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Abstract

Cytotoxic Effect of Disulfiram on
Dendritic Cells

Supervised by professor Hong—Gu Joo
Yong Han

Department of Veterinary Medicine,
Graduate school,

Jeju National University

Disulfiram (DSF) is a drug that was used for treatment of chronic
alcoholism before. Recently, anticancer effect of DSF had discovered. Many
anticancer drugs have side effects such as Immunosuppression.
Immunosuppression is considered to be a very serious side effect because
it reduces functions of immune system and increases risks of infection
from external pathogens. DSF can also have these side effects. In this
study, we investigated whether DSF shows immunosuppression on dendritic

cells (DCs), one of immune cells. DSF treated DCs were used for cellular



metabolic activity assay, flow cytometry analysis, the cytokine production,
allogenic mixed leukocyte response and measurement of activation by
stimulating factors. In common, 5x#M of DSF caused significant damage of
DCs. Cell death increased, and markers that representing cell activation
decreased. But compare to previous study that cytotoxic effect of DSF on
spleen cells, DCs damaged less than spleen cells. This difference is
estimated to be related to the working mechanisms of the DSF. DSF
causes cytotoxic effect by unfold protein response (UPR) signaling
pathway and DCs have transcription factor x—box bind protein—1
(XBP—1). Function of XBP—1 is maintenance of endoplasmic reticulum(ER)
homeostasis. We assume that XBP—1 prevents DSF toxicity by interfering

UPR signaling pathway, the mechanisms of DSF toxicity.

Keywords: disulfiram, dendritic cells, cytotoxicity, anti—cancer activity,

protective mechanism
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Disulfiram (DSF) Agollis 279 7heel AREE = Sdo|3Aw 219
St 2835192 Wl aldehyde dehydrogenase inhibitor® Z}H8-3}= Zlo] dl&]
Atk [10]. DSF& H&std 5371 Aslix= 71d= o]&3to] DSF2 d7wof
A et daeTHARA AREHASTH15]. 1970d ol DSF& &8-3)
A et b E e iFto] AlAR Aol wAEYh [3]. ©]F, DSF
2 g FTRHEAZT AFHogT DSFY &7 F2let DSFol AEw
DSF—Cu complex”’} proteasome inhibitor® #£3}9]  endoplasmic
reticulum (ER) stress& ©F7]8kal, &AMES] apoptosisE o8t Ao=E &

HAAG [9, 13, 14].

FAAAE (Dendritic cell; DO)& A2 W3 $132 WS dAdst= I
A<l antigen presenting cell®]™, naive lymphocyte’} W75 ZI+5
= e AAEke Aoz dHA Ak [1]. & Ag-elA= DCell thst DSFoJ
e ot 7] fldte] mbeAe Tl DCe ARl DSF A 2j€ DCE

AP T, e e A e g9l ehal=eS =759t}
(¢} o’ W\ 10 1&2 10 2%



2 %99 C57BL/6 nh$28 ALgatath ABFEES o)
AEHko] OAF (BT ) ) Hopuol 2 AP AN AR OM FEAPL
B

A FEARESNAAd FA shel A

Dendritic cell®] F£H] 2 22

DC2 & A3 protocols Wl FH|8GITE COE o] &3fo] mpg2E <t
SAE AL FH O E diEER AeERFE IFAERE AFE
ACK (Ammonium—Chloride—Potassium) lysis bufferE ©o]&3ste] A& &
g A7l FH 70mm cell strainerol] Z3A]A AFESFETE 4]

gt
i
ol
=

Kl
=2
—
(@)

ng/mL% murine IL—4% 10 ng/mL® murine granulocyte—macrophage
colony —stimulating factor (mGM—CSF;peprotech, USA) & A g8ttt 4 ~
8UZtF COz incubatorelA #ieFst F m|F-2 MY ES 48359 dendritic cell
S Fv)8t9tl Dendritic cell 2 X 10° ~ 5 X 10° cells/mLe HE2 &+

bl e st

[l

O]

A AIEAEESY 54

DC2] thA}gHAd == Cell counting kit—8® (CCK—8; Dojindo, Japan) < ©]-&3}
o] £43FAch DCE 96—well culture plated] 5 X 10° cells/mL% T&= &
gto] DSF= =¥z A 34359 AHgsiqltt. DCe &A= S438t7] 18k
GM—-CSF$¢} anti—CD40 monoclonal antibody (mAb; BD bioscience, USA)E



A st T AHEskA] @ o= ol APsgith oFE AHEl & 3¢ H
CCK—-8 AJeks A &)3t =, microplate reader (Multiskan FC; ThermoFisher
Scientific, USA) & ©]&€3}%] 450nmolA SFHEE S8t

FrA 2EA

DCell DSF& Agsto] fFAZEA ] AREHATY. FAEREA S Sdto] cell
apoptosis, ZEWHuA A G258 nEZTE ol wrdg (MMP)E 57433
t}  [8]. Cell apoptosis assays st <eFExEld DCe| Annexin
V—fluorescein isothiocyanate (AnnexinV—FITC; ThermoFisher Scientific,
USA) ¢} propidium iodide (PI; Sigma)E @Mttt AXEZEL annexin V
binding bufferE o] &3t A2 3t ¥ Annexin—FITCE 2 pg/mlL 55EZ 3
7hatel 10 &<t A2 Ao oM RESAIZT o] % FAEZEA ] b
Aol PIE 0.25 pg/mLe 52 Agsqint. x9vbr] E4 2 918 o= ¢
H DCe| 1z A (Biotin labeled I-Ab, CD40, CD54, CD86 mAb; BD

Air

bioscience) & A g3t o]ojA 2z SAE streptavidin—conjugated
phytoerythrin (Strep—PE; BD bioscience) 2 A3ttt 258 =4S 9
I oFEA ¥ DC2 FITC—dextrang 25 pg/mLEE=E AHgst] F At &
HjeFataiet. wigell FRE AZ7bA F8skr] fldte]  trypsin—EDTA
solutions 20¥3F A# stk MMPO Z4E& flste] & Azl DCel
Rhodamine 123 solution 25 pg/mLe FX2 Agdte] 30% B¢ A2 o
Ao oA w22 M| AEEs CytoFLEX® flow cytometer

¢} CytExpert® softwareE ©]&3fo] 2435} }

ol
o

@

Ao EFHe AT 54
Tumor necrosis factor—a (TNF—«a)8 IL—12 Alo]EFIAIS] A
A3l7] 9138Fe] mouse ELISA kit (ThermoFisher Scientific)E o] &3to] &4



HA=JH (enzyme—linked immunosorbent assay; ELISA)E 2 A&t}
DCel DSF& Aelste] 3zt vjFet 5 A5 Ants Abg-stel ELISAC Abg-st
ATt AP ELISA7IEC Fod A3 HES wet 218 =gloh

i
°k= Azl¥ DCo FAdds=Es S4ot7] flste] sF°l% (allogenic) 9
HI M| 329 A oA wjFsl= Allogenic MLR(mixed leukocyte response) <
AAIEFE T DCE C57BL/6 vF-2ol A, BIZAAEZ= Balb/c vh-$-2ol A =&k
Gtk wieF 71ZF F<F DCe A< (maturation) &2 Q13 xS WX sl7]
28} mitomycin C= 50 pxg/mLe sE® 308 7+ AHgste] kst DCO
Aes AAAHT. d AFAY protocols Wl BIGMEE Fgsto] [6] 2
X 10° cell/mL? FEE , DC % HZ A dste] 4ot 54 F<t
Hjo¥st & CCK—-8 solutiong 2z} wellrlt} 10 p LA F7}13}

ol 4
% microplate leaderE AFE3}9] 450 nmolA SHEE =43}

TAEAH

CCK-8 assay, ELISA, MLR®] dlolH= Hv = ZFHEAE YeRglon
one way—ANOVA #4] % InStat (GraphPad Software Inc., USA) X =& 13
S 0] 839 Tukey—Kramer multiple conparison test® oA =15t

o} 0.05 "Rk p value® Zte A fFost Ao® AT *, o, xS
27y thxa 3 vl wake] p< 0.05, 0.01, 0.0019S vreRdlT,
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DSFo| DCE| A3 Ee] mlA= dF

DSFo] tiAtgA el dFS T4 FAst7] $lste] DColl DSFE 5ul At
8435t sz Asdt (0 ~ 5 uM). 0 ~ 1 uMe] s Zo|A: DSF9
A2 7F A= Wgltel] oAl s FA ddth (Fig. 1). kA% 5 1
M DSF &EelM = AxEGE7F 5384 daskln. olx= DSF7F DCo o
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Fig. 1. The activity of dendritic cells was affected by disulfiram.
Dendritic cells were seeded at a concentration of 1x10° cells /well in
96—well culture plates and treated with disulfiram for 3 days. CCK—8
assay was performed as described in Materials and Methods. Data are
expressed as mean E£SD. Significant difference is expressed as *p<0.05,
*%p<0.01, =***p<0.001 for a comparision of the control group and DSF

treated group.



DSFo] DC9 cell deathell w]x]= 93
DSFo] cell death, apoptosis, necrosis® FE3=%]2] oJF -5 F9l35tr] 9

stel DCeoll DSFE 58] Aes|dste] w28 E AHett (0 ~ 5 uM).

o

Annexin V-FITC/PI @9#& %3}9] early/late apoptosis, necrosis®] H]E
ool = cell death assayE A Y (Fig. 2A). 0 ~ 1 pMe] XA &=
DSFe 27} cell death W& ®W3}el] #F24Q F&F= F4 A3heh kA 5
uMe] DSF #EoA+= tiz73 vuwstS W early apoptosis (annexin
V+/ PI-) 8} late apoptosis (annexin V+/ PI+)¢] H|&o] F7lste= AS &<l
a9tk DSF7F of9Al cell deathell Q&S FEA Gotrr]  flske]
Rhodamine 123 solutions& ©]&3to] ¢k=A2ld DCE MMPE 7433t
(Fig. 2B). 5 uM &%=° DSF7} A2l¥ DC= i3 Blaste] 33% 4
MMP2E &elslitt. o] MMPS <+Xx|¥H3}+= cell death assay® x¥H3}
o} == Ayolrh

§2

il

Control DSF 0.008uM DSF 0.04pM
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Fig. 2A. The wviability of dendritic cells was decreased by disulfiram.

Dendritic cells were cultured with disulfiram for 2 days. The cells were



seeded at a concentration of 2x10° cells /well in 24—well culture plates
and stained with Annexin V—FITC/PI. The cells in quadrants indicates
necrosis (upper left), late apoptosis (upper right), viable (lower left)

and early apoptosis (lower right) cells.

Control DSF 0.2pM DSF 1pM DSF 5pM
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Fig. 2B. Disulfiram decreases mitochondrial membrane potential of
dendritic cells. Dendritic cells were seeded at a concentration of 1x10°
cells /well in 24—well culture plates and treated with disulfiram for 3
days. After 3 day treatment, the cells were stained with Rhodamine 123
solution and analyzed using flow cytometry as described in Materials
and Methods. The number of histogram indicates mean fluorescence

intensity.

DSFo] DCe #HntA Wy w2&= FIF

DSFe] AHzlo] w& DCO Axdxset SHYEE Uehdle xdntA o Wl
= A&t o2 Ag® DCol anti-MHC class II, CD40, CD54, CD86,
mAb®E gAste] §AZEA7|E BA5tHFig. 3). 0.008 - 0.2 tM EEe°
DSF+ MHC class I19] #&e] &S T2 AR 1 ~ 5 uM FEA &=
= (0 uM) ¥ vlaste] Ak 3 gRlskgity. CD403% CD549 Hde

1 uM3} 5 pM g=elX Aoz dasglty SulsAlE 0 ~ 5uMe B



DSF X704 CD862 wral2 W3tz ¢lolt}. o] Axf= DSFo] DCO A%
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Fig. 3. High concentration of disulfiram decreases the expression of
MHC class II, CD40, CD54 but not affected the expression of CDS86.
The cells were setup and treated as described in Fig.2B. After 3 day
treatment, the cells were stained for surface marker and analyzed using

flow cytometry as described in Materials and Methods. The number of



histogram indicates mean fluorescence intensity.

A7 $ske] okE A gl®l DCell FITC—dextrans
A gldte] wjekstdet. Al Mol HiE A%< 0 ~ 1 uMe DSF sX oA DC
H

Control DSF 0. 008;11\1 DSF 0. 04p.M DSF 0.2 p_NI DSF lpL{ DSF Spl\I

44941 42364 | . 43527 | o 38779
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i\

Fig. 4. Antigen uptake ability was decreased by high concentration of

e

FITC-Dextran -

disulfiram. Dendritic cells were setup and treated as described in Fig.2B.
FITC—Dextran was added for 2 hours and the cells were analyzed using
flow cytometry. The number of histogram indicates mean fluorescence

intensity.
DSF A#el 93 DC Ate]E7tl BAte] w3t

7] 9)38Fo] lipopolysaccharide (LPS)7} 9l Adxdo|x DCol DSFS A ¢
&3tk TNF—alpha AJAbg2 LPSO 5o #Agle]l 3t Hlwste] 5 p
M9 FEelA fFoHow FFastglnr (Fig. 5). IL—12 AAFFS LPS EAA]
DSFe A#lsxel w#ste] zHAstadtt (Fig. 5). 53] 5 uM ¥%°] DSF+=
w3t vluskls W IL—-12 Aol 54% HAad Z1e Felssith. ELISA
ol A¥, DColAe] IL-12 itz W37t TNF—alpha A=l WstE ot



DSFe] Aol o8 §FE o o] Wtk ol DSFZL DCE Aol £l
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Fig. 5. Cytokine (TNFa, IL12) production was decreased by Disulfiram.
Dendritic cells were treated with disulfiram in 96—well culture plates and the
culture supernatants were used for TNFa, IL12 ELISA. Data are mean =£SD
from four individual wells. Significant difference is expressed as *p<0.05,
**p<0.01, #***p<0.001 for a comparison of the control group and DSF

treated group.

DSFo| DCE] &A1l vA= 9T

DSFo| A 7|5l mx&= dFS dotr 7] £3t9] allogenic MLRS <
gate] CCK-8 assay® wAskolth ofEAel® DC& FFold el vgA s}
Ao 54zF wiekeksitt. MLRS A¥, 1 pM# 5 pM2] DSF XA DC2 &
AN 71 50] tzate] vlgte] A st (Fig. 6). o] A@A#=Z DSF7}

DCEl FAAN5E FaA7E g gelsherk
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Fig. 6. Antigen presenting ability was decreased by high concentration of
disulfiram. Dendritic cells of C57BL/6 mouse were treated with disulfiram for 3
days. Mitomycin C was added on the DSF treated DCs. Spleen cells of Balb/C
mouse were co—cultured with prepared DCs in the ratio of 20:1 (spleen cell:
2x10°% cells/mL, DC: 1x10° cells/mL). CCK—8 assay was performed after 5 day
incubation. Significant difference is expressed as #*p<0.05, =*x*p<0.01,
#%%xp<(0.001 for a comparison of the control group and DSF treated

group.

DCS A7AA¢l GM-CSF7t DSFe 54 wX& &3

DCellA DSFell 9J& ZAS a3t =+ Q= 845 gQlstr] Slsto] DCe
DSFo] H&¥ ArejoA] GM—-CSF %3+ anti—CD40 mAbE 7}t A g
¥ CCK-8 assay® wdto] DCO Ax&ddes SHe0 (Fig. 7). 494
¥}, GM—CSE7}F DCell "= DSFO] 545 #odor asr7= 2e &4l
sttt

—
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Fig. 7. Stimulation factor (GM—CSF) protects dendritic cells from toxicity of disulfiram.
Dendritic cells were seeded at a concentration of 1x10° cells /well in 96—well culture
plates. Each group was consisted of disulfiram only (control), disulfiram with GM—CSF,
disulfiram with CD40 ligand. CCK—8 assay was performed after 3 days. Significant
difference is expressed as =*p<0.05, =**p<0.01, =**xp<0.001 for a

comparison of the control group and stimulation factor treated group.
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Aol gz ARl A8HA oEel DSFol A AFanE
= o] v AT [14, 16, 18]. o]A AGo|A= DSFo] & HZ 372 FAH
MAATA S0l USe TASATH [4]. oo ¥ AToIA = DSFo| FUA

o

Alet AHA HAwrS3} cross—presentations TS A XS DColE =

., 5 uM®] DSF FXel4 DCe
cell death H]&°] 9% Z7}std=dl, v AMEe] 5 uMel DSFE A st o] d
AT A= 57% F7FsATh (31%—89%). wheka DC7F vl Al e H]s] DSF
S 9 & dAdes RS skt DSFS head and neck squamous cell
carcinoma cell line(FaDu and Hep2)e°l g3t A4d3o] =2 DSFS 2
uMel FreA Fanrt e Aex we gl [11]. websl, 1 uM DSF &
Lol BHEuAE BIES AT AxE SAAEVF A B ATEAAE g e
2 F5¢ v, DSFx= " 485 7H =+ Slas ov|sth

DSF9] M¥=54L unfolded protein response (UPR) signaling pathway 2}
Aol Aok [2]. DSF# g]o]&o] Aje DSF—Cu complex+ proteasome
inhibitor® #&-3}°] unfolded protein®] A o= AAEA] a1 M o
=AFE. AXE Yol =243 unfolded proteine X AXA AEHA

(endoplasmic reticulum stress; ER stress)E 5&AZ1td [3, 19]. ulz}A
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DSFe] Az&5Ade] J&

tlo
rlr

A= 2Rl MEE] FRel wet AE W e o]
&9 %7} ttE 7, UPR signaling pathways 43t 54 29 &4
£ 4 it} AARRIAF x—box binding protein—1 (XBP—-1)°¢] UPR
signaling pathwayS X43st= TR ERAZ 188 2 4 Ut XBP-12 DC9
At AFel gl dAard Aot [5]. F7FE, XBP-1+2 UPR signaling
pathway$} ER stress®] €3te] wxlstAl A@soldle]l ER HHS AL
ER stress® I A9 555 WA st [17].

GM~—-CSFE #H7lsto] EAA170 e A A3 et activation stimuli A3 2
A3, anti—CD40 mAb A 2|72 k& A2 H DCY AEUAIEEE7 6% 571
3 Wbd, GM-SCF& AZAEA T 13 % S7Fskith. GM—CSF&
DSFe MEEAHOZHE DCE HI3dts Aoz oA A3 Ay DCY

3t

}_.ﬁ

B8N Bl REQIAE DSFO] AlESE dlshs sl el las AlA
kit sHAINE, XBP-13 GM—CSFE %38 DCO| 444 Ato] o] a7
T oory e AA skth FF AT DCOl AR e FAIAE A
Si& Wl XBP—19] do] oAl Wgheh=x], i o] e WMsh o g

DC AE 715 GFL vIAEA 2AS Bes} Yk,
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