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Effect of Genistein on Apoptosis of T lymphocyte and
 Phagocytosis of Peritoneal Macrophage

Sun-Kyung Cho, Taek-Yul Lee, Dae-Keun Kim, Chan-Ho Oh¥, June-No So* and Jae-Soon Eun”
College of Pharmacy and *Division of Biotechnology, Woosuk University

Abstract — The effects of genistein on murine thymocytes for inducing apoptotic cell death and phagocytic activity of peri-
toneal macrophage were studied i vitro. Addition of genistein (10 and 50 uM) to cultured thymocytes from BALB/c mice
definitely promoted DNA fragmentation. Also, cytofluorometric analysis of these cells demonstrated a reduction in mito-
chondrial transmembrane potential (A¥m). But, repeated administration of genistein (1 mg/mouse/day) to mice for 7 days
did not cause any detectable DNA fragmentation. Genistein decreased lucigenin chemiluminescence and engulfment of flu-
orescein-conjugated E. coli particles in peritoneal macrophage. These results suggest that genistein induce an apoptosis of
thymocyte wia reduction in A¥m and decrease phagocytic activity of peritoneal macrophage in vitro.
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UBEE - & 2%l A& BF3= 6 7% BALB/Al T3
& s EEolA Fste], &= 20£2°C, 5% 50+5%,
dark/light 12A13H8) ZzislellA] 1 529 o)A A3 He| A1
F AMgsIglon, TARRSL B ANREA AFEEES siSith

Aok & 717] — Aol ARg-E Aok
modified Eagle's medium(DME), penicillin-streptomycin,
Dulbecco's phosphate buffered saline(DPBS-A), propidium
1odide(PI), Triton-X100, proteinase K, RNase A, MTT, ethidium

genistein, Dulbecco's
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bromide(EB), agarose, carbonylcyanide m-chlorophenylhydrazone
(mCICCP), lucigenin, zymosan-> Sigma Co., RPMI 1640, fetal
bovine serum(FBS)< Gibco Co., FITC-conjugated E. coli K-
12 bio-particles, 3,3-dihexyloxacarbocyanine iodide(DiOC )+
Molecular Probes Co.ollX 7418t AMG3lRom, 7]el Aloke
cell culture® & 15 AlokS ARESIGIT). AM7171= Microplate-
Reader(Dynatech MR5000), CO, incubator(Vision scientific
Co.), flow cytometer(Coulter EPICS-XL), Imagemaster VDS
(Pharmacia Biotech Co.), luminometer(Berthold 96LP),
inverted fluoromicroscope(Zeiss Co.) 5-& ARE3l%ich.

M| — 879 thymocytes &l Wysocki?® @ Mizel™?
59 v S o831t In vive AN BF 5 rlIE 1T
o2 3lo§ A% cytokine?] FHIE Z71%t 872! genistein
50 mgkgs 1Y 1318 73 AT7RE v, 84 BFE 3
FEgdte] DAY, &3 $4& DPBS-AE ¥ petr
dishollx] ZHA) E4fels FE stainless mesh® o33l A
Hfols 42 3, DPBS-AZ 23] Al&He tha(1,500 rpmeilA]
10 ¥7F YA4EE), thymocytes F-FHOZ 3ot &7
macrophage?] 2= A7 B}l 3% thioglycollate 2 miE
QlslL, 4 AF AFEFS TAAIT g, BT cold PBS
10 miE ¥o] EZMEE 33150 S8 BAMEE 4°C)
A} 1,300 rpm© 2 10 ¥7F AE 3t RPMI HiAIZ 23] A
2 % A7 120 mm petri disholl £5°519] CO, incubatorol A
HjoFA|7] 3, 2 AIE Fef] AR g2 AEE AAS o, F
25t macrophageZ cell scraper® E2i3l0] ARSI wixl=
RPMI 16405 AR&-3H31 o.m, wj=]ell= 10% FBS$} penicillin-
streptomycin(100 units/m/, 100 pg/m)e 7Isle] ARSI

HEMES &3 — ¥2)3 thymocytesS] AEH] v]A =
genistein®] YIS MTTHOZ S35 & g AR
MTTHE Mosmann®o] 7Hsle] Kotnik 520] W& A7) W+
Hoz 96well plate?] 2} wellol] #2]3t thymocyteE 242t
RPMI 1640 HjA 2 345} 96-well plateel] 1.2x10° cells/m!
X5 8 B53}1, genistein 1, 10 ¥ 50 uM F=F Z42F A2
%t 12 concanavalin A(Con A) 1 ug/mis 71815tk 37°Ce)
CO, incubatorol|A] 48A17t ¥jdgH Th, i 8 41]3F Aol
MTT Al2ke 713153k, vk 85, 0.IN-HClo &3irIX] 10%
SDS 100 We 7+ wellell 713kt 2R3 oA 18A1ZF o] )
o¥st & ubilgl 7} well®] 54%E microplate-reader® 570 nm
ol EF3 th2Te] FF= uigt AFTe FHEE 9
EF Ftste] Antsisict.

DNA fragmentation &% -FY43 WHoE wjgst
thymocytesE 1% 10° cells/m/2 ZA|31o eppendorf tubeol 1
miZ ¥ propidium iodide(10 pg/ml) 20 WE &334 4°Cell
A 30 ¥3F ¥3E N3 AL flow cytometer(excitation: 488 nm,

emission: 620 nm)E DNA fragmertation/Sub G1 pealk)<r &
Aatack?Y

Agarose gel electrophoresis &% - Thymocytesl] nuclear
lysis buffer 100 W(50 mM Ths-HCl, 0.:.% SDS, 10 mM EDTA,
pH 8.0)Z 713l MXZE L3lA7 &, 4%C0M 10 &3} LA]gt o}
+ 94152(16,000 rpm, 20%) U G AL FeldtAd
proteinase K(20 mg/m/) 3 w/ & RNase(10 mgm)) 3 uls: &
hslod 55°C water bathol|A] 2 Aj7+ wpeksli, 5M NaCl 20 w
¢} isopropyl alcohol 120 W& 713l 20°CellA] over-night A%
o} 941%-28](16,000 rpm, 15%)3t0] ¢35 A& AAS F TE
buffer 20 well €8iA1#A, 12 wWE F 3] 0.25% bromophenol
blue 3WE EFI thE, 10WE 1.2%WHN) agarose gel
(ethidium bromide )9l loadingdtx 2171%9%(30 volt, 120%-)
stk A7 9% % Imagemaster VDSEL AL 5 8lof
DNA ladderingS @&38} ) o] narker2i= lamda NDA
EcoRI Hind T digestE ARR3}3cHS

Mitochondrial transmembrane pctential (A¥m) &8 -
ThymocytesE RPMI 1640 WA & 3 i] ¥ & o}&, 1.2x10°
cells/mi2 ZA51 3,3-dihexyloxacarbocyanine iodide (DiOCg)
% HF557) 40 nMO] =S PBSell 3jXsle) FAEkL 37°C
ol 15 B7F 8-EAI7) thE flow cytorr eter(excitation: 488 nm,
emission: 525 nmm)E &3 3} .0, o'u] negative conTol 2+
uncoupling agent® carbonylcyanide m-chlorophenyl-hydrazone
(mCICCP) 50 uM& 7}sjo] & wpylo s S4sigint?)

Phagocytic activity %% — 2% macrophageE 2X10°
cellsyml7} ¥ 2 DME(without pheno red, 0.34 g/ NaHCOs,
26 gL HEPES, pH 72)o] #8154 Ao Agstgich
Lucigenin £919] A|ZE 10 m/9] DPBRS-A] £-a3k &, oiz}
H 7 3ko] -20°Coll A HAstHA ARE-3 5 thstock solution).
Lucigenin stock solution ARE3}7] Z|Ze] DME 8j=el| 1/10
2 3jsle] A3t Chemiluminescence 78+ luminometer
& o]g3ty] 3rCold EFeHH ™ 544 microplate
(white)2] 2} wellell ¥8]¥ macrophag: -7 50 Wg 53t
11, genistein 1, 10 ¥ 50 uME 27t X2]3te] 2 A|7h uljeFst
. lucigenin €9 50 W % zymosan €% 30 WE H7F3kA,
37°CollAl 15 #2F AXee F 5 £ WHFHOE 30 - T
lucigenin chemiluminescence %8 7383t}

Engulfment &% — FITC-conjugated E. coli particleS: HBSS
o 1 mgml 5% HFEAA sonificationdt F AME3IS 0,
trypan blue:= citrate buffer(pH 4.4)°l 250 pg/ml FEZ 23]
slo] ALE3l9T). £2]3F macrophageE RPMIL640 W22 1X
10° cellym! I 55 24 F, 100 plg 96 welld] 5311
E. coli @59 25 wgE 718t 1 A7 54 wjeket ok wiek
NS A AL extracellular fluorescence S A $3
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trypan blue 100 W& #7}3tod inverted fluoromicroscope 32
AFsn

EAXME] - BE A8 A%ES meant SEE VUERISIY %)
x2]= Student's -testE AAElo] p<0.05% 7|E0E Fo4
AHE ggsisich.

dEEd o uE

Thymocytes®| MZEE0| O|XI= E2 ~In vitro AF oAM=
%79 thymocyteso] T cell mitogeng! concanavalin A(Con
AE HTEHA] ks W] AZASEE 100%2 S o,
Con AZ XeJatle o AZAEHS 132312.9%2 78I
o genistein 1, 10 & 50 uMS 228k Con AR 715191
& o) MEYZEL 27t 1280120, 914724 H 77.9+2.2%
Z 10 uM o] FEM Con AZ #]dh taro] vls] Al
EAEE0] ZadttHTable D. o2t Ao HRDo)A]
genisteins 715 31998 uw T-lymphocyted] 540 F315]
%31, yinterferon ¥ interleukin-22] ¥1)7} Z71Echs A3
9} Bl SRS ¢, genisteing ATE FoI8IlS wv A4
A 02 lymphocytesoll Z-48}A] 9Fal, THE target celld FH
3] lymphocytesell A o2 &gkl Sle& AlA: A
oz} & 4= Utk w8, Wang® & in vitroAloIA lymphocyted]
AZEEE daidzein S7MA714, genistein B3-S TR o=
tha B uslgAgh, AR genistein®] F%7F AFE(10 uM ©]
3helA L, & APl ARgSt B27F IEFE5A0 pM o3l
7] wiiel g zjolef Qs Aaet FET

Thymocyte?] DNA fragmentationdl| O|Xl= &2} - In vitro
A E o)A genistein® A A] thymocytes &£ 747}
apoptosisell 71918 ZQI/HE #R1el7] fI3ted, oli: AlxEe] o
3t DNA fragmentation$- flow cytometer® Z33}3c}. it
©] DNA fragmentation 14.4+1.7% ©]3124}, genistein 1, 10
9l 50 UM A 3l9-& W= 176113, 370128 H 62.1+
2.1%2 10 uM o}Are] %0]A DNA fragmentation®] Z7}a}

Table I — Effect of genistein on cell viability in murine thymocytes iz

vitro
Samples Dose (uM) Cell viahility (%)
Control - 100.0 £ 2.4
Control + Con A - 1323 = 2.9
Genistein + Con A 1 128.0 = 2.0
Genistein + Con A 10 914 £ 24*
Genistein + Con A 50 77.9 = 2.2%

The cells (1.2 X 10° cells/ml) were cultured for 48 h mixed with
concanavalin A (Con A) and the cell viability was measured with
MTT method. The data represents the mean =SE from 3
experiments. Control; Con A non-treated group.

*: Significantly different from Con A-treated control group (p<0.001).
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Fig. 1-Effect of genistein on DNA fragmentation in murine
thymocytes i witro. The cells were lysed in a hypotonic
solution with propidium iodide and DNA fragmentation was
analysed by a flow cytometry. The data represents the
mean = SE from 3 experiments.

*: Significantly different from control group (p<0.001).

1234

Fig. 2 — Agarose gel electrophoresis pattern of DNA in a murine
thymocytes. Genomic DNA was then purified and subjected
to gel electrophoresis. DNA was electrophoresed in a 1.2%
agarose gel, stained with ethidium bromide, and photographed
by UV illumination. Lane 1; Control, Lane 2; Genistein 1
UM, Lane 3; Genistein 10 uM, Lane 4; Genistein 50 pM.
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Table II — Effect of the administration of genistein on DNA fragmentation
in murine thymocytes

Samples DNA Fragmentation (%)
Control 122 = 1.1
Genistein 134 £ 1.2

Genistein (50 mg/kg) was administered p.o. once a day for 7 days
and the separated thymocytes were lysed in a hypotonic solution
with propidium iodide and DNA fragmentation was analysed with
a flow cytometry. The data represents the mean +SE from 5
mice.

of|AMi= genistein®] thymocytes®] apoptosisE F-T38H<] a2
oJu]ah= Axjolr}, o]2)§t AI= genistein®| topoisomerase-
IIE- 9A5}¢] immature human thymocytes2] apoptosis® =
$Th= McCabed] ¥a®Vele T3 Ase} & 5= ok, In vivo
A&l genistein 50 mgkg FHAlo= thymocytes®] apoptosis
7} FEEA] sk ont, w57 57V apoptosis7t - EE
5 Q7] wiEe] g3l w2 st 5 AFEoor & Aolt)
ol2i3t A¥AIP= genistein®] TS WAIFES] apeptosisE &
L3k Zgol ok B899l nwall e ), genisteind ¢
A 2B ollg} A ZQ T lymphocytes®] apoptosisE F+
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Fig. 3 —Effect of genistein on mitochondrial transmembrane potential
in murine thymocytes in vitro. The cells were stained with
DiOCy (40 nM). As a control, cells were incabated with
mCICCP (50 uM), uncoupling agent that complitely abolishes
mitochondrial transmembrane potential. The data represents
the mean *= SE from 3 experiments.
*; Significantly different from control group (*; p<0.01,
#%. p<0.001).

do] U AlAKR= Aot}

Thymocyte®] mitochondrial traismembrane potential
(A¥mP| O|Rl= Z3}F - A ololA] A EAL] Bl i
SAIARL 2497} Q)= £8] mitochor drizl®} swelling?] 2lolLt
7] AgAl] AYme] 7HAr AEEo] ¢lojuis ZleZ odeiA] S
O g 279 A¥me 76.6=2.0% ©]<). 21}, genistein 1, 10 2
50 uME X3l e v 726222, 62227 1 46.0+£2.8%5
10 uM o]4e] FENA A¥me] 7HA3HITHFig. 3). o1 A=
genistein®| thymocytes®] apoptosisis +-581= Ao APmE 7+
2A1A thymocyte®] apoptosisE F58EE S-S AR Zloluh.

22} macrophage2| phagocytic activity0l O|X|&= 3} -
Chemiluminescence(CL)}S phagocytosis7} R &&= F-oF B4
=+ oxygen radicalel] 23l AES, lucigenindl] 28l 71w
= 2oz aded Uth? In vt AN R 27
macrophage©l] genistein 1, 10 ¥ 50 uM:2 X231 wl, CL
< genistein 1 pMele tizz 8 2jl7h ¢igloy, 10 uM
olde] T FEYEH T CLo] ZA43MtHFg. 4). =
g, FITC-conjugated E. coli particles* ©]-€3ld S4Hu|F o
2 E7} macrophageol uptake®):= varticleS #EHE AT
genistein 10 uM ©]/4+2] FX oA vz B8 particle?)
uptake’} ZAaghs SRISICHFg. 5). °] A= genistein®] in
vitroolX] macrophage?] B2 21#18}% non-specific immunity
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Fig. 4 - Effect of genistein on lucigenin chemiluminescence in
murine peritoneal macrophages i# vit7o. The cells (2 X 10°
cells/ml) were cultured in DME :nedia (without phenol red)
mixed with opsonized zymosan 2h after was cultured with
genistein (1, 10 and 50 uM). The chemiluminescence was
measured for 30 min with luminometer. Each bar represents
the mean = SE of 3 experimets.

*; Significantly different from control group (*; p<0.05,
##: p<0.01, **% p<0.001).
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Fig. 5 — Photomicrographs of the engulfment of FITC-conjugated E. coli particles in peritoneal macrophages obtained from genistein-treated
mice i vitro. Photographs (taken at 200 X magnification) showing the uptake of FITC-conjugated E. coli particles in control (A) and
treated with genistein 1 M (B), 10 uM (C) and 50 uM (D). The macrophages were observed with an inverted fluoremicroscope.
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