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Bacillus anthracis is a gram-positive, aerobic, spore forming, and rod-shaped bacterium. Anthrax spores are introduced
into macrophage by phagocytosis and multiply after germination. The anthrax spores infected in macrophage produce
lethal toxin eventually caused cell death. In this study, we analyzed apoptosis and cytokine TNF-a and IL-12 secretion
after the infection of spores of B. anthracis Sterne in the murine macrophage RAW264.7 cells and in the primary human
macrophages. In murine macrophage RAW264.7 cells infected by spore of B. anthracis Sterne, the cells were markedly
changed in secretion of TNF-a (482~6,213 pg/ml) by lethal toxin, and induced apoptosis. In case of RAW264.7 cells
infected by formalin-inactivated spores of B. anthracis, the cells were not able to produce lethal toxin, which released
lower level concentration of TNF-a (7.7~97.2 pg/ml), and rarely induced apoptosis. When primary human macrophage
cells infected with spores of B. anthracis Sterne, they secreted TNF-a (5~16 pg/ml), and induced apoptosis about 1% of
total cells. We presented that inducing apoptosis by spores of B. anthracis Sterne capable of expressing lethal toxin is
related with the secretion of TNF-o in murine macrophage RAW?264.7 cells. These studies revealed that human and
murine macrophages has affected differently by anthrax lethal toxin produced by spores of B. anthracis Sterne.

Key Words: Bacillus anthracis Sterne, Spores, Murine macrophage RAW264.7 cells, Human macrophage, Tumor
necrosis factor alpha (TNF-a), Interleukin-12
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o oJsle] M N2 5017} AE=F (endosome)S FAJ 3]
A= W] pH7E SobAAl w9 Flep o] 27} wskst
Al HaL, BEaaet ARk AE AEAR o]Fa Ht (2).
A Arte e ol oA il TR asE oy
A St (16). FAA dHR AAEe A AlE W 7]
mitogen-activated protein kinase kinases (Meks)% Mek 55 A
213k th7he] Meks (Mek 1~Mek 7)2] N-ZeHe Huksl= A
ow AHA vk (4, 32). vk AARE A Aol Q)
A & Aol e dAAE 25 XALa Aol 93]
Meks®] N-Eito] 7H=5]7] wZoll Meks®] Heto] o2

AES] Abel] 4729 Agho] Sl Ao Bold etk

F S el B st Aok w4 AR
2 71AE oFlEl] $13l theke AT o] A% E
o} B4 XAHEA7F A2E Ao A EH|EE Aol
7iRlell gk At WAl el theket AvkE Hof Fa1
AT} (Table 1). Table 161A4] Hzo] ARG-gh BEA] X]|AL549
T gl ATl mel EejEvial BaE Alo|Eb
¢19] oFato] thEt} 2 Hanna 5 (11)2 AF hAAEQ
RAW264.7 A|Zol| oFFA} (sublytic) 59 XAFEAS A
S 7% tumor necrosis factor alpha (TNF-0)¢} interleukin-1
beta (IL-1B)7} #-H]¥ v}l B3kt 12]v} Erwin 5 (7)
2 AF A oltAL 5 (10°° pgml)e] AAHEAE
A s o 23] Afe|ERIe] Hu|7t oAl &3
t}. 53 Moayeri 5 (21)2 Al 100 pge] AAFSAZS A
3lE W IL-1p= F7F8k oL, TNF-09] #H|Zoll= ¥
sz} givkar sk A3E A MEE A-8-3F Popov 5 (25)
2 AAEAE AYste AF diMEel= g QI3 o)
HAEZF FA4] 07] w22 AAHIEAA L Fol whet
AARg 2] tigk w0l thEA U = Ud5S Baskelth
1218k A Aol e XAMEA AAEL XAS
= gl Foll whe} Afe|EFRQL Huel| gk Anprt ok
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1. MZE HHQS

Aol AR AJF A AE RAW264.7 A|3ES} 217 o)
2 M| = 10% fetal bovine serum (FBS)¥} 100 IU/ml penicillin
3} 10 pg/ml streptomycin®] E3HE RPMI 1640 HIA| & ARE-
ato] 37°C e} 5% COy7F 1% #i71olA wldaalct (24).
QIZE dla M) B3} i tiAAEe] EolHl gA|x}
(marker)@t &#% CD143} CDI8S ¢l~¥l E3F (Western
blot)y2] o & gHelslitt (RFER]AA).

2. NI BN 2 Hi S

EbA] 42 B. anthracis Stemes AFE-311o™, 71 5 (13)
I A T @D g HS ARRste] s Fekaith e A
o] JUANEE BA- ©FEE brain heart infusion (BHI: BD
Science, Canada) ¥}-9-T] 37 g/L¥} Bacto-agar 15 g/LS 2]
W= BHI agar HjA|o] =83t 3 37°CollA A wjjdksle] 4=
st

3. BfXo Oofxo| 2=

e o} AAdS $138 WA= Tarr's sporulation agars
AHESFAT (6). A8-E WA= 1.5 g sucrose (Showa, Japan),
1.5 g (NHy),PO; (Merck, Germany), 0.75 g MgSO, - 7H,O
(Merck, Germany), 7.5 g KH,PO, (Merck, Germany), 75 mg
MnSO, * H,O (Merck, Germany), 150 mg CaCl, - 2H,0 (Merck,
Germany), 2 mg FeCl, - 6H,0 (Yakuri, Japan)S 1500 ml2] <
Faroll ¥al 591 ¥ 11.25 g Bacto-agar (Gibco, USA)E 2

WEAT (6). EAT-S M) Tarr's sporulation agar Bl <] o]

Table 1. Cytokine expression by anthrax lethal toxin on different cells of immune system

Cell Lines Toxin Time (hr) Cytokines References
RAW264.7 LeTx’ 2~4 TNF-a 1 11
RAW264.7 LeTx" 24 IL-16,IL-18 1 5
J774A.1 LeTx" 2 TNF-a | 7
J774A.1 spore 5~75 TNF-q, IL-12 T 23
Human macrophage LeTx" 48 TNF-0. |, IL-1B,IL-6 1 25
Mouse macrophage spore 5~75 TNF-q, IL-6 1 24

RAW264.7: murine macrophage cell line, J774A.1: murine macrophage cell line, LeTx : lethal toxin
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4. CHAMIZE HHQF S OFE X2

Ao AgE th2 A E= RPMI 1640 HI#] (10% FBS,
100 TU/ml penicillin®} 10 pg/ml streptomycin, Gibco, USA)E
ARg-Ete] AF A RAW264.7 AL Q17 A A E2
Z}7} 1x10° A F/100 mm plate”’} B == 53 3 37T,
5% CO;, #7104 2A17F 5 mldsioltt (23). Ao =
A AHg-E Y2 AIEZ= PBS (pH 7.2) 2.2 23] A3 $ RPMI
1640 ¥ <] (10% FBS, no penicillin®} streptomycin)S 3L
A ol BS JFAEE
5% CO, BF71o1A 308 &<t vldFalSith PBS (pH 7.2)22
23] AJ# 33l gentamicin (Sigma, USA)S 25 pg/mle] 5%
]g]3k =
Gentamicin®] HJ¥o] B AlHS 1A R VS
o] AIHFH 3,5, 4 TAIZl Wik M=
USA)E AHg3le] 83190tk =819 Al vl FACS ¥
Aol AL-&-3t3laL, wie]l Byt viA= 15 ml FEe| KEopA
ELISA® %‘48}71 7R -70°Coll DA BASIT

scraper (Falcon,

5. QM= 2587
FACS) &4

| (Fluorescence—activated cell sorter:

FACS &S 93 AX 94 BD ApoAlertTM annexin
V-FITC apoptosis kit (BD Biosciences, USA)E AF&3}3 T A
7z Re Ax=
usA)ell £7 1,000 x g, 4CollA 583+ itz sieloh 4
SNE AIAZE F PBS (pH 72) $591& 1 ml WOl 4L v}
Al 1,000 x g, 4CollA 527F LAl et fofxl el
vl bl 200 pl Bl gk Fol THA] 1,000 x g,
4TCoA 527 Aalde] stk 2 S45AS AlAskaL o
Al Adr &N 500 WE Yol oHF$ ol annexin V-FITC
(20 pg/ml) 5 pl, propidium iodide (50 pg/ml) 10 plE H7}a}o]
25C, 1593 bl (ks aR)sklth wke] B Alxs
Cell Quest software (Becton-Dickinson; Mountain View, CA)E
0]-2-3} FACScan flow cytometer = 23} T},

A" EF d 5 (12)9] WHE AF&3te] +A 8}
Atk =, A7 g2 Az FE3 T
mmli sample £ (50 mM Tris-HCI, pH 6.8, 100 mM DTT, 2%
SDS, 0.1% bromophenol blue, 10% glycerol)ol] ¥ 1L 5%} 32
9l 5 12% polyacrylamide-gelol] 2935} A7|955 3
SHoAt 1 % A ylo] TS 20% HEhE &9olA] 80 V
= 60%

20 pgS Lae-

1X10° 7/ml # 7}t 37°C,

37°C, 5% CO, Bg7]elA] 303 &<t wjdataict
Aokt

= HIE FACSE 5 ml 2] FE (Falcon,

59} Polyvinylidene fluoride (PVDF) =2 % th
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gl do] o] PVDF 92 5% nonfat-dry milk7} Z %
TBS-T £+ (20 mM Tris-HCI pH 7.6, 500 mM NaCl, 0.1%
Tween 20)°l 2L W7o A] 1A]7F B<9F HE-S-51e blocking
3} t} Blocking®] £%F PVDF 212 anti-CD14 &3¢} anti-
DI18) (200 pg/ml) A= 1:50009) 3|4)ste] H 713k TBS-T
ANl A 14]3F &< vES- AlZiTh whg-o] & PVDF 2t
S TBS-TZ 15%3F 33] -2 5 HRP-conjugated anti-rabbit
IgG (1:1000 dilution)S ¥ar 1417+ WH-S-A1Z T} Al PVDF
S TBS-T o7 1587 33] e & ECL advanced
7|EE o]&3ale] ¥hg A7]a EC = FHEslith

7. 2AHIAZMEH  (enzyme linked immunosorbent
assay: ELISA)

A ARl A R E Alo] EFRQIO] Y& S48 91814
Bioscience A}2] ELISA kitS AF&-3}o] 3|ALo| A A&k X
Aol met EAEES s BAE AL 96-well
platecl] A7} izl A ARl FF5H AR 50 pliwell
I FFEFEY 50 phiwell S €L, TFEENL2 100 pliwell
A B3k 2 ol biotinylated anti-TNF-a (32 bio-
tinylated anti-IL-1p, biotinylated anti-IL- 12) S NS 50 pliwell
A e & 7PEA ekl 1§, 9S UEste] 14
ZF 3057F Ao A HES A7 B Al=8- 1S A ASlal PBS

¢

2 43] o] AlZEFITE 1x Streptavidin-HRP HF5-8-<8-8- 100
pliwell?] YL 308 50F Aol A WESAIZ] & J5AS A

Aot kEgolow 43] o AT Alge] Hst
FRAS 100 wwel® B WS xpekdk Ao 30

oF HhSAIZl - HkS FTEENS 100 pliwell®] Eal 45
=
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. RAW264.7 AL Bl EH| =9l om, 2] Alzte]
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Table 2. The amounts of TNF-a or IL-12 secreted from murine macrophage RAW264.7 cells were infected with spores of B. anthracis Sterne

TNF-a (pg/ml) IL-12 (pg/ml)
1 hr 3hr Shr 7 hr 1 hr 3hr Shr 7 hr
Inactivated spores ND* ND ND ND’ 215 254 210 234
Live spores 482 2,433 6,022 6,213 110 246 210 234
Vegetative cells 692 2,844 5,128 6,045 151 175 318 340

ND": Not detectable
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Figure 1. Cytokine analysis in murine macrophage RAW264.7 cells infected with spores of B. anthracis Sterne at 1, 3, 5, and 7 hours
using ELISA method. Control was murine macrophage RAW264.7 cells treated with PBS buffer. The concentration of 2 cytokines in the
supernatants collected from murine macrophage RAW264.7 cells infected with formalin-inactivated spores (white bars), spores (gray bars),
and vegetative cells (black bars) of B. anthracis Sterne at the indicated time points are shown for TNF-a (A), and IL-12 (B). Three
experiments were performed, and the results of a representative experiment are shown. Each value reported is the average of three samples.
Error bars represent 1 standard deviation. Statistical significance was determined by Student's t test analysis. In all cases, means were
compared to control group only treated with PBS buffer. “p<0.05, **p<0.01

oAU B3t Holdle
THEA] ggkot, B4 9
o] A, AP F 1MgelME
pg/ml, 5AIZFN A= 57 pg/ml, 7/\] A= 47 pg/mls Y]
SRtk IL-1B9] ¢ BHHS v AlolE7kle] nlste]
w9 Ao, PBSY A 2|gh thxwtd} Hlugls HH 2o
= g3l o].J AL E i{ﬂ??_
7k eRte] S7HE BTk IL- 124
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Slobl, Holslic ohEE A9 g mwﬂz
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XE AP Az giAA
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=
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o QlofA Alztel HolHel eRzke] MakE Witk Qg
v A

oAz Aolgle= F 1AIZHIA = 106 pg/ml
S BHjEkgloy, o2 At A= ErE wsh) gl
(Fig. 2)

A3 Aol A 23 E]D MY (phosphatidylserine)< |3
Wkl EAska AlEAPEe] FEHW AE gjutow o)F
3lo] w=Z¥r} Annexin VE EATEILA AT} 748 18l
S M giA e AEAPER Qe w2y EATEEA
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Figure 2. Cytokine analysis in primary human macrophage infected with spores of B. anthracis Sterne at 1, 3, 5, and 7 hours using
ELISA method. Control was murine macrophage RAW264.7 cells treated with PBS buffer. The concentration of 3 cytokines in the
supernatants collected from primary human macrophage infected with formalin-inactivated spores (white bars), spores (gray bars), and
vegetative cells (black bars) of B. anthracis Sterne at the indicated time points are shown for TNF- (A), IL-1p (B), and IL-12 (C). Three
experiments were performed, and the results of a representative experiment are shown. Each value reported is the average of three samples.
Error bars represent 1 standard deviation. Statistical significance was determined by Student's t test analysis. In all cases, means were
compared to control group only treated with PBS buffer. “p<0.05, **p<0.01

Yy} Agsie) H Ao A AL8-3F Annexin Vi fluorescein- WES2 YJeER)AT
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Figure 3. Apoptosis analysis in murine macrophage RAW264.7 cells infected with spores of B. anthracis Sterne at 1, 3, 5, and 7 hours
by flow cytometry with annexin-PI double-labeled cells. The annexin-positive population corresponding to apoptotic cells, PI-positive
population corresponds to necrotic cells, and the double-positive position corresponds to necrotic and/or late apoptotic cells. Murine
macrophage RAW264.7 cells were treated with PBS buffer (A), formalin-inactivated spores (B), spores (C), and vegetative cells (D) of B.
anthracis Sterne.

Q1EI3it} (Fig. 3). FUAEZ AEe AF PAAE RAW- 523 BEE o] F3 ek i) 917k diAHE7} 0.5%
264.7 NEE IAZIAE 86.9%, 3A1THOIAE 882%, 5A17F WS E MEAbdo] f5¥ Aog Felsigl o), Aol
ol A= 90.9%, TAIZ OIAM = 91.6%S YERAAT (Fig. 3). 3 o} = A3 A¢ sATMIAE 1.05%, TA A= 2.53%
GAEZE A3 A7 hIAE RAW264.7 Al Aolg) o] MxEAPEo] Ut (Fig. 4).
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Figure 4. Apoptosis analysis in primary human macrophages infected with spores of B. anthracis Sterne at 1, 3, 5, 7 hours by flow
cytometry with annexin-PI double-labeled cells. The annexin-positive population corresponding to apoptotic cells, PI-positive population
corresponds to necrotic cells, and the double-positive position corresponds to necrotic and/or late apoptotic cells. Primary human
macrophages were treated with PBS buffer (A), formalin-inactivated spores (B), spores (C), and vegetative cells (D) of B. anthracis Sterne.

A olnk. i A diA ARl ©]3)] A=)
EE (107 M o]ahe] AtolEFRRle] HH|EHW A
kg FLSHAN, =& F (107 M oPhHE &
A ZEAPE T o] ARl Al AW AR A& E )
3)7)% g} (31).
°]&, TNF-o= AlXZAPE Y} HAE 5835 #5310 Al
FAPE S doitt (33). WA XA A Eo] dFHkE
o #oJst= IL-1p= AI¥EAPEO] W IL-1p A3tash
(interleukin-1B converting enzyme, ICE)}i= ZZEH oA £
3 ddeo] M vro = FH|EN (3). wHIE IL-1BE IL-1

Agksle] p38, INK, 2 NF-«xB 59 Asdd =
frieshs Zo® Harwo] gt}
S 57141714, helper T cell2]
=3} (19).

At oFazo] Zhedell ]3|
] z-go] frE A7 hAAE RAW264.7 Al XA 2
sl S7rsll o, EEAdslE ©A+t ol s A A5
o= T Wyl ISl Egh Aokl BhA o ol X E
A2l sk oF 90%2] AF A A RAW264.7 Mol A A|E
Abdo] fFEEAo, EEASE BT ol E A7 A
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A HAAE RAW264.7 AlEE 1% vk A EAPE SIS T
o] TNF-0.2] #u]&} Aﬂw}"* o] MZ A 9lor
(19) AEEe] A sae AEAPDS JoqIths Bl (11)
o} x| g

McHugh 52 A7 i A3Eel] 54 Legionella pneumo-

phila2} =4 L. pneumophila® Z9 A7 TNF-a2} IL-1B
T AFIEZR fHlel QlojA] zpel 7t EAIEE itk
(19). 4 L. pneumophila= thHAAE WollA w27 F2]8
S 9lot F=A L. pneumophila® 418 4= gloka &
A Aek AlE O] Eole] 54 B A e di2Al
o 93k proinﬂammatory Alo] &7l En]of| kg n|x
2 Az,

Table 101]*1 B Ape} o], 9 AFEol o3| BRI
AR A QA A|RES] Alo]| EFIR] #H|E ATt B
H b ek (7, 25). o158 AT AHs A A A E

=

= _6__9‘_'(5]-

A% AH8E Ao Rtk T} B ATelAt AL
£ WE 4 9le AT oS Ao, 79 2] WA

NA 8-S frmshe] Alzto] Sgel weh AAA R AAh
5ot AAHES Stk w3 Aolole BT ofEE A
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