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Anti-inflammatory effects of 4,4’-diaminodiphenyl sulfone (dapsone) in lipopolysaccharide-
treated spleen cells: selective inhibition of inflammation-related cytokines
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Abstract : 4,4’-diaminodiphenyl sulfone (dapsone) is a sulfone drug that has antibacterial effects on a variety of bacteria,
especially Mycobacterium leprae; thus, it has been used to treat leprosy. Previous studies demonstrated that dapsone
inhibits integrin-mediated adherence of neutrophils and production of prostaglandin E, by polymorphonuclear leukocytes.
Hence, dapsone may act in immune cells and regulate cell-mediated inflammation processes. However, its anti-
inflammatory effects remain unclear. The present study demonstrated that dapsone modulates the production of
inflammation-related cytokines in immune cells. We employed the spleen cells of mice, which are major immune cells,
and lipopolysaccharide (LPS) as a causative agent of inflammation for experiments. Dapsone induced a proportional
change in splenocyte subsets and the apoptosis of spleen cells. Interestingly, dapsone decreased the production of tumor
necrosis factor-alpha and interleukin (IL)-10, but not IL-6, in LPS-treated spleen cells. In other assays, we measured
the dapsone-induced production of nitric oxide (NO) and the expression of activation markers of spleen cells. Dapsone
decreased NO production in LPS-treated spleen cells. Taken together, our results demonstrate that dapsone has anti-
inflammatory effects in immune cells and provide new insight into the potential uses of this agent.
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Fig. 1. Effects of dapsone on the viability of spleen cells. The
cells were added to 96-well culture plates at a concentration of
4 x 10° cells/well and treated with dapsone at the indicated
concentrations for 3 days in the absence or presence of 1 pg/
mL lipopolysaccharide (LPS). Data are mean + SD from four
individual wells.
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Fig. 2. Dapsone does not alter the subsets of spleen cells. The cells were seeded at a concentration of 2 x 10° cells/mL in 6-well
culture plates and treated with 50 pg/mL dapsone and 1 pg/mL LPS. After 2 days, the treated cells were stained for subset markers
and analyzed using flow cytometry as explained in the Methods section. The number on the histogram represents the percentage

of positive cells.
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Fig. 3. Dapsone decreases the production of tumor necrosis
factor (TNF)-alpha and interleukin (IL)-10 in LPS-treated
spleen cells. (A) To check the production of IL-6, IL-10, and
TNF-alpha, spleen cells were seeded at a concentration of 4 x
10° cells/200 pL/well and treated with the indicated concentrations
of dapsone and 1 pg/mL LPS in combination for 3 days. (B)
To assay the production of nitric oxide (NO), spleen cells
containing adhesive cells were seeded at a concentration of 8 x
10° cells/200 pL/well and treated with the 50 pg/mL dapsone
and 1 pg/mL LPS in combination for 3 days. *, **, *** indicate
p<0.05, 0.01, 0.001, respectively, compared to LPS alone.
n.d., not detected.



202

rl

LPSE X2[8t H[ZMZO|M dapsone®| TNF-alphalt
IL-10 2F 45|

Dapsone®]| HIZAAM 2] WA EFIQ] Aitol] F&FS F
A dobr7] 98l dapsone?t LPSE A2|dk W7 29
FZ Ao Al 7HA] Alo] E7FRI(TNF-alpha, IL-6, IL-10)S
ELISAZ =%3lth. =4 A3}, dapsone ©=0 2 H|%
Azo] Al 7EA] Abe] EFRR] kel FaFe] IATHFig. 3A).
Zu]EA% dapsoneS LPS7} QS w L ojEzow
TNF-alpha®} IL-109] A4HS SAle] 7HAA]Zom IL-69]
Akl o] STt ol#gt A3= dapsone®] LPSE
A vPgAEANA AF AE Al ETIRIS A4S AE
Ao ZAJThs AMEE gt} B3t thE 71sAd Al
o2 FU3 FFdoA NOS HHF3IAtt NO assayolA]
dapsone LPS # 2]t H]ZAM 2] NO A4kS F2lstA 7+
27| THFig. 3B).

gl=o| M3 ool walol CHSt dapsonee| &1}

vZgA|a2e] &3t Adele] disll dapsonee] FEFES T4
oty Qs Pxre] &3 v LA S SAHSALE B
AFoMe gETe] AlE BN CD259F CD692] od

2 FAZEYE T HARAOP dapsone T /1A F
g3} BAS WAL WSATIA BkTHFig. 4). TEbA

dapsone LPS -f7-9F Zdaglo] vlZdA|aEe] g3t Zdefoll
e A @= o= AeEY

Dapsone X{2|8} H|ZMZS| MZEAl X

Dapsone®] HZHA|EZo| A MEZALE F=8F=A] annexin V-
FITC/PI A& AMg-slo] A8 o= S48t Dapsone
< LPS7F & wiol 1S vl EFollA] A ES] M EARE

Control Dapsone

I.ﬁ “
S §
o @
o .
10' 10° 10° 10* 10° 10' 10 107 10*
FL2H FL2-H
@ 14
2 :
8
o
o

10° 10' 10°
FL2-H

=) 7
10° 10' 10¢ 107 40°
FL2-H

4 -

10? 10*

T

S7HAZTHFig. 5A). 53] 7] AEZAEAHannexin V+/
Pl+)= dapsoned] 93f S7FsItt. ol8d A= MEZE
glo} & 29E 543171 98 rhodamine 12392 A1
sto] Ikt A= AZAL ol &4 2P S7E 2Hast
= 534S H2IUh Dapsone LPS EAI3IOIA] HIZA| 2]
nEF=gol 84 w9E AN ZTHFig. 5B). o] A4S
E3) dapsoneo] MM EL] A FALS FESTHE ARIS O

T AU

[

a

Dapsonee WA sulfonell FE 5 3ltol™, WHO
essential medicine?l] Z&= o] T} Dapsone?] 7P HHZH
3 AeT2 FHIPORA T Ao x ALEE ST &
3] %1% dermatoses®} dermatitis herpetiformisE s}
= 9 RAS A 1 AMge] AEEAT (11, 17]. 28 71
< gEIRA] ekket] ¥E7 AL 2= dihydrofolic acide]
RS Aste] o] e Aol 4S8 oAlske A
olt}. o] dapsone®| °FE]ZH&S AWalrlo] FH=3HH
dapsone?] FAZL 2 Fg U 7|Xo] L Hoz F
AT [16]. #= AFX= myeloperoxidase ZmWE-2
AA|sh= Zo] dapsone®] FAEF 71H9] SR AAXITH
e ol A AAAIY TRk Mol tigk dapsone
o] 335 Aisprlel dAI7E At wEbA & AellM =
dapsone®] FHF 71H, 53] BIEAMES] BEEF 7]E0l
gk 235 Yolr Al 3k

A5 AT HEFe} e WM R 54S Hol
= ARdol Zetsle] [8] dapsoned WA Eol|l *7]et F
MTT assay® MESAAEE ERISIHAL A ZAL BAE A3

LPS

Dapsone + LPS

Events

o
10° 10" 10 107 10
FL2-H

o
10° 10" 10° 10°
FL2-H

Eol 38
“10° 10' 10° 107 10°
FL2H

Events

o .
10° 10' 10° 10* 10*
FL2-H

Fig. 4. Effects of dapsone on the expression of lymphocyte activation markers. Spleen cells were cultured and treated as described
in Figure 2. The cells were stained for the lymphocyte activation markers CD25 and CD69. The numbers on histograms indicate

geometric mean fluorescence intensities.
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Fig. 5. Dapsone increases death in spleen cells. (A) The cells were cultured and treated as described in Figure 2. After treatment,
the cells were stained with annexin V-fluorescein isothiocyanate/propidium iodide. The quadrants show viable (lower left), early
apoptotic (lower right), late apoptotic (upper right), and necrotic (upper left) cells. (B) The cells were stained with rhodamine 123
solution. The numbers in histograms represent geometric mean fluorescence intensities.
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