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SUMMARY

Mycobacterium tuberculosis is 3 pathogenic bacternial specics and the causative agent of most cases of
tuberculosis. Tuberctlosis has a long history and still is a major infectious diseasc m most parts of the world.
Mycobacterium miberculosis HYTRv (Mtb) was an important respiratory pathogen which was controlled
primarily by cytokine-activated macrophage. The recent studies were to focus on the role of specific pattern-
recogmtion receptor (PRR)-microbial interaction for the host defensc against mycobacterial infections and the
intracellular mechanisms actuvated by PRRs during infections with Mtb and their specific ligands. The recent
discovery of novel classes of receptors. including Toll-hke receptor (TLR) is challenging the crucial role of
innate 1immune system for recognition of Mib The interaction of Mtb with TLRs triggers the intracellular
signaling cascades culminming the activation of NFxB and milogen-activated protein kinases, thus mediates
the il against my ial infecuon Besides, reactive oxygen species (ROS) is
m\ponanl in conrmllmg Mtb dunng pnmary pulmonary infection. However, the role of TLR-2 in the

1 of b duced ROS is poorly understood. In this study, we investigated the
role of TLR2 in i ROS during with tubercul infection. To extend these
smdws we inamide adenine di (NADPH) oxidase activities were
hages from WT and TLILZJ mice in response to Mrb infection. Morcover,
ROS- genemmg NADPH oxldase activities are dent on TLR2. Collectively, these data the
pivotal role of reactive oxygen species (ROS) signaling through TLR-2-mediated innate responses during

mycobacterial infection.

Keywords: Mycob bercul
INTRODUCTION
Mycobacterium luberculos/s (Mib) is the
ive agent of p losis (TB). a

disease that affects nearly one -third of the world’s
population (Flynn, Chan, 2001: Van Crevel er al.,
2002). Mtb is an intracellular pathogen capable of
infecting and surviving within macrophages. Mtb is
an important respiratory pathogen and the growth of
which is controlled primarily by cytokine-activated
macrophages (Yang ef al., 2006; Yang er al., 2007a).
Toll-like receptors (TLR) recognize specific
structural motifs of various pathogens, known as
pathogen-associated molecular pattemns, and are
critical in provoking innate immune responses (Akira
et al., 2006). Recent studies have shown that the
differential pro-infl y immune resp to

b jal i i are depend on the
activation and modulation of mitogen activated

H37Rv, reactive oxygen spectes (ROS), Nox2, TLR2

protein kinase (MAPK) signaling, which play an

p role in p g anti- b ial
activity and  producti of Y
mediators, including tumor nuclear faclor (TNF)-a,
interleukin (IL)-6, IL-1, and [L-12, chemokine and
nitro oxide (Yang er al., 2007a; Schorey, Cooper,
2003; Yadav et al., 2006).

adenine
(NADPH) oxidase (Nox)- gencraled reactive oxygen
species (ROS) can participate in immune function in
a variety of ways. Nox is a multicomponent complex,
composed of membrane-bound protein known as
flav h bssg, the cytosolic proteins p40phox,
p47phox, p67phox, and two small GTPase, Racl/2.
Cytochrome bssy, the redox core of the respiratory
burst oxidase, consists of a large glycoprotein
gp91phox or Nox2 and the small protein p22phox
(Vignais, 2002; Babior, 2004). ROS are produced in

303



mammalian cells in responsc to the activation of
various cell surface receplors (Biberstine ¢r «f,
2001) and involved in regulal:on in diverse receptor-
ligand i lhul hways, such as
MAPK or NF-xB pathways (Nall\an 2003; Dusi er
al, 1998; Aschnoune ef al., 2004). However, cellular
mechanisms that direct lhe production of Nox-
derived superoxide (o selectively influence certain
receptor  signaling  pathways remain  poorly
understood.

Given the importance of ROS in regulating host
response 1o the TLR agonists and the lack of
knowledg«. about how ROS-dependent inflammatory
xlgnnlmg is regulah.d in human TB, the present study

gated the molecul h that regulate
the ROS-mediated infl y in
macrophages  activated by Mycobaclerium

tuberculosis H3TRv (Mrb). In the present study,
macrophages respond 1o Mib  through ROS-
dependent signaling via TLR2.

MATERJALS AND METHODS

Reagent and Abs

The following reagents were purchased from
Calbiochem (San Diego, CA): antioxidant N-acetyl-
L-cysicine (NAC), an inhibitor of NADPH oxidase
(DPl), a xanthine oxidase inhibitor (allopurinot), an
inhibitor of mitochondrial electron transfer chain
subunit | (rotenone). Dimethyl sulfoxide (DMSO;
Sigma) was added to cultures at 0.1% (vol/vol) as a
solvent control. gp91phox (Nox;), and actin anlibody
was from Santa Cruz Biotechnology.

Preparation of M. tuberculosis

Cultures of M. "tuberculosis H3TRv (kindly
provided by Dr. Eun-Kyeong Jo, University of
Chungnam, Korea) werc prepared as described
previously (Yang ef al., 2007a). Mycobacteria were
grown in roller bottles to mid-log phase in
Middlebrook 7H9 liquid medium supplemented with
oleic acid/albumin/dextrosc/catalase (Difco, Becton-
Dickinson, Palo Alto, CA), The cells were collected
by centrifugation, washed and resuspended with
basal RPMJ 1640, and centrifuged at 150 g for 5 min
to remove any clumps. Aliquots of the upper
bacterial suspension were kept frozen at -80 °C until
used. Before infection, the thawed bacterial aliquot
was dispersed using a bath sonicator and centrifuged
at 150 g for 2 min. The bacteria remaining in
suspension  were used for the infection.
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Quantification was performed by assessing the CRl
afler plating serial 10-fold dilutions of
supernatant on Middlebrook 7H10 agar.

Isolation and culture of murine bone marro:
derlved macrophages

Murine marrow-derived macrophages (BMDM
from TLR2 Knock-out (KO) mice of CS7BL
background and C57BL/6 mice were prepared fro
these mice, as previously described (Yang ef a
2007a). All animals were maintained 1n a pathoge
free environment. All experimental procedures we
reviewed and approved by the Institutional Anim
Care and Use Commiltee (IACUC) in Chungpa
National University.

Cell culture and infection of Mtb

Mouse macrophage cell linc was maintained
complete medium [DMEM (Gibco-BRI
Gaithersburg, MD) with 10% fetal bovine serw
(Gibco-BRL), sodium pyruvate. non-essential amir
acids, penicillin G (100 1U/ml), and sireplomyci
(100 pg/ml)]. BMDMs were infected with Mib (Tt
multiplicity of infection (MOI) = 1) and incubate
for the indicated times at 37°C under 5% CO2. Aty
the time allowed for phagocytosis, cells were washe
three times with fresh phosphate-buffered saline (
remove extraccllular bacteria and then incubate
again with complete DMEM without antibiotics ft
indicated times. Cultures of uninfected cells wei
maintained under the same conditions during t
enlire time of the assays.

Western blot assay

BMDMs were treated as indicated and processt
for analysis by, Western bio, as previously descril
(Yang er al. 2007a). For Western analysi
antibodies for phosphorylated gp91phox, and act
antibody was used at a 1:1,000 dlluuon Membran

were developed using a chemil ass
(ECL: Pharmacla Amersham, Frelburg, Genmn'
and sub posed to

film (Phammcna Amelshnm)

Measurement of intracellular ROS

Intracellular ROS levels were measured by DH
assays, as previously described (Yang ef al., 20{
Briefly, BMDM cells were stimulated with
DPI for 30 min. The cells were incubated with €
2 uM dihydroethidi ) for 1
min at 37°C in 5% CO,.

(DHE) (Calbioch
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Determination of NADPH oxidase activity

NADPH oxidase activilies were measured by
lucigenin (bis-N-methylacridinlum nirate)
chemiluminescence assay (5% 10 molL lucigenin, Sigma)
in the presence of its substrate NADPH (10" molL,
Sigma) as described previously (Griendiing et al., 1954)

In brief, BMDMs were 1ncubated with Mib for
30 min in the presence or absence of ROS inhibitors
Lucigeni h d chemi assay was
performed to analyze the level of superoxide
production as previously reported (Griendling ef al.,
1994) The cells were transferred into scintillation
vials containing Krebs-HEPES buffer (100 mM
NaCl, 4.7 mM KCl, 1.9 mM CaCl,, 1.2 mM MgSO..
103 mM K,HPOy, 25 mM NaHCO;. 20 mM Na-
HEPES. pH 7.4) with 5 pM lucigenin, The
chemiluminescence,  which  occurred  over  (he
ensuing 1 min in responsc 1o the addition of 100 pM
NADPH, was ded using a lumi (Lumet

Statistical analysis

For stauistical analysis. data obtained from
independent experiments are presented as the mean £
SD and they were analyzed using a Student's 1 test
with Bonferroni adjustment or ANOVA for multiple
comparisons. Differences were considered significant
for p < 0.05.

RESULTS

Mitb induces ROS gencration in BMDM

ROS act as an intracellular second messenger,
which can rcgulate various intracellular signal
transduction cascades and transcription factors
(Forman, Torres. 2002; Gwinn, Vallyathan, 2006).
We investigaled whether the Mib induced ROS
production 1n BMDMs from wild type (WT) mice.
As shown in Fig 1. Mrh—induced superoxide

LB9507; Berthold Technologies. Bad Wildbad,
Germany). The eoutted light units, after subtracting a
blank, were uscd as a measure of supcroxide
production. Values were expressed as relative light
upits per 1 - 10" cells

un.stimulation

DMSO* I8 Rv (MOI=1))

g was sigl ly in BMDMe. The effect
was nearly abolished in BMDMs was incubated with
DPI (an NADPH oxidase inhibitor), as measured by
fluorescent microscope based on DHE, respectively.
These results indicate that Mrb induced ROS

seneration m macrophages,

DRI+ T Ry (MOI=T)

Figure 1. Intracellular ROS generation Induced by Mtb BMDMs from WT mice were stimulated with Mtb (MOI=1) in the
presence or absence of DMSO or DPI (20 uM) after 30 min DHE fluorescence image shown are representative of three
independent expenments with simifar results Bar, 50 ..m. TB Rv, Mycobacterium tuberculosis Rv37.

Mtb-induced activation of NADPH oxidases is
required TLR2

The data (Fig.l) suggest that superoxide
production contributed to Mib -induced ROS
mediates signaling. To extend these studies. we
evaluated Mrb-induced NADPH oxidase activity in
BMDMs from WT and TLR2 KO mice, as shown in
Fig. 2, the NADPH oxidase activity was markedly
increased in BMDMs from WT stimulated with M.
However, significant inhibition of NADPH oxidase
activity was recorded after pretreatment with various

NADPH  oxidasc  inhibitor;  Rotenone. a
mitochondrial electron transfer chain subunit 1
inhibitor), except a xanthine oxidase nhibitor

allopurinol in BMDMs from WT mice. These results
suggested the activation of NADPH oxidases
induced by Mrb via TLR2.

Nox2 expression is required for TLR2

We also examined whether Nox2 was
differentially modulated in BMDMs from WT and
TLR2 KO mice in response to Mtb infection. The

antioxidant (NAC, a general ROS ger; DPI, an

p of Nox2 was up-regulation in WT mice
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by 18h aler A4 infection. but no differences in
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Nox2 expression. These results indicate that TLR

TLR2 KO mice (Fig.3). The robust Nox2 ind
n WT mice and sustmned in TLR2 KO mice indicate
that TLRY acuvation is necessnrv far Mrheinduced

plays an ind ble role for Mrb-induced ROS
generating NADPH oxidase activation and Nox
expression
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Figure 3. Nox2 expression induced by Mib 1s dependent on Iha loll-ike receptor (TLR) 2-dependent manner. BMDMs fom
WT and TLR2 KO mica were stimulated with Mib (MOI=1) for the imes indicated The celis were harvested and subjecied®
Wastem biot snalysis for Nox2. The same blots were washed and blotted for total a -aclin as the loading controls. Date ¢

of three it

DISCUSSION

Despite the fact that the M. tuberculosis H37Rv
is the most widely used antigen for mycobacterial
research, litlle is known about the nature of
recognition and signaling pathway activation that
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with similar resufts.

can activate and enhance the ROS gcnﬂ‘@
induced by Mrb stimulation. The interaction betwea
Mib and varous TLRs is not fully understood, buti
appears that whole mycobacteria or distigl
mycobacterial components may interact Wi
different members of the TLR family. The p
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the Mib-induced ROS
2 15 exclusively d dent on TLR2 (Flg 2).
Elucidating the b ial protein recogr

and signaling pathway activation will reveal the key
immunological processes induced by this important
human palhogen and help in the rational design of
more and adj (Jo er al.,

2007).

ROS are mainly produced by leukocytes and by
the respiratory mitochondrial chain; they are
essential for both cell signaling. and bacterial
defence. Elevated ROS are thought to serve as a
second messenger to comrol a broad range of

data demonstrate that

receptor 4-dependent activation of NF-kappa B. J Imaumo!
172:2522-2529.

Babior BM. (2004) NADPH oxidase. Curr Opin Immunol
16:42-47

Biberstine-Kinkade KJ. DeLeo FR. Epstein RI, LcRoy BA,

Nnustef WM Dinauer  MC (2001) Hcmc Ilgalmg
in h b(558)" i

specific histidines in gp91(phox). J Biol Chem 276: 31 lOS-

32,

Bokoch GM, Knaus UG (2003) NADPH oxidases: not just
for Jeukocytes anymore! Trends Biochem Sci 28:502-508.

Dusi S. Nadalini KA, Domim M, Zentihn L. Wientjes FB,
Roos D. Gxacca M. Rossi F (1998) Nicotinamide-adenine

"'and hologi sod

ph g | processes.
cell p af and apoptosis ( Yodor
et aI 2001; Martindale, Holbrook, 2002). Although
some studies have shown an increase in ROS
production tn vascular inflammatory response is
dependent on TLR2 activation (Shishido ef al., 2006)
and others have shown ROS-dependent ASK1-p38
pathway is cmclal for  TLR4-mediated

oxidasc assembly and activation in
EBV-transformed B lymphoblastoid cell lines of normal
and chronic granulomatous discasc patients. J [mmunol
161- 4968-4974.

Flynn JL, Chan J (2001) Immunology of tuberculosis.
Anmu Rev Immunol 19: 93-100.

Forman HJ, Torres M (2002) Reaclive oxygen species and
cell signaling: respiratory burst in macrophage signaling.
Am J Respir Crit Care Med 15:54-8.

KK. Minien CA, Ollerenshaw JD, Alexander

p ind (Into, Shibata,
2005), and ROS generauon p38 induced by

i i W|lh op poprotei or  Griendli
idoglycans is d d on

TLRZ (Lambelh 2002) the role of ROS in
mycobacterial ~ signaling and its  regulatory
mechanisms remain unclear. The current data clearly

RW (1994) Angiotensin 11 stimulates NADH and NADPH
oxidase activity in cultured vascular smooth muscle cells.
Circ Res 74" 1141-1148

Gwinn MR, Vallyathan V (2006) Respmlory burst. role in
al ion in alveolar J Toxicol

that the i Tlular ROS signaling is
dependent on the TLR2 (Fig.2).

Recen(ly, vanous reports have suggested that

Pl d ROS g is coupled with
Nox isozymes (Nox 1, Nox3, Nox4, and NoxS5), novel
homologues of Nox2 of NADPH oxidase in
phagocytic cells (Bokoch, Knaus, 2003). We also
found that TLR2 activation govems the Nox2
induction and NADPH oxidase activity (Fig.2 and
Fig.3). To elucidate the reason why the NADPH
oxidase activity was abolished in TLR2 KO,

ly of the oxidase lex was studied.
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VAI TRO CUA THU THE TLR2 DOI VGI QUA TRINH TAO RA GOC TY DO OXY HOA
BOI VI KHUAN LAO (MYCOBACTERIUM TUBERCULOSIS H3TRY)

Trinh TAt Cuomg" *, Phan Tun Nghia"?, Nguyén Quang Huy"? Vi Tién Chinh’, Lwong
Hoang Viét'

!Phéng Thi nghiém trong diém Cong ngh¢ enzyme va protein, Truong Dai hpc Khoa hoc ty nhién. Dgi hpe
Oc gia Ha NGi

*Trieong Dai hoc Khoa hoc e nhién, Dai hoc Quic gia Ha Ngi

*Vién Sinh thai va Tai nguyén sinh vit, Vign Khoa hoc va Cong nghé Viét Nam

“‘Trizomg Dai hoc Y Dupc, Dai hoc Thai Nguyén

TOM TAT

Mycobacterium nberculosis 14 min lodi vi khuan gy bénh vi nguyén nhin chinh cua céc truoog hop bi
bénh lao. Bénh lao da c6 tir cht lau va vin 1 bénh Iay nhiém chi yéu & hiu hét chc nuée trén thé gi6i. Vi khuda
10 Mucobactermm tubcreulosis H3TRv (Mtb) 13 mt mam bénh quan trong cia dudmg hd hip. Mam bénh niy dwge kiém
s0it ban ddu bing cc dar thyc bio kich hoat cytokines. Nhimg nghién cin gin déy di rong im vAo vai tro Ciia qud trinh
twong e gida thy thé nhin deng mim binh (PRR) dfc hidu vén vi khudn trong qud trinh bao vé cia vit chis chéng b qui
wrinh léy rhi¢m cua mycobacteria va nhimg co ché hogt dgng cur 1¢ bdo bing PRR trong qué trinh nhiém Mib vA nhimg pbéi
tir dac hi¢u cua ching. Viée khém phé vé mdt 16p thy thé mén, bao gom thy thé Toll-like (TLR), dang la thach thirc vas o
chil yéu cia b théng mién dich dbi voi qué inh nhin dang Mtb. Qué trinh tong téc cua Mib cing vé1 TLRs o ra nhimg
16p tin higu bén trong 1é bio dén mirc kich thich hogt dgng ciia NFKB va cic protein kinase do chit kich thich phin bao bogt
héa (MAPKs), thyc sy 14 tayén nhimg dép img tién viém chéng lat qud 1rinh nhifm cua mycobaciens Ngodi ra, cdc gocty
do 8xy héa (ROS) ¢6 nhidm vy quan trong trong qué trinh kiém soat Mib trong giai doan dau cua bénh lao ?nlxi. Tuy nhién,
vaj irb cua thy thé TLR2 (tol-Jike recepior 2) trong qud trinh didu khién ROS duge sinh ra boy qué winh nhiém mam bnh vi
khuan lao van con chwe 3. Dé lam rd nghién cin nay, ching 16i 42 chimg minh ring hoat dgng cua Nicotnamide adenine
dinucleonde phosphate (NADPH) by didu khién khac nhau trong macrophages dugr téch ra tis chuge binh thutmg va chuj by
bit hogt thy thé TLR2. Hon nira. hogt déng cua NADPH (g0 ra gbc dxy hoa 14 pht thude vito thy thé TLR2. Nhimg két qu
trén dy chi ra vai trd ch yéu cia tin higu ROS 14 thong qua nhimg ddp img mien dich bim sinh dugc truyén di biing thy thé
TLR2 trong qué trinh nhiém mycobacteria.

Tir kirda: Vi khudn lao H37Rv, gbc fie do oxy hoa (ROS), Nox2, thu thé TLR2
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