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Effects of Bucillamine on the Function of Human B Cell and T Cell

Sung-Hwan Park, Soon-Ja Lim*, Jun-Ki Min, Jae-Ho Park,
Yeon-Sik Hong, Sang-Heon Lee, Chul-Soo Cho, Ho-Youn Kim

Department of Internal Medicine, Catholic University Medical College,
Kangnam St. Mary's Hospital, #505, Banpo-Dong, Seocho-Ku, 137-040

Objective : Bucillamine(N-(2-mercapto-2-methylpropionyl) -L-cysteine) (BUC) is
a thiol compound that differs from D-pencillamine (DPC) in that it contains two
free sulfhydryl groups. Clinical trials have suggested that the efficacy of BUC
in rheumatoid arthritis(RA) is as effective as DPC, but the mechanism of
action remains unclear. We therefore examined the effects of BUC on the in
vitro function of human B cell and T cell in comparision to those of DPC.
Methods : The effect of BUC and DPC on Staphylococcus aureus Cowan
1(SAC) induced IgM production by B cells from 11 healthy donors was exam-
ined. Phytohemagglutinin (PHA) induced proliferation and Interferon-r{(IFN-r)
and Interleukin-2 (IL-2) production by T cells was also examined.

Results : BUC and BUC-ID(SA981) suppressed the production of IgM at con-
centration of 0.1-100 ug/ml, whereas DPC suppressed at concentration of 100
ug/ml. BUC and DPC inhibited PHA induced DNA synthesis of peripheral blood
mononuclear cells(PBMCs) and T cell in a dose-dependent manner. DPC (10
ug/ml) significantly suppresed IFN-r production by PHA-stimulated T cells, but
not, suppressed IL-2 production, whereas BUC(10 ug/ml) not significantly sup-
pressed IFN-r and IL-2

production.

Conclusion : BUC has immunosuppressive effects inhibiting the function of B
cells and T cell proliferation, whereas the action of DPC is targeted at T lym-
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phocytes. BUC may be effective in rheumatoid factor positive RA patients who
have not responded to treatment with DPC.
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Bucillamine< 2hjel 2 7§12} thiol(SH)7] &
247 3 cysteine FEHZ d-penicillamine}
gad Fx7F FAFE 3[/olElA FE (disease
modifying antirheumatic drug, DMARD); 2|
JdZo|t}’. 228y} bucillamine®| Frielx AAEH
o] 835l 7142 d-penicillamine = HE A
o2 Hudn Y. F, FriEL {EEe 4
grdel collagen induced adjuvent arthritis
oA d-penicillamine®] &#7} gle ¥4 bucil-
lamine< AFA T HFFR 23] TS YAt

4212 e,

g FulelA FEL v|AHRZo|=A] A v
2& Holx] g BAlolN AR FAS &3}
N7n #EE FE28F e FEE EEA JA™
O A7) A, FE9] AREAl7| 9} ALR-7]EFel 8l
Ae HE3sHA 9 A]A] &t v {olElA
#Age] 7o QoM FE A"l HIZ AT
gRrlelx SFES ¥ A f‘*?]ﬂ*ﬂ AlZStA Y, 2
1A, = Al F st EHFelE &
UdEo] H3tawlS AA 0}31 J»J\E:}-‘ﬂ Y =V B
Folel & 5o 87| He] Y3t dFe o= MY
o] e oo =r}

bucillamine 9 &FrelElx 28 7)1 dig &
T Wy zHo e F4HCZ s it}
% dalte] 7%l digk FdFS &7] ffE AER
WellX B, Td3t7+ol W3t bucillamine ] &35
384 Fx7} #AHE d-penicillamine 2| H|a
A7t Aag o] gtout I HE3 7|H-E HEAA|
el

E Ao A= bucillamine ¥ 2 A} =491
SA 981 2] AlgIhfjelA T ME 9 B A|E 7]5l
g M x| g3E FEHoR uRle ¥
M ZHsle] DPC ¢ vlngte gz Aug =4 %

]
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1. MEZELe| 2|

A73 AYa 115z -‘%‘—H
heparinized venous blood =

A T u e

Ficoll-hypaque
(Pharmacia, Pisca-taway, NJ, Sweden) & A}
£3td 2000 rpm, 180CelAl 30&3F YA &g
ot £2l¥ PBMC (peripheral blood mononu-
clear cells)= 5 mM L-leucine methylester
HCL (Sigma, ST. louis, Mo, U.S.A.) & A&
3l monocytes ¢+ natural killer (NK) cellsS
AAZE, 9 AEFS RPMI 1640 (Gibceo,
Grand Island, NY, U.S.A.) ulkjo=2 23] A
g th& 4%-Aminoethylisothiouronium
(AET) -treated sheep RBC (Korea media co.,
Korea) ¢+ &4 ve¥sld Ficoll-hypaque gradi-
ents2 YL} rosettes AT AEXFT 9
FIHYTE FHTE £8AZ F nylon-wool col-
umn< EHAZIT} rosetted FASHA ¥ AE
Z (non-T Al¥)2 4 % AET-SRBCE tA] A{e]
3l Ficoll-hypaque gradients & HU4lEEAA
Rajo] T AEXE A|ASG, HFZHoE A2 T A
T 2 non-T AEFS 242z CD3 monoclonal
antibody, CD20 monoclonal antibody & ©]&
gk flow cytometry (Beton Dickinson,
Oxnard, CA, U.S.A.) ®4elA 90 % °lId &
AYdSE AR

2. IgM MM R=E et B Mze| Bl

22]d B AX (5x104/well) & 96-well U-
bottom microtiter plate (Costar Co.,
Cambrige, U.S.A.)°lA Santen pharmaceuti-
cal Co. (Osaka, Japan)°lr AT bucil-
lamine((BUC), 0, 1, 10, 100 we/ml) 3 SA-
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981 (0, 0.1, 1, 10 ug/ml), Sigma AlellA] T4
¢t d-penicillamine( (DPC), 0, 1, 10, 100 wg/
mi) 3 ¥k A7l F staphylococcus aureus
cowan (SAC, Sigma)<= 1 : 70 ug/ml *2]s}
370C, 5% CO2 ¥lg71A CuSod (5 we/ml) 7}
4718 10% FBS, RPMI-1640 vjfde= 10 o
b e, g Y-S FHE AFARA
-200Cel|A] B33},

3. IgM 2 &H

[eM 9 =%-& Hirohata 10)59 ¥hi2 o]&
stlem okE3stH o232 Ztl, Phosphate-
buffered saline (PBS), pH 7.2 ©] anti-
human IgM F(ab")2 fragment (20 ug/ml :
Jackson ImmunoResearch, West Grove, PV,
U.S.A.) 50 ul€ 96-well T-bottomed
microtiter plates (Nune, Roskilde, Denmark)
of =35t 40CelA 16-18 AlZF wa)dF & 21719
PBS=® AW MH3c}k 10 % bovine serum
albumin (BSA) 100 ulZ 7}sle] ALoA] 3417k
30+ WA & PBSE 3 MFH@TH 1% BSA 7F
EEE PBS 2 Mg ol Ay (1: 257 %
T« IgM (Jackson ImmunoResearch) ZaZ
50ul 7}k & 370C ©llA 1 A]Zr ¥HA)3F & PRS =
A Al H 3, M3 3 PBS-BSAR 34 1 :
2000) € peroxidase conjugated F(ab’)2 frag-
ment goat anti-human IgM (Jackson
ImmunoResearch) €92 50 ul 7}8t % 40C9)
A 16-18A1F WA %t). z wellel o-phenylene-
diamine (OPD ; 0.2 mg/ml) 7]d £92 7}sl
4 6 N H2S04 §9og FAu3e Z)A)7] o
w 490 nmeolA EFF%7A (Titertek ELISA
reader) 2 F¥EZS (A490)E =38}

4. H=E g cheizrel T Qulqtol mitogen A}

=HSol et &3}

PBMC#2} T-cell (1x105 cells/well) = CuSO4
(5 we/ml) 7} U+ AHolA PBMCESanten
pharmaceutical Co. (Osaka, Japan)ol|A] ]2
+ bucillamine ((BUC), 0, 10, 25, 50, 100 us/
mt) 2 SA-981 (0, 0.1, 1, 10 ug/ml), Sigma

Atell A 913 d-penicillamine( (DPC), 0, 10,
25, 50, 100 we/m)<, THEE BUC (0, 19
100 wg/ml), DPC (0, 10, 100 wg/mi) 7} AT )
Fel AFF3Id 3T0ColA 1417t wkx]glc) 4}
F M Fdg oz FH 4 H Gy
Phytohemagglutinin( (PHA), Sigma, St
Louis, MO, U.S.A.) 25ug/ml & Azle}o -
bottomed microtiter plate (1x105 cells/well)e
MRS, 72 Al ¥l¥$E 3H-thymidine (1
uCi/well ; NEN, Boston, MA, U.S.A.)< 7
st -counter (Pacard, Downers groves, IL,
U.S. A)E AZsto AE9 proliferation A2
ZARIT cytokine °f] tidt 9L =AY 94
96AI1 MFE FHAE S IL-2, [FN-r
ELISA kit (R & D, Minneapolis, MN,
U.S.A)E °| 83l %48 ¥xo m ztz}g
cytokine < &% 3y,

Z I

. B 29| IgM Aol chsl bucillamine 9
k=ani

T

bucillamine (BUC) 2] B A3 i3t 3 =
AbtE 2 &3Z d-penicillamine (DPC) 3 vz
87] 9181 0, 1, 10, 100 ug/ml & %< BUC,
DPC # bucillamine ™A} 754|911 SA-981
= CUSO4 (5ug/ml) ZA)stel] 10 L3t wjks =
B IgM Fx& Fig. 13 2o} = <kl %57}
7l wet IgM Aol Ay} Zr)ee o
Utk DPC ¢ vlaw@dw BUC & 1 ug/ml 9
FEolA FE [gMAAel oA E3r) EAZHC
reldhAl #FAEY D, BUC tiAF =491 SA98]
<= 0.1 ug/ml 9 XA 25 IgM A4l 94
J371 #EE7) A2skE T

2. PHA A}=0 2 U= chef2 Az 2l T 2lg
-+ &40l CHst bucillamine2| &1}

BUC % DPC (0. 10, 25, 50, 100 ug/ml),
SA-981 (0, 0.1, 1, 10 ug/ml) 9] HE& Pwx¢
AT Axet AAXFE, PHA AFd o2 Hx F
Aol gk fEe] ARE vnd Fdn o2 it
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| Fig. 1, Dose-dependent inhibition
12 7 N —®— BUC of in vitro production of
—°— DPC IgM by D-penicillamine
. T SA-981 (DPC), bucillamine (BUC)
g — _ and bucillamine intramo-

lecular disulfide (SA-981).
* B cells(5x10"/well) were
* * stimulated with SAC in
6 — * - the presence of CuSO,(5
* ug/ml). Various concen-
% trations of DPC, BUC or
SA-981 were added. Af-
i | | | ! ' | ! ter 10days of incubation,
0 1 10 100 O 01 1 10 the supematants were
harvested and assayed for
IgM content by ELISA.
Each point represents the
mean SEM of 11 samples.
Student’s t test of each
point was performed by
comparison withe the con-
trol. *:p<0.05

igMl Production (ug/ml)

Concentration of inhibitors (ug/ml)

Fig, 2. Dose-dependent inhibition

a) T cell b)PBMC
—o— BUC of PHA induced response
35 — o5 — - —a— SA.981 of human peripheral T
—o— pPC cell(a) and mononuclear
30 - 20 — }_ = cell(PBNC, b) by bucil-
\I lamine, D-penicillamine

E b
% 25 \ = 5‘\ N and SA-981.
S 20 10 - -
£ 15 - 5 - ¥ -
x
I ! | | [ | [ [ 1 T 1
0 10 100 0 10 25 50 100 0 0.11 10

ua/mi

Zrlbo] wel M =2le] oA Y} Zrtske 3. BUC T DPC7F T umbFel IL-2 % IFN-r 44

27% BT (Fig. 2-b). BUC 2 DPC (0. 10, Mol ojals d

100 ug/ml) ° ¥=S T A AXAF, PHA

Aol wE A FE F2o] ik FEe] THE v BUC 2 DPC & AX 37142 10, 100 ug/ml

# A3} o2 wus} Zobge] weh AT 229 o H2FE PHA ATl i@ IL-2 449 Aol & 24

A TRt Zrbeke A0S BATHRIg 2-a). 3 A3 SARCE 98 Aol BBEA it}
(Table 1). BUC ¥%xe°l ©2& IFN-r2] A4l &
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Table 1, Effects of T cell production of IL-2 and IFN-¥ by DPC and BUC

BUC= €294 iy

Drug Cytokine Concentrations o] dE gl ol A Fo}
A~ 3} ARy =

0 ug/ml 10 ug/ml 100 ug/ml He 23d E2E dye
2 94 49e 449 2

bucillamine IL-2 569.8+8.4 547.6+21.5 532.6+22. 7 2 =olgl . g o &
(BUC) IFN-y 522.6+34. 3 425.5+97.1 252.8+38.1* * Tr_ FEl= 244 A
e go] E3HoB Ra}bgo)

d-penicillamine IL-2 003.1+£34.7 506.8+43.1 487.4+48. 1 WZH Mo kA3l oks
(DPC) IFN-y 441.1+51.3 254.5+30.7*°  196.5+21.9 WA A2 HAY ez
H-_?—Q:ﬂ_ ?l‘:'l_l:.z.lll' _-%__E'_-l

*p<0.05

2% 100 ug/ml F=o4 #&AHYD, DPC & 10
ug/ml 9] XA FE IFN-r9 Ao 5AAHL
2 o 3tA 44235t (Table 1).
LA,

FrlEl 2 #4Yg (rheumatoid arthritis, RA)
g9t 22 9] TRGAQ dF5o 2 A3 A vy}
AR AZo|n o7lde A8 FFe] HAEHH
°]’4 (immunological abnormalities)©] Zo°]
glo] A, RA2 Hd& thEE4 BAHX9
iﬁ# ob&2] T ‘%‘:lj]:rq 71%50]de] &R
ATh = BAIES] 7)%50|/d 22 A3 A7k 24
rheumatoid factor7} SAHC2 ZHEH1n, AY
2287 50| H|5o|H o FriEo] glon, Fg
THI 2 monocyteolA] A4 BHlE & d3|FF
o] cytokine F°l AAH, & HHHo= We7)A
of #ojste HLeE dHA Ut} Bucillamine
(BUC) ¢} d-penicillamine (DPC) £ immuno-
modulator 24 T 9 B 3T thgt A=A
ZHg-g YEE ol59] ofe]age Ao FAMgE A
o= A gt 22y, #H2 rat o A2¥ col-
lagenfr= #A G4 BUCe] DPCo+e th2A &
"‘ﬂl et o] F4] oAlFT F ga32 YeER)

T d31e] 7150 A= DPCe A <
Rﬂfifﬂ-“ vepd Egtopdel, o tiARME Fo s}
LRl SA-981 (intramolecular disulfide form)<
dAdste DPCHEY Ztesln =53 WA 4
o] ¥3ldo| HuEwA BUC #7244 FAH)
) DPC ¢te Y& #8713 Zezez XA
jl 5]"11:?’_3.5'9.11'153.

al}! ol J]iﬂ Mo

g
2]

°F=o| F37} HlmA zy)
o] Jel}z] Alzkste gli
T 70E olujo] EF7} YElyes Ae® HuHy

5

2 A¥dA B d3F 7lFel WHE BUC @
DPC 9 "H9A a5 A7) 8] SAC A=
F 7= IgM AAe] JAERE AR Ans
Hirchata %79 Z3le}l o} A2 Cusod Z3)
stoflAl BUC, DPC B <FA2] F&7} Z7}3 )
oel [gM Aol A E37t =748ttt CuSod
5 ug/ml EA 3] IgM A9 AJA #AIFE
SA981 3 BUCE DPCe+= 23] ztz}t of58a e
2 9r3le T2 €23 0.1 ug/ml, lug/ml
FTroA FAACRE onRle A a7y} BEE o
AAdelA DPC Btk B g3 ¥ oA 7)1%
of do] AHTZ FHE & Yot E3FF Hirohata”
5°| BYaFe] wjuR]o] CuSods H7}etA &
3 DPC ¥t A2l 2 dolle IgM AAe] A&
7t AR R gdths B3E BUC?E DPC 2
B mte] Hg A7) 5o o] FAgcie ARLE
A| R3] FT

BUC, BUC 9] disulfide @#]2l SA981, DPC
25 CuS04 E£AstellA PHAS 98 f =8 2%
g T3l o] DNA FA2 7zt kAo &3ko] &7}
ol wet JAle] FEr7E SR °olE A9
T d3972] Bg A 75 digt a3= AuHy|
Al APt Aol = <fA| Fxo] Frlo) w2 T
ME2] PHA A5l g DNA 49 A GA
%7Fsl= dose dependent manner & A7} &
ZE|E, T Alxe] F2] JA¢ F-E A= #
7] 913l BUC, DPC Ag]¥ TAxe] IL-2, IFN-r
o Ade S FARE A3 BUC, DPC &5 100
ug/ml °llA IL-2 AAite] JA|ade SAHE F
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o)zt zto|7} FAFHAT IFN-r & DPC clAe
10 ug/ml A FE A JA7F FAHCSE #
o)t zlo]S HA oy BUCE 100 ug/mlol|A #2
ok, & gEgAHo=z 9ule FXe BUC,
DPC B5 CuSO4ZAstol|A TAES] F24 AR
g AR FulEA BEEY] G50 #A3)
L [FN-r 9 9A&3t= DPC oA gt #akg] ot
Hashimoto®5-<& 30 ug/ml 2 BUC % SA98]
o] THIES] IL-2 A4t JAZH7} S5 E33t
ARE oA T2 435 BIAT dutdo g E
oz ougle FEQ 0.1-5 ug/ml <Ae
[L-2 Aake] A &7t g Aoz Had
Hirohata” 2] R3yele AX|sHTE o] Az} Zo
2 A%o] A3 BUCE gESHCZ ougle ¥
529 10 ug/ml °l3te] FX=ollA CuSO4 EA)|s}el
B 4372] IgM A4k JAsls PHA® 93]
H TH XS JAE JAzle A7t Ue= € T
1=

Hashimoto 572 bucillamine ©] T A¥ =2
o] Z83st= Al7IE A7) 3] vl SFAIZE, wlt
3 04117t 48A172FE BUC HAE T A|E2| 32
Az] &S AR A3 vk AlZF Al7]e] BUC
ATl 7Hg B2 oA &3yl #F=o] BUC
© T Al ¥kge] H|w3d Z7|dA 0 8=
2 H33lglc. T3 SA981 € 30 ug/mle %
oNA Aol AEol] JES W|A|R] Fom, 3|
AlZlo] ek WA = ACE HIsHA FE2
H| 5ol =4 ¥kl oJ3F T AMXe] F2] i &
T} opd-S FAEH T TL-2 Al4tel SlojA BUC
© CuSO4 FAstelA oA A7t F7FsHA,
SA 981 2 CuS04 ¢ 3= o2 23 IL-2 9
A Bzt S7ksle A= g8l Aok 2y
BUC, BUC-ID ¢ &3 %2 1 ug/ml °lA
t [L-2 AAe 9a] &3+ glen DPC + 10
ug/ ml oA oA E3rl FAHE A= HiE
ATF?  Hirohata < 3 ug/ml v%2 DPC 9
Al T dat#9] IFN-r o AAd9A7F #as ARk
SA 981 € 0.3 ug/ml ©lA IgM A &3 #
FHA T IFN-r ol 93] gle A2 EuskR
o

T3 Akamatsu’S< BUC £ BUC-ID & %

sl DPC 9] Z-87]A3= @2 CuS04 fi°l= T
A3, BYSTe] oA EHE JeERH catalase
of o3l HA &7} HEAERR] eke EAo] 9lee
TESIUT. o= DPC 9 F28 7172 T Y+
oA IL-2, IFN-r o AAS JAele] T A Eo
7%= YGAIste, helper T AlE9 7% A2 =
gk 2P AR MY 2 8- x|k zlo)7) AL
= AlARIETH

2820 % BUC © d28AHo= nmgles &
AA AN A DPCe FARE THIE oA B3]
X tAIF=A] (intramolecular disulfide) <l
SA981 & B3l B Alxe] dAlar} 9128 &
T Aot mEtA DPC o BESSHA] & FuleElx
A4 IAF B 4979 A3z A3 FulgElx
AAZ} F4Q1 BAte] X8 H-&84 32 A=
Az} E )

. ok

AT ZA: bucillamine 9 ¥FvlE]lx FE 7]
AL 47| 3k bucillamine (BUC) 3 2 thA}
=A<l (BUC-ID, SA 981) & T 99+ B ¢
37o] 7|5l it AlE3TY AHE FEHO=E
op|e FEAA F435lY d-penicillamine
(DPC) o] &3 s} vmgto2M WY x4 28A)e
o] el thall AmE AL siTh R 14 A
AL 11 e X Q¥ FoA B, T Y372 £
¥ Staphylococcus aureus Cowan 1 (SAC) A
o] gk IgM A4t 2 Phytohemagglutinin
(PHA) A=rell tig T AlXZe] F243} Interferon-
r(IEN-r) % Interleukin-2 (IL-2) AJakel] ot
BUC 2 SA-981 9 ®AI}E FAlsIsTh A3
BUC, DPC E5% %Al F&7} F718 o
IgM Aol A A a7} F71skdrt. IgM A
Aol oA A3= SA981 I BUC = DPC &=
ga Zz FEFHoz r|ge T2 dA
0.1 ug/ml, lug/ml oA BAHSZE 9r|3le ¥
AE37 B3AEAT. BUC, DPC 8 &E %7}
Z7)35to| wet PHAAS | gk T AlXE 35249 o
A ZH7F =7k 2742 B9t DPC £ 10
ug/ml & FE=oA IFN-r & AiAA 537} &

S=Lelie—
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AHo 2 frelalA &3 =7 AlEsksd ey IL-2 A
Al 94 gko] glith BUCE 10 ug/ml ¢ 5%
oM ITFN-r 2 IL-2 A4l dgko] AT A&
BUCE T ¢33+ F24l9 A a3 Ho= DPC
¢} FAFSHAIRE, intramolecular disulfide EjQl
SA981 = &3l AA A DPC Hr} B Al¥Ee
" AA 7)F0l FHe] AAFTS FHE 4= Uk o
2gtA DPCell ¥Fg-3lr] &+ RA 23 B a4
443tz QIg FulElx 1A} 949l kate] x) o
E=gol H 4 30& A= JgEn

21 F 4
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