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Background: Controlling inflammation is a therapeutic goal 
of various autoimmune/autoinflammatory diseases includ-
ing Behçet’s disease (BD). The immunomodulatory effect of 
metabolites or metabolic analogs such as butyrate and 3-bro-
mopyruvate has been observed in animal disease models. 
Objective: We attempted to evaluate the effect of butyrate 
and 3-bromopyruvate on the inflammatory cytokine pro-
duction by peripheral blood mononuclear cells (PBMCs) iso-
lated from patients with mucocutaneous involvement of BD.  
Methods: PBMCs isolated from 11 patients with BD and 10 
healthy controls were stimulated with lipopolysaccharide in 
the presence of butyrate or 3-bromopyruvate. Butyrate re-
ceptor and cytokine messenger ribonucleic acid (mRNA) ex-
pression was analyzed by real-time reverse transcription pol-
ymerase chain reaction. Cytokine secretion was assessed by 
enzyme-linked immunosorbent assay. PBMCs survival was 
analyzed by flow cytometry. Results: Bromopyruvate or bu-

tyrate treatment suppressed inflammatory cytokine pro-
duction in PBMCs from all our subjects. Bromopyruvate also 
reduced PBMCs survival while butyrate did not. As the effect 
of butyrate was slightly greater in BD patients than in healthy 
controls, we analyzed butyrate receptor expression and 
found that lipopolysaccharide-induced free fatty acid re-
ceptor 2 mRNA level in PBMCs was higher in BD patients 
than in controls. Conclusion: We propose bromopyruvate 
and butyrate as supplementary therapeutic candidates to 
control inflammation in patients with BD. (Ann Dermatol 
30(5) 566∼574, 2018)
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INTRODUCTION

Behçet’s disease (BD) is a chronic inflammatory disease in 
multi-organs1. The microbial agents or autoantigens are 
proposed to trigger inflammation in genetically suscep-
tible individuals1. Immunosuppressive agents including 
anti-tumor necrosis factor (TNF)-α antibody are recom-
mended when the first line drugs such as colchicine and 
corticosteroid are ineffective1. The goal of BD treatment is 
reducing the severity and frequency of inflammatory at-
tacks in order to prevent irreversible organ damage1. 
A prospective target for controlling inflammation is gly-
colysis, a pivotal metabolic pathway used by immune cell 
subtypes to produce inflammatory cytokine2. Bromopyruvate 
(BrPA) inhibits glycolysis through targeting hexokinase 2 
and glyceraldehyde 3-phosphate dehydrogenase3. Therefore, 
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Table 1. The clinical features and medication of BD patients at
the time of recruitment

Clinical features/
Medication

Inactive BD (n=6) Active BD (n=5)

Clinical features
  Oral ulcer 0 2
  Genital ulcer 0 1
  Erythema nodosum 0 3
  Ocular symptoms 0 1
Medication
  Prednisolone 0 2
  Colchicine 5 3
  Azathioprine 0 1
  Salazopyrine 1 1
  Pentoxyphyline 3 3
  Minocycline 1 0
  Aspirin 1 0
  Vitamin D 2 1

Values are presented as number. BD: Behçet’s disease.

BrPA ameliorates disease severity in a multiple sclerosis 
mouse model3 and inhibits arthritis progression in a 
mouse model4. 
Another metabolic regulator, short chain fatty acids 
(SCFAs) (e.g., butyrate) affect glucose and lipid metabo-
lism5 and modify gene expression through interacting with 
their receptors and regulating histone modifying en-
zymes6. SCFAs are supplied to humans mainly by colonic 
anaerobic bacteria fermenting undigested saccharides and 
dietary fibers5. A recent report presents a significant de-
crease in butyrate production and dysbiosis in the guts of 
patients with BD7. However, the effect of SCFA or BrPA 
on the inflammatory cytokine production in peripheral 
blood mononuclear cells (PBMCs) of patients with BD has 
not been reported.  

MATERIALS AND METHODS
Study subjects

Patients diagnosed with BD according to the International 
Study Group and Japanese criteria for BD in the 
Department of Dermatology at the Ajou University 
Hospital were enrolled in this study. We recruited a total 
of 21 subjects across three groups: five patients with active 
BD (two were male, mean age±standard deviation 
[SD]=44.2±9.0), six patients with inactive BD (four were 
male, mean age±SD=44.5±12.2) and ten healthy con-
trols (HC; three were male, mean age±SD=37.3±8.2). 
No statistically significant difference was found in the 
male to female ratio among the groups (p＞0.05, 
chi-squared test). Patients in the active BD group had at 
least one BD symptom despite receiving treatment, and 
those in the inactive group had no symptoms due to an-
ti-inflammatory medications (Table 1). The metabolic sta-
tus of patients would affect the results, given that bromo-
pyruvate and butyrate inhibit metabolic enzymes. 
However, we did not exclude any subjects due to diffi-
culty recruiting BD patients. Metabolic disease (diabetes 
mellitus or hypothyroidism) was found in two patients 
with inactive BD. The study was approved by the Ajou 
University Hospital Institutional Review Board (IRB no. 
AJIRB-BMR-GEN-14-463) and informed consent was ob-
tained from all subjects.

Cell stimulation 

THP-1 cells were cultured in RPMI1640 (Thermo Fisher 
Scientific, Waltham, MA, USA) containing 10% fetal bo-
vine serum (Capricorn Scientific, Auf der Lette, Germany), 
penicillin (100 U/ml, Thermo Fisher Scientific), and strep-
tomycin (100 μg/ml, Thermo Fisher Scientific). PBMCs 
were isolated using Ficoll-Paque Plus (GE Healthcare, 

Chicago, IL, USA). THP-1 cells (1×106/ml) were stimu-
lated with 100 ng/ml lipopolysaccharide (LPS) (Sigma- 
Aldrich, St Louis, MO, USA) in the presence or absence of 
various concentrations of bromopyruvate (Sigma-Aldrich) 
or butyrate (Sigma-Aldrich). PBMCs (1×106/ml) were 
stimulated with 100 ng/ml LPS in the presence or absence 
of 80 μM of bromopyruvate or 10 mM of butyrate.

Quantitative real-time reverse transcription polymerase 
chain reaction (RT-PCR)

Total RNA was extracted from THP-1 cells or PBMCs with 
RNAiso (Takara Bio, Otsu, Japan) and reverse transcribed 
using PrimeScript RTase (Takara Bio). Real-time RT-PCR 
was done using SYBR gene Ex Taq Premix (Takara Bio) 
and specific primers for interleukin (IL)-1β, IL-6, TNF-α 

free fatty acid receptor 2 (FFAR2), FFAR3 and actin (Takara 
Bio). PCR was run on a Quant Studio 3 (Applied 
Biosystems, Foster City, CA, USA). The cytokine or FFAR 
messenger ribonucleic acid (mRNA) amount was normal-
ized to the actin mRNA level. The data was presented as 
relative mRNA level at one time point of culture to the 
mRNA level at the beginning of culture.

Enzyme-linked immunosorbent assay (ELISA)

Cytokine levels in culture supernatant were assessed by 
ELISA using IL-1β ELISA kit (R&D systems, Minneapolis, 
MN, USA) and IL-6 and TNF-α ELISA kit (Biolegend, San 
Diego, CA, USA). 

Cell survival assay

Cells were labeled with propidium iodide (Merck Millipore, 
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Fig. 1. The effect of bromopyruvate and butyrate on the cytokine mRNA expression and the survival of THP-1 cells. Cytokine mRNA 
levels in lipopolysaccharide (LPS)-stimulated THP-1 cells in the presence or absence of bromopyruvate (BrPA) or butyrate (Buty) were 
analyzed by reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Relative mRNA level to the mRNA level at the 
beginning of culture (A). The percent mRNA level against the mRNA amount in the absence of a drug (B∼E). Cell survival (F). Data 
are presented as median with range of 6 independent experiments with duplication or triplication. IL: interleukin, mRNA: messenger 
ribonucleic acid, TNF: tumor necrosis factor. *p＜0.05, **p＜0.01, ***p＜0.001.

Billerica, MS, USA) in phosphate buffered saline and then 
analyzed with flow cytometer (FACScanto; BD Biosciences, 
Franklin Lakes, NJ, USA).

Statistics

Kruskal-Wallis test was done to evaluate the differences 
among three groups (HC, active BD and inactive BD). 
Chi-squared test was done to analyze the gender differ-

ences among three groups. Mann-Whitney U-test was con-
ducted to analyze the significance of the suppressive effect 
of drugs. A difference with a p-value＜0.05 was consid-
ered significant.

RESULTS 

We first determined effective doses of BrPA and butyrate 
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Fig. 1. Continued.

by analyzing their effects on THP-1 cell cytokine pro-
duction at 3 hours of LPS stimulation (Fig. 1). Since mRNA 
levels of IL-6, TNF-α and IL-1β reached their peaks 
when stimulated for 3 hours, we treated THP-1 cells with 
various concentrations of BrPA or butyrate for 3 hours. 
BrPA downregulated mRNA levels of all these cytokines in 
a concentration-dependent manner. Butyrate also reduced 
IL-6 mRNA levels in a concentration-dependent manner 
but did not reduce TNF-α or IL-1β levels. BrPA and bu-
tyrate were the most effective at their highest concen-
trations, 80 μM and 10 mM, respectively. Therefore, we 
evaluated the effect 80 μM BrPA or 10 mM butyrate 

across three time points (1, 3 and 6 hours of stimulation) 
on cytokine mRNA expression. BrPA suppressed cytokine 
mRNA expression at every time point, while butyrate sup-
pressed expression only at early time points. We assessed 
cytotoxicity of these drugs and found that BrPA reduced 
cell survival while butyrate did not.
We next examined the effects of BrPA and butyrate on the 
cytokine expression in PBMCs isolated from BD patients 
as well as HC (Fig. 2). Transcript levels of IL-6, TNF-α 

and IL-1β in PBMCs increased and persisted throughout 6 
hours of LPS stimulation. These cytokine mRNA levels 
were higher in BD patients than those in HC, but the pro-
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Fig. 2. The effect of bromopyruvate and butyrate on the cytokine expression and the survival of peripheral blood mononuclear cells
(PBMCs). PBMCs of patients with Behçet’s disease (BD) and healthy controls (HC) were stimulated with lipopolysaccharide (LPS) in
the presence or absence of bromopyruvate (BrPA) or butyrate (Buty). The indicated cytokine mRNA (A, C, E) and protein levels (B,
D, F) were determined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and Enzyme-linked immunosorbent 
assay, respectively. The relative mRNA levels in the LPS-stimulated PBMCs against the average mRNA level in unstimulated HC PBMCs
(A). The percent mRNA level in the LPS/BrPA or Buty - treated PBMCs against the mRNA level in the LPS-stimulated PBMCs (C, 
E). The percent protein level in the LPS/BrPA or Buty - treated PBMCs against the protein level in the LPS-stimulated PBMCs (D,
F). Cell survival was analyzed by flow cytometry (G). Data are presented as median with range. Data from more than 5 independent
experiments with duplication or triplication. IL: interleukin, mRNA: messenger ribonucleic acid, TNF: tumor necrosis factor, Inac.
BD: patients with inactive BD, Ac. BD: patients with active BD. *p＜0.05, **p＜0.01, ***p＜0.001.



Effect of Butyrate and Bromopyruvate in BD PBMCs

Vol. 30, No. 5, 2018 571

Fig. 2. Continued.

tein levels were similar between groups. BrPA treatment 
suppressed both mRNA and protein expression of these 
cytokines in PBMCs of all the subjects. Notably, BrPA cy-
totoxicity was observed in PBMCs of all the subjects (Fig. 
2G). 
Butyrate treatment inhibited IL-6 mRNA and protein ex-
pression in PBMCs of all subjects at all examined time 
points. It also suppressed TNF-α mRNA and protein ex-
pression at 6 hours. Although it downregulated IL-1β 

mRNA expression only in PBMCs of BD patients, it sup-
pressed IL-1β protein expression in all subjects at 6 
hours. Notably its suppressive effect on IL-1β protein lev-
els was twofold greater in BD patients than in HC. Yet, bu-
tyrate did not affect PBMCs survival (data not shown). 

As the effect of butyrate was slightly greater in BD patients 
than in HC, we investigated whether the butyrate receptor 
mRNA level in PBMCs of BD patients was greater than 
that of HC (Fig. 3). Contrary to our expectation, FFAR2 but 
not FFAR3 mRNA expression significantly decreased in 
BD patients in ex vivo PBMCs compared to HC. However, 
when PBMCs were stimulated with LPS, FFAR2 levels rel-
ative to the average mRNA level in unstimulated HC 
PBMCs increased approximately twofold, six fold and sev-
enfold at 1 hour in HC, inactive BD and active BD pa-
tients, respectively and further increased only in BD pa-
tients after 3 hours. FFAR3 expression also increased in 
LPS-stimulated PBMCs of all subjects with no significant 
differences among groups. BrPA and butyrate treatment 
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Fig. 3. Free fatty acid receptor 2 
(FFAR2) and FFAR3 mRNA expres-
sion in peripheral blood mononu-
clear cells (PBMCs). The relative 
mRNA level in ex-vivo PBMCs of 
each subject against the average 
mRNA amount of healthy controls 
(HC) (A). The relative mRNA levels 
in the lipopolysaccharide (LPS)- 
stimulated PBMCs against the aver-
age mRNA level in unstimulated 
HC PBMCs (B). The percent mRNA 
level in the LPS/bromopyruvate 
(BrPA) or butyrate - treated PBMCs 
against the mRNA level in the 
LPS-stimulated PBMCs (C, D). Data 
are presented as median with range 
of more than 5 independent experi-
ments with duplication or tripli-
cation. mRNA: messenger ribonu-
cleic acid, Inac. BD: patients with 
inactive BD, Ac. BD: patients with 
active BD. *p＜0.05, **p＜0.01, 
***p＜0.001.

significantly downregulated FFAR2 expression in all sub-
jects at all examined time points. Also, BrPA and butyrate 
treatment significantly downregulated FFAR3 expression 
at most but not all time points. 

DISCUSSION

In this study, we showed BrPA treatment suppressed in-
flammatory cytokine expression in PBMCs of all the 
subjects. These results are concordant with the report that 
BrPA reduces IL-6 and TNF-α production by LPS-stimu-
lated mouse dendritic cells in a concentration-dependent 
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manner4. We also observed that BrPA increased PBMCs 
death frequency. Although the in vivo BrPA effect on the 
activated immune cell survival has not been specifically 
studied, cell death was anticipated in activated PBMCs 
given previous studies by Ko et al.8 and Lachmandas et 
al.9 Ko et al.8 found that low concentrations of BrPA (20∼
90 μM) led to cell death in approximately 90% of hep-
atocellular tumor cells but in approximately 20% of nor-
mal hepatocytes. Lachmandas et al.9 reported that 
LPS-stimulated monocytes depend on glycolysis for ad-
enosine triphosphate (ATP) production similar to tumor 
cells. Thus, our aforementioned finding can be expected, 
since this study activated PBMCs with LPS and used 80 μM 
of BrPA. Furthermore, given that cytotoxic immunosup-
pressive drugs are currently used to treat BD1, BrPA’s cyto-
toxicity may be acceptable for developing it as a supple-
mentary treatment for BD.
We demonstrated that butyrate treatment inhibited IL-6, 
TNF-α and IL-1β protein expression in PBMCs of all sub-
jects at 6 hours. Nastasi et al.10 reported that butyrate in-
hibited the expression of LPS-induced cytokines such as 
IL-6, IL-12p40, but did not affect LPS-stimulated HLA-DR, 
CD86, IL-1β expression in human dendritic cells. Compared 
to our study using 10 mM butyrate, they used 1 mM buty-
rate and analyzed the effect at 24 hours after treatment10. 
We do not know if the suppressive effect of butyrate on 
IL-1β expression is dependent on the butyrate concen-
tration, the time point of analysis, or the cell type. 
Nevertheless, consistent with our results, a recent report 
demonstrates butyrate decreases Nlrp3 inflammasome for-
mation and activation in in vivo as well as in vitro endo-
thelial cells through blocking lipid raft signaling plat-
forms11. Further, anti-inflammatory effect of butyrate is 
manifold such as reducing the release of pro-inflammatory 
chemokines (CCL3, CCL4, CCL5, CXCL9, CXCL10 and 
CXCL11)10 and enhancing the release of the anti-in-
flammatory cytokine IL-1012. 
We observed that the FFAR2 mRNA level was significantly 
lower in ex vivo PBMCs of BD patients compared with 
HC. This was unexpected as the butyrate response was 
slightly greater in PBMCs of BD patients. However, LPS 
stimulation of PBMCs increased FFAR2 mRNA expression 
to a greater degree in BD patients compared to HC. 
Further study to analyze FFAR2 and FFAR3 protein ex-
pression is required. Also, GPR109a (another SCFA re-
ceptor) expression analysis in PBMCs of BD patients will 
be informative given that butyrate significantly amelio-
rated the inflammatory response in a GPR109a dependent 
manner through inhibiting AKT and NFκB p65 signaling 
in inflammatory bowel disease model mice13. 
Given the increase in TH17 cell frequency and decrease 

in regulatory T cell frequency in BD patients14,15, it is note-
worthy that BrPA inhibits TH17 cell differentiation and 
promotes regulatory T cell differentiation4. Also, butyrate 
promotes peripheral regulatory T cell differentiation16,17. 
We analyzed the effect of bromopyruvate on regulatory T 
cell differentiation in a preliminary study and found that 
the enhancing effect of bromopyruvate on the Treg-cell 
differentiation depended on the stimulatory strength and 
the analysis time point. Further, bromopyruvate concen-
tration and duration to increase Treg-cell differentiation 
are different from the concentration and duration to sup-
press inflammatory cytokine production. It was therefore 
difficult to analyze all effects of bromopyruvate and buty-
rate on Treg-cell and TH17 cell differentiation, and on in-
flammatory cytokine production using the limited blood 
cell numbers obtained from BD patients. 
Our study however, was conducted in a small sample 
without in vivo analysis. Therefore, future research should 
assess the in vivo effect of bromopyruvate and butyrate in 
a BD mouse model to clarify 1) whether the bromopyr-
uvate-mediated cell death induction can be tolerated and 
2) whether the butyrate-medicated SCFA receptor down-
regulation constrains the therapeutic effect of butyrate. 
Notably, a report argues that bromopyruvate was success-
fully tried in a single patient with a fibrolamellar hep-
atocellular carcinoma through the blood vessels supplying 
the tumor18. Further, SCFA receptor synthetic agonist sup-
presses inflammatory cytokine production in human den-
dritic cells19 and butyrate administration reduces disease 
activity in an ulcerative colitis mouse model20. Conclusively, 
along with the aforementioned reports, we propose bro-
mopyruvate and butyrate as supplementary therapeutic 
candidates to control inflammation in patients with BD. 
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