
cal characteristics of GVHD [9]. Moreover, 
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NF-κB pathway has also been shown to be 
involved in the maturation and antigen presen-
tation of DCs [10, 11].

Bortezomib (PS-341; Velcade), a selective 
inhibitor of the 26S proteasome, has been 
established as an effective drug against plas-
ma cell myeloma [12]. Among multiple mecha-
nisms have been reported underlying its antitu-
mor activity, Bortezomib has been demon- 
strated to inhibit IκB degradation and thus sub-
sequent activation of NF-κB [13]. In addition to 
antitumor effects, the inhibition of NF-κB path-
way makes Bortezomib a potential drug candi-
date against GVHD. Evidences from animal 
models support the potential role of Bortezomib 
in treating GVHD [9, 14], although the exact 
mechanism is still not clear. We therefore 
hypothesized that Bortezomib prevents GVHD 
by modulating DCs functions via examining the 
effect of Bortezomib on DCs in vitro.

Materials and methods

Animals 

C57BL/6 (B6, H2b) male mice between 6 to 8 
weeks old with body weights between 18 and 
22 g were purchased from Slac Laboratory 
Animal Co. Ltd (Shanghai, China). All animals 
were handled in accordance with institutional 
and governmental directions and were app- 
roved by local authorities.

Preparation of mouse bone marrow derived 
DCs

Mouse DCs were prepared following Inaba et al 
protocol with modification [15]. Briefly, C57BL/6 
mice were sacrificed by cervical dislocation. 
Femur and tibia were isolated aseptically and 
bone marrow (BM) cells were washed out using 
serum-free PRMI1640 medium. After removing 
red blood cells by the buffer (0.15 M NH4Cl, 
0.01 mM KHCO3, 0.1 mM EDTANa2), BM cells 
were cultured in PRMI1640 medium containing 
10% FBS (GIBCO, US), 100 U/ml ampicillin, 100 
μg/ml Streptomycin, 2 mmol/L Glutamine and 
10 ng/ml recombinant murine granulocyte-
macrophage colony stimulating factor (rmGM-
CSF, Clongene, China) and 1 ng/ml recombi-
nant murine IL-4 (rmIL-4, PeproTech, US). Two 
days later, medium and floating cells were gen-
tly removed and the attached cells were feeded 
with fresh complete medium containing rmGM-

CSF and rmIL-4. The medium were changed by 
half every second day. Suspended cells were 
collected at day 6 and treated with LPS or 
together with Bortezomib at different con- 
centrations.

Proliferation assay

The affection of Bortezomib to the proliferation 
of DCs was examined with CCK-8 kit (Dojindo, 
Japan). When DCs were cultured at day 6, sus-
pended cells were collected by centrifuging at 
1000 g for 5 minutes. Cells were seeded in 
96-well plate at a density of 5 × 105/ml and 
treated with serial diluted Bortezomib (in PBS, 
Janssen, China) for 24 hours, 48 hours and 72 
hours, respectively. The proliferation of cells 
was evaluated by CCK-8 assay according to 
manufacturer’s instructions. The value of opti-
cal density (OD) was measured with a Ther- 
momax microplate reader according to the 
absorbance at 450 nm. 

Flow cytometry

DCs cells were seeded in 24-well plate at a den-
sity of 1 × 106/ml. Cells were treated with LPS 
or Bortezomib plus LPS at different concentra-
tions. 24 hours later, cells were collected and 
washed twice with PBS, and then were labeled 
with FITC or PE conjugated antibodies against 
CD11C, CD80 or CD86 (BD Bioscience, US) fol-
lowed by fixation and permeabilization. Labeled 
cells were measured on FACScan flow cytome-
ter (Becton Dickinson, US).

Mixed lymphocyte reaction

Splenocytes were obtained from BALB/C mice 
and used as responder cells. G-irradiated (30 
Gy cyanocobalamin 60Co) DCs cells were used 
as trophoblasts. Splenocytes and G-irradiated 
DCs were mixed at different ratios (1:1, 10:1 
and 100:1) and co-cultured in 96-well plate at a 
density of 1 × 105 cells per well. Mixed cells 
were treated with 100 nM nortezomib for 5 
days and cell proliferation was evaluated by 
CCK-8 assay described above.

Enzyme-linked immunosorbent assay (ELISA)

The supernatant of DCs treated with LPS or LPS 
plus Bortezomib for 24 hours were harvested. 
The expression level of IL-12 and TNF-α were 
measured using ELISA kit (Dakewe BioTech, 
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China) according to manufacturer’s instru- 
ctions.

EMSA assay for NK-κB

DNA binding of NF-κB in DCs was evaluated by 
EMSA. DCs treated with LPS or LPS plus 
Bortezomib at various concentrations for 24 
hours, were harvested and their nuclear pro-
teins were purified. The nuclear translocation of 
NFĸB was measured by NFĸB EMSA kit (Viagene 
Biotech, China) according to manufacturer’s 
instructions.

Results

Bortezomib represses the proliferation of DCs

To verify our hypothesis that Bortezomib can 
modulate the function of DCs, we firstly exam-
ined the proliferation of DCs treated with 
Bortezomib at different doses or time periods. 
As shown in Figure 1, the proliferation of DCs 
was significantly inhibited when treating with 
Bortezomib at 10 nM for 24 hours compared to 
control cells. The inhibition was significantly 
potentiated with higher concentrations of 
Bortezomib. Compared to untreated cells, less 
than 40% cells were detected when treated 
with Bortezomib at 50 nM for 24 hours. 
Interestingly, we found the inhibition is not lin-
early related to the concentrations, as cells 
were sensitive to Bortezomib below 20 nM. 
However, only little increased inhibition was 
observed from 20 nM to 50 nM. When cells 
were treated with Bortezomib at the same con-

centration but with different time periods, the 
inhibition was consistently increased when 
cells were treated with longer time (Figure 1). 
Indeed up to 80% inhibition was found when 
cells were treated with Bortezomib at 10 nM for 
72 hours. The abovementioned dose-depen-
dent patterns repeated when cells were treated 
for 48 hour and 72 hours. Together, our findings 
suggested that the inhibition of Bortezomib to 
DCs is both dose- and time-dependent.

Bortezomib inhibits the expression of cell sur-
face co-receptors in DCs

Upregulated expression of cell-surface recep-
tors is one of hallmarks of mature DCs and is 
critical for its ability to activate T-cells during 
immune response [Carreno BM and Collins M. 
2002]. To evaluate the effect of Bortezomib on 
the expression of co-receptors on DCs’ cell sur-
face, flow cytometry was used to detect the 
expression of CD80 and CD86 on DCs treated 
with LPS or LPS plus Bortezomib at different 
doses for 24 hours. As shown in Figure 2, 
expressions of co-receptors CD80 and CD86 
were strongly increased in DCs treated with 
LPS only compared to untreated cells, suggest-
ing that DCs isolated from mouse bone marrow 
can be efficiently transformed into mature DCs 
by LPS in vitro. When DCs were treated with 
LPS plus Bortezomib, expressions of CD80 and 
CD86 were dose-dependently decreased. Com- 
paring to cells treated with only LPS, less than 
half of CD80 and CD86 were detected when 
DCs were co-treated with LPS and Bortezomib 
at 100 nmol/L, suggesting that Bortezomib can 

Figure 1. Proliferation inhibition analysis of DCs. was 
treated with Bortezomib at different concentrations 
and time. The proliferation inhibition of DCs was 
measured with a Thermomax microplate reader at 
450 nm absorbance.

Figure 2. Bortezomib inhibit the upregulation of 
CD80 and CD86 in LPS-activated DCs. CD11c was 
used as a control cytokine. The expression of CD11C, 
CD80 and CD86 were measured by ELISA.
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strongly inhibit the upregulation of co-receptors 
CD80 and CD86 in LPS-activated DCs. 

Bortezomib modulates the secretion of IL-12 
and TNF-α

Stimulating DCs in vivo with microbial extracts 
causes the dendritic cells to rapidly begin pro-
ducing and secreting cytokines such as IL-12 
and TNF-α [16]. IL-12 is a signal that helps to 
transform naive CD4 T cells towards Th1 phe-
notype, which leads to priming and activation of 
the immune system for attacking antigens 
which the dendritic cell presents on its surface. 
To evaluate the effect of Bortezomib on the 
secretion of cytokines, we used ELISA to detect 
IL-12 and TNF-α in the supernatant of cultured 

DCs that were treated with LPS or LPS plus 
Bortezomib. As shown in Figure 3, low level of 
IL-12 and TNF-α were detected in untreated 
DCs. When cells were treated with LPS, expres-
sions of both IL-12 and TNF-α were strongly 
increased up to 10 folds, suggesting that DCs 
can be efficiently stimulated to secrete cyto-
kines by LPS in vitro. When DCs were treated 
with both LPS and Bortezomib, IL-12 and TNF-α 
showed dose-dependent decrease expres-
sions. There was no significant change of 
detected cytokine levels when cells were treat-
ed with Bortezomib at 10 nM. Strongly 
decreased IL-12 and TNF-α, however, were 
found when the concentration of Bortezomib 
increased to 50 nM. The expression level of 
IL-12 and TNF-α were even lower than untreat-
ed cells at 100 nM Bortezomib at, suggesting 
that Bortezomib inhibits the secretion of IL-12 
and TNF-α in LPS-activated DCs.

Bortezomib repressed the ability of DCs to 
induce T-cell proliferation

The most typical feature of DCs is their ability to 
induce T cell proliferation. When T cells were 
co-cultured with DCs at different ratios, T cells 
showed ratio-dependent growth as more DCs 
induced rapid T cells growth (Figure 4). When 
the co-cultured cells were treated with 
Bortezomib, T cells showed much lower prolif-
eration than control cells (P<0.001), especially 
at 10:1 ratio. Our data demonstrated that treat-
ment with Bortezomib reduced the capacity of 
DCs to induce the proliferation of T cells.

Figure 3. Bortezomib inhibits the secretion of IL-12 and TNF-α in LPS-activated DCs. The expression level of IL-12 (A) 
and TNF-α (B) were examined by ELISA as described in Methods.

Figure 4. Proliferation analysis of T cells co-cultured 
with DCs. T cells were co-cultured with DCs with or 
without Bortezomib at 100 nmol/L. 5 days later, the 
proliferation of T cells were measured with a Thermo-
max microplate reader at 450 nm absorbance.
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Bortezomib blocked the nuclear translocation 
of NF-κB in DCs

Since NF-κB targets can lead to physiological 
responses of GVHD [9], we asked if Bortezomib 
can block the activity of NF-κB in DCs. NF-κB 
complex in cytoplasm will enter into the nucle-
us when it is activated. Compared to control 
cells treated with only LPS, DCs treated with 
both LPS and Bortezomib had much lower 
NF-κB levels in the nuclear fraction (Figure 5). 
Only trace amounts of NF-κB were detected 
when Bortezomib was increased to 100 nM, 
indicating that Bortezomib blocks the nuclear 
translocation of NF-κB from cytoplasm, thus 
inhibiting the activation of NF-κB in DCs. 

Discussion

In the present in vitro study, we examined the 
effect of proteasome inhibitor Bortezomib on 
bone marrow derived DCs in cell proliferation, 
expression of co-receptors, cytokine secre-
tions, and activation of T cells, in addition to the 
nuclear translocation of NF-κB. Data about 
plasma levels of Bortezomib in patients with 
advanced solid tumors have shown peak con-
centrations ranging between 10 and 100 nM 
[17], our data demonstrated that Bortezomib at 
20 nM can strongly inhibit the proliferation of 
DCs while 100 nM Bortezomib can strongly 
block the expression of CD80 and CD86 in DCs 
treated with LPS, and Bortezomib at 50 nM can 
significantly block the secretion of IL-12 and 

TNF-α in LPS-activated DCs. Bortezomib also 
reduced the ability of DCs in activating T cells. 
All these findings indicated that Bortezomib 
has the potency to inhibit phenotypic matura-
tion of imDCs, providing a basis for the immu-
nosuppressive effects. Finally, we found that 
Bortezomib blocked the nuclear translocation 
of NF-κB in DCs, providing a possible mecha-
nism for the functional inhibition of DCs by 
Bortezomib.

Bortezomib has been shown to inhibit NF-κB 
activity in multiple myeloma cells by blocking 
IκB degradation [18]. Additionally, Yoshimura et 
al. study found that NF-κB was an effective tar-
get for blocking DC antigen presentation and 
inhibiting T-cell-dependent immune responses 
[11], suggesting that NF-κB pathway may be 
the mechanism of Bortezomib-induced inhibi-
tion of DCs. This mode was supported by our 
findings that Bortezomib reduced the ability of 
DCs in activating T cells and blocked the nucle-
ar translocation of NF-κB in DCs. Because 
active protein synthesis was found to represent 
an upstream prerequisite for Bortezomib-
induced DC apoptosis , it could be speculated 
that observed effects in DCs with Bortezomib 
may be due to active NF-κB-dependent protein 
synthesis in imDCs upon maturation stimuli.

In summary, our data provide new insights into 
the functions of Bortezomib on DCs in vitro. It is 
worth to further examine the modulation of DCs 
in animal model and finally to provide a poten-
tial drug candidate for GVHD in the future.
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