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Dynamic in vivo imaging of osteoclasts and their precursor monocytes in live bones by using

intravital 2-photon microscopy
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Role of neutrophils and myeloperoxidase in severe lung injury in mice with influenza A/HIN1
(PR-8) and in patients with avian flu (H5N1)
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Activation Mechanism for the reactive oxygen-producing NADPH oxidase during phagocytosis
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T7 like virus infection of cyanobacteria visualized by electron cryo-tomography
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Self-organization of phosphatidylinositol lipids signaling for spontaneous cell migration
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The role of voltage-gated proton channel in phagocytes
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Dynamic in vivo imaging of osteoclasts and their precursor monocytes

in live bones by using intravital 2-photon microscopy

Masaru Ishii
Laboratory of Biological Imaging,
WPI-Immunology Frontier Research Center,

Osaka University, Osaka, Japan.

Osteoclasts are bone-resorbing multinuclear giant cells that differentiate from mononuclear
macrophage/monocyte-lineage hematopoietic precursors. They play critical roles not only in normal bone
homeostasis (“remodeling”), but also in the pathogenesis of bone destructive disorders such osteoporosis,
rheumatoid arthritis and bone metastatic cancers. Although many molecules, M-CSF and RANKL chief
among them, are known to play significant contributions in osteoclast differentiation, a critical process that
has been less well documented is the trafficking of osteoclast precursors to and from the bone surface, where
they undergo cell fusion to form the fully differentiated multinucleated cells that actually mediate bone
resorption.

By using an advanced imaging technique with
intravital two-photon microscopy I have established a
new system for visualizing in situ behavior of
osteoclasts and their precursors within intact bone

tissues (Figure 1), and found that

sphingosine-1-phosphate (S1P), a lipid mediator

enriched in blood, controls the movement of osteoclast Figure 1.Imaging of live bones by using intravital two-photon microscopy.
Granulocytes (LysM-EGFP) (left) and monocytes (CX3CR1-EGFP) (right)

. . are fluorescently labelled, and bone marrow vasculatures are visualized by
precursors between the blood and endosteum (thelI’ site injecting Rhodamine-conjugated high molecular dextrans.

of final differentiation). Osteoclast precursor monocytes in bone tissues express functional S1P receptor, and
potent SIP receptor agonist stimulated their mobilization in vivo. Because S1P concentration in blood is
higher than that in tissues, S1P-mediated chemotaxis of osteoclast precursors contributes to their
recirculation from bone tissues to systemic blood flow.

Further examinations are revealing the possible role of several bone-enriched chemokines on the
migration control of osteoclast precursors in vivo bone tissues. The bulk of these results support the
hypothesis that fine tuning of osteoclast migration mediated by various chemokines dynamically modulates
bone homeostasis, suggesting a unique point of action on osteoclastogenesis that may be promising as a
future therapeutic target. In this presentation, I will present the latest data on this new concept in the field of
bone and mineral researches, and will also show, with plenty of movies, the detailed methodology of
intravital bone imaging and discuss its further application in this field.

Reference:

Ishii et al., Nature, 458: 524-528, 2009 Klauschen, Ishii et al., Nature Protoc. 4: 1305-1311.
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Role of neutrophils and myeloperoxidase in severe lung injury

in mice with influenza A/HIN1 (PR-8) and in patients with avian flu (H5N1)

K. Suzuki'”?
R. Sugamatal’z, T. Nagaol’z, H., Tomizawaz, K. Yamamotoz, N. Nakajimaz, Y. Satoz, Y. Aratani3, R.
Todaka®, M. Oshima® T. Sata’, K. Kobayashi’, S. Kawachi*, T.T.B. Phung, L. Nguyens, T.

Nakayama'

'Chiba University Graduate School of Medicine, Chiba, *National Institute of Infectious Diseases,
Tokyo, *Yokohama City University, Yokohama, ‘International Medical Center of Japan, Tokyo,
Japan, "National Hospital of Pediatrics, Hanoi, Vietnam

Background: Avian influenza A (H5N1) infection causes fulminant acute respiratory distress
syndrome (FARDS) [Kawachi, et al. J. Infect. Dis. 2009; 200: 510-515]. Here, we analyzed the
key objective in the initial step of IFV infection using mouse-adapted HIN1 influenza virus PR-8.
Methods: IFV-PR8 (HIN1) was inoculated into BALB/c and myeloperoxidase (MPO)-deficient
mice (MPO-KO) intranasally. Lung tissue, bronchoalveolar lavage fluid (BALF), and plasma were
analyzed in cytokines-chemokines and mRNA expressions.

Results: Intensive infiltration with inflammatory cells of the lung and many neutrophils and
epithelial cells presented in BALF 3-4 days after inoculation with IFV. In addition, levels of IL-1
a, - B, GM-CSF, KC in BALF were increased 2 days, although these were undetectable one day
after the inoculation. MCP-1, IL-6, G-CSF, and IL-12p40 increased in BALF at 4 days. In
MPO-KO mice, lung injury developed less intensive than that in wild mice. MPO activity in
plasma and nasal fluid of patients with avian flu (H5N1) increased with severity of lung injury.
Conclusions: A simultaneous increase of KC strongly suggests induction of infiltration of a large
number of neutrophils into BALF to digest IFV and development of lung injury. Finally, these
observations suggest released MPO from neutrophils may induce lung injury as well inactivation

of IFV. These observations are similar to those in patients with avian flu HSN1 in Vietnam.



BVEFA R OISR A R EESR NADPH 4% ¥ & — ¥ O M L i #E
FEAR s
JUM RS2 RSB e 2R JE e A A1y B

B 1OTH L AFHERIT, BAEHORANRINESLNEE Y, RAMAY 2 85% -
BRELEET . ZORBERBRIZITTEERRE RO CEERERNZH C L0, T OIEME
TR A O OB EMIE NADPH 4% o ¥ —8BTh 5. AREER ISR ERFCIIRIEHR T
HOHD, WMAEMOEIEA (phagocytosis) KFZ 7 7 2 — AR ETIEMEL S VA —/3—F
¥R (0,) ZEKRTDEOICRD. 0, TNEHH DOKEREIZRV R W, 0, 23VERT
D &R DA OIGMEREE TR 2R & LTI 2 &icked. AFx vy —F
DEEFAIRT B 5 IR [V gpol”™ (p227'* & 2 BIKZTBAR) 13, MIME & ORFRER (4F
FERDMIINFERLO 1 0) DOIRICZEIHFET H. 77 AV —ABNE, MREIEND Th
<, BIEERAPICY 7 2V — A LA T 2MENEROBKIC bHKTHOT, 772V —A4
I gp917 o -p22P " AR AS enrich S5 Z & 1275, LvL, 2720 Tid o, 04K
(T B 720, gp9lP NEMEL Sh 0, AT 21C1E, MRk LRSI E (ST 2
3ODRFERAVERE (pA77", pb77, pd0™) LAXS -5 G EHE Rac DLETHD. B
TERFRFIT, pAT"-p677"*-p40""* D 3 HFMEEM & Rac ITMAE BRI A 27 7 I — AEIC
BATT 208, 77 3 — A ETp67" L Rac EFEA LT gpl”" O EL b E5 Z# Z L,
ZORERE LT gp9l™ OIEMEAL (0,8 B2, 3FEEEED T 7 3V — LfE~D
BATIZIE, (1) BEHARICY UMb S IVEMAL ST pAT"" D TSH3 R A A &4 LT
BEE p227" L OFEER ] BEO TPX RAAL &N LY VIEE E OfA), (2) ALK
77 AV — A (closed phagosome) THEBRINDARAT 7 FINA ) h—v 3=V VB
(PI3P) & p40™ L OfER, HFAxBUETHDH. IEEABROBEBITICES T 2EAE-
BHEMBER S EAE-Y VIREMEEIER, 83X OBERRO Y CIRERBHC OV TRAE
DET DI A FULITHEIT T 5.
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Rac-RhoGDI BEE& KR DOMERE - HEMHL A I =X A
----- Rac-RhoGDI &K OB IIRREETEZ 5 -----

B g2 2 IEET K W Rk st

VA RS NGV T TG 2 — Sy ERE B
P ATERY KRFREFOER MRSy

[¥F&] BRMIICIITS NADPH oxidase (Nox) Tdh 2% Nox2 DIEMALIZIE, S Th D
flavocytochrome bsss (heterodimer of Nox2 and p22rhex) & | HNE LSy T D pdaOphox, p47phox,
p67Phox DIFEAR (p40phox-p4Trhox-pETrhoscomplex) & small GTPase Rac & DT OB G IR Al
VH TS, F£7-, pa0Ophor-p4Trhox-pgTrher complex & Rac (X, MHADAH =X ALY, [EIC
Z—=0y bTLZENMBINTVD, Rac 1%, #IEFFIZIZ RhoGDI & AR Z AL L ATEME(LRY
& UCHIMECTEAET 5 28, MRS I3IE ML & U CRE | CHERET %, RhoGDI 7> 6 OFEEEAS
Rac IEMHALDOMMED AT v 7T D Z LIZAMOEETH L, ZOBRBBMBPANO L 2T, £
EOBRAD=ZALIZEVERZ 200, R EDOFEMITDLI>TE LT, BREMENTEE WD
EELLBNTE T, A4EFH~1X, Rac ® RhoGDI 76 OfiffER X ONEMALR, MR & Z Tl
2500, HIZ, DA I = A LOfFAEIT -T2,

[# %] &AMALIZ, Phospholipase D2 (PLD2) ZiHI% Bl St % &, Rac-RhoGDI # & (KD
TOHRMBMNPIER L7228, ROS EEADHINIBEE Ch>7-, —J . Rac $fE M7 Guanine
nucleotide exchange factor (GEF) T# % Tiaml Oi@FFEH T, Rac OEBOHEMIIFE T
7. ROS EAEOHMLBER LD THo7z, LarL, PLD2 & Tiaml Z# B IEL L, F
%72 ROS FEADHMMABIE ST,

[B£] &R0 Rac OIEMALIZIZ, 2722< &b 1. Rac'RhoGDI EAKDERIT, 2. L LTo

Rac @ RhoGDI 75 OfEHfk - iEMHEL., LW 2 ODORT v INEFETDHEB LN,
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BRI TFTAFTNET T 74 —BICEBATIETIANADYT IR T YT ~DRK
YuBE D BT

FHFIzE L. Wah Chiu?
VEFRSRRFSRAT. 2 KREARA T —ER K

T7 RO A NVZX, GFEDFOCRBESHANONTVWDLE A VAD—D2Th D, WIERHE
LClE, EZHEAENDRDF v 7Y FICZHE DNA 2L, £DO2 FrDO—2IT, 6 KD
AL I T 7 A N—=THENTAHE L RWNENT AV ERD, T LT, TOT A% fEEOMNK
EREESHET, 220677 =Y DNAZFEICHEAT H, & 2TAHD, L OME~O KR O
PRI OV TITH E VR DTV, AWFFE T, Mo T g/ S 72284 XD
> 7 /23275 U T Prochrolococcus MED4 (E£&~0.5 pm) %MV, ZAUCHRZR TT Y A v
A P-SSP7 # Y S C . ZOMBE B M7 74 A4 NES T 7 4 —1k T2, MED4 % P-SSP7
LIRE T, RIS, ~A278v 270y REZFEE LTESK 200 nm O 7 E/L7 7 ZAKOHITHE
5L, BRIGEWEISRF ORI L 77— 0B EHL Z N TED (K 1a), ZOEFHEE
TARNF—T 4 NF — % 27 300kV OFEFBAMSEZ HWT 2° M TE62° OHiPH TRidk L.
ZONRy 7 TaT e arnb3IRITNES T LEFHER L, 2L T, 2O MES T ANLHM
JADEVIZWRE LT 7 77—V B2V L, L TR 2 & EPRET OFEMR 7 77— D
BIRTHEIE 1D Z LN T&E Iz, MEBERTICNAE LT 7 — Pk, Mildfime 7 A& DAEIC
Ko T3HBIZHBT LI TE (K 1b), WAE LT 7 — D 50%I3Z DR & ARIRIRAE
(Sleeping) THHZ ERbhotz, EBIT, TANDRAVICH DAL 7T 74 "= LIRTN D
EOMIELR(LE 3 Wt DL EBMNTIC L VTR ER. 77—V olusiaRistEielc > T,
XX 7V RORMTIHB > TV T ENTZ AL 7T 7 A R—=N T ANV HRNCEED BB D |
FAMIK LTREICHOD Z ENbhote, TOZEMND, AN T T 7 A4 N—OHEEZELN,
77— OWAEBBRIZBW TEE K
FHZELTWNWDZ EDRREBEINT,

1 a)MED4|C/EY: & 87-P-SSP7
D 3RIEIETTLATAA b)
P-SSP7 Ol fa % i~ D W A5 it

“Sleeping” “Waking up” “Standing”
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A=) VIEERBROBCHEBILIC L 28RER L 7 T LEE

ML ORE 2 ZRHRE NS FRUGF v N U —27 ODHBERZA T3 7 205 BEIICEERT S
LA DML, MIREY BT 2P ULMRREDO—D2Th b, Fraldfrc o &
O CHERMNZAEB T D EES 705 ED X DI U TIERLIESREN BT 2002 ) &
WO IVICHELIED B S . IO AFAIZ A T 7 ADRBEFICE DN TWHEGE L LT, #
Jao B FEB) N T G5, M, UL UDIEBREICHEN T < T4 B RIS EB) IR E %
HE L, Hrafsz g K LR HiEE LT, BRREAILEERT L. S -> TUIL®
TEREZHRET 20 TIE R, BROREREZIT o7 ETHRRIZISC TR Y KWERE L H
DT, 29 L ERERZ 5| ZEZF720iaiE, N T L h0 v 7 s A%
FINZHAEL TNDHEEZLND.

THVE THox 1L, MM Dictyostelium discoideum D7 A — SR VT, B
RELIEES), HRETICE G540 v b U UIRERBROBEM A A S A
fEfr L C&/e. BREMICESH L TWDIMEMIETIL, 41/ =1V EED
PtdIns(3,4,5)Ps A FiE G O R S IZM L, Mo A2[icixizwvw. 295 L7z
PtdIns(3,4,5)Ps JRAEDWFZEM Z A S 7 A% A A=V 7§ 570I, Akt/PKB © PH K
A A & PTEN #®eiE#H L, Yu—7& L THW7= (PHawwks-GFP &
PTEN-Halo-TMR). PHakvrks i3 PtdIns(3,4,5)Ps 1244 L, PTEN |3 PtdIns(3,4,5)P; D
SIRIZIZTE O EBRETHD. 77 F B R ZBEE LTSIV TEREED b ORI
ROWRBTH T e — T BRABONEN R T AT I A%BE L. TO/E,
PHakvpks-GFP & PTEN-Halo-TMR [3ifafEE | CH A HEMAIC RTEL L, W42 > /37 B
JRAEEBALASHRRAEE i » TR 2Bk 7 BlE S ivie (B SRR LI TR RR) . 1/
¥ b= U URRENREER OB 2 7 LER 2 O CTHETTINERE 1R 5 &, Hilao B 5 EE)
WHFEIN. 47 v b= ) VIREREROS TRIGHR Y NV —2 2 BETHHT, K
SRR RE R A DT Z O R 2 EORE T VL TE 5. ZOETAMENTICLY, 2
7aoPs b~y aOBNEE () SHOMEBMEnsZ 2mL T, A%
EENS ST ANRETDEZENGNoTEE., ZOVATAIBITD /A Xa"A Ml
HALBIHERE DI A 1 = X NI HOWTER LTV,
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KA EL 1 Antoun El Chemaly?, 24 KEP 1 Serge Arnaudeau?,
Nicolas Demaurex?, [if]fffE =] 1.3
1 KPR KA A2 FE. 2 University of Geneva, Faculty of Medicine.
3 KRR B A= fn B REAT TR R

~rnu 7y = GFRERZ EOFERMIIE, RIRE - SEMRR E 2 ER L, AW - BRET
5 LT, BYYE - BOERREBR EOBRFENLHECEZBEL TV, EEREIT. AR
MR DR S AT LB T 2N HEETH Y \NADPH 4% v & —E &0 L CEA S,
Z OIEVEILEE [ ST 5D, NADPH 4% % —F®i%, NADPH » OB 28\,
WAR T2 S L AR, BIFED & L CIlamNIc Y v b 2T 2 7260, BRI 5y
L. MRANIEEEM LT 2, Zo7k), ARSI, BREN & MIaN pH 263 5K
FTRUNELEZ BN TNz, EXEFHRFIEEZAWIEMBITIC LY | EBRAET 2 B
T v VOB DR STV 7223 (Decoursey, Physiological review 2003), % D451
ERIZEVHAH T o7z, Fx OMRETERAINTZEMEFEE T 2 b F v R
VSOP( voltage sensor only protein)if, ER&MIETHILL TV | EMKFET 1 b T
Y ARNVORHEZ R L T e, Foxid, BRMIAICKIT S VSOP OEREZ R~ 57201
PURZERC L, PR DB L 72 BIEICHOWNWT, TR Z 7 ay MEEZHWTHELE
FARIAER, VSOP IZBIUAFET HZ LRGN ERo7, I, /v 7T U v A
Z{Ep L. NADPH A% > &% —E DOIEME(L & #E) L 72 VSOP OMEREMNTICE F LTz, 4FF
k% PMA CTHER L., ISHMEELZEELIER, /v 77U b~ U AO4HERTIE, %
AR~ 7 2T, EARERMET LTz, &5, PMARIIZ LY | 4R EROEERL

FE ES- MREN pH O IR R 540, VSOP N RASICI W CTRENL & MilaN pH % il
HIT 20 FEDOHEDTHDL ZEBHLMNTRoT, Fxld, ROAT v 7L LT, VSOP
2. NADPH %3 > & —E OiEME b & #Eh L C, RlaoBEN & iaN pH % HI#H 3 25
MEZHRELI-WEBZTWD, D72, BifE, VSOP & NADPH 4% % —E Dt
HI A EAERICOWTHREI LTV

1. Okochi et al., BBRC 2009
2. Chemaly et al., J.Exp.Med. in press
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