20121000/ A

BURE 1

RAEFBHRZEMER@ €

AR HE D FE S 36

BB B ARSI A B R T 5 R T OMEA
BRSO 721 DS A FHBF OB

TH24EE R - SEFRRES

HEfEE KM A

YRk 25 (2013) 42 5 H



B 2

I. RIETFRHRE
i35\ T B BB AIIEHUE 2 FR T 2R T
DEEFIRB DT DA A FHBIZR OB %
2B B %E
KHE H

II. sy#EFREE
1. MR 2PEAETEEBERT 5 E
T OEFIER OO OMIEE AV Tz
A A FHHIR OB 3
b N I

2. BT AEFERAE LSRR TR
FOREFIRREOIZDD< T A% HWi-

23 AR OB %
IR R

III. HERROFTICHET 2 —ER

IV. FERREROTFIITH - BRI




B 3 .

L

EAZBRFZIRRHEDE (AIRLBHETFIRESE)
AE - SEPTAREE

M B s nEAEREL2 BRI 5B FOBEEA
BEROILDDONAA FFBROBARICET 585

MERERE KB 7 EIXIBALHEESF— -

MAEEE

=y MR

B2 1T FIT 30% LU L FE/NIRRITRE (235 TERE A F Nrf2 O B EFEMALIC & » TEAIRERR
RPEAPH R 7ERHOBETFSERER S, FUBAERMEZ RT I 2 RELE, o
T, g OFUBARTIEICE S T2 B HEOBRRER ZEEFE L TV OIBER T %25 FIEH
& LIZFEWEPRRHSRNE, T OMER 2 FUBAMIEL U TERT 2 Z & THRMRML
FREOERPIFEND, £ 2T, AUETEHEOFEAEMG CEEE LT 285 H 1+
Nef2 25 FIER E LI EWEIRR 2 M4 & 0 LRBAFE & WRRIC 5 /31 A 5HHR DR S
ZHBE LTWD, REEIT, BERT Nef2 O ZETEECEMIRKE A7z A1 A 3HIR OB

REIT-oT,

WESEE
AR EE
ESER AR 72— - EEHEE

A, TREEM

i ) 8 Fl & & o 2 IR/ INIa it 3
LEFOTEAOPRIEARIERFSTHY
FORRAZELTT LS s T do T,
Fx (TEERTF Nef2 OBRFEEHICEL > T
EHRERERPEAFHR S TEAE ORI
TABREIFB I, PuBAET IR RS L

ERH Uz, #E- T, M OBuEAIEGiEC
HE54 5 EAEOBRERLEEFEL T
HEEER T &5 FIEN L UL EYME SRR
i, CoBEERERMBEE LTERT
5 & TRHRNIMEFIREDOER L EO T
BIERB LU CTRBED N HARIND, £
T, ABFE TR OFUBE ARG BB
55 3RERT Nef2 250 FEME LEHEE
WEER A REEH & OXFBR L I
DA ARHUFROWEL B E Lz,



&

B. WFEEFG
MEAEBE | IR B RF Nef2 O R 2R
2 MEORLS FLaheBl, SEER. £
FEAE Sy FAL B D 13 AR R~ D % B & REE
Uiz, 7o, BRERT Nef2 £ EEEIE A
fatkz~ o 2 DETIZEAL, BHETENR
FEL7, & 6iC. BEEF Nef2 OBRERIRD
HEEMTT5EMTCY 2B b Nef2
EREORNE L ORRLERL T,

(fv B ~DFE) ABFEOEREICY 2o T
X Te M b BIRFRATIIEICE T 2
BIREH) 2V, EMBARRE Y Z &R
FRTI R MBEEZERICBWVWTEELX
THEROARBEH/TCEBL TS, k.,
B E RO TEASBEOFET S
EHEEIC ST 2B EREDOEKICHET 2
HAMES) ICREVER L,

C. FFEMRRE

REETF Nrf2 OEREFEEIEE IS5
ZHIRIL 100uM DIRE DB % 24 REHEEA &
B THREES 5 Z L DSz, £ 2 T, 100 uM,
10 uM, 1 uM OREET, MIMREEICE X5
FEERFELZE ZA, 1 ul OB THHI
EFEPE S LY RV ERBEORE N
TEBNbholk, FZ T, {LAYDOEEE oM
A —F —CHIlIER S ¥ Z A, Nef2 A3
TE 72 e AR B Ak & [RIRR BE oD AR 8 FE #1120
BBHTLEIZ B brolz, £Z T, oM
F— & —ToO Nrf2 BEMHEZHE Lz &
5, EEMHIRITE BT D Z L3k
Ripolc, LLEDORITHERL Y. RH LK

LR Nef2 BB GE 2 FF0 25, Milla

Bl A R TIEESE W2, Nef2 IRE
R IRE T OMIRETEMEIZ R PR T &
RWZ Epbhol, £o, BERTF Nrf2 £
WEIEE LB L~ v 2AORTIZEAL,
3 FEOMIGH P BIEFRRETH D Z L bh
oty Eblc, KIBEEBOTERLEY 2
YEF b Nef2 BAEB IO Maf¢ ERE
(Nrf2 &~nTud A ~v—2 BT HEF) %
REWEH, TUOEAETHAVT, it
EHED TV D,

D. EZ% - i

RERF Nef2 OBEEHRZRTIES L
BWIEERBWZD, Bk ~ORRE
BWEET 5 Z L idHkeE o, 4%, AL
TWBIES L&Y DR & IR - fRAT L.
Nrf2 OMEDREZ R 528, MlaFLE
WMEEMERET D, Eio. k. HEDR
T~ ATHRIEFREZ: Nrf2 RETEMELIGE
fifatkz R L7zoT, 9%, FIALTHE
72V, &b, Nrf2-Maf¢ BHREORERILE
RIS, BEMT A ED TR 20,

F. EEARE S
2L,

G. BrERR
SRR F IR,

H. 5 B EEHE O HEE - BERIL
e iR v T



HIHE 4

EAEFBFEFRERMNE (AIREREEFFEERE)
SERBEE

IR T 2B ERELEER T 2B FOREARROLDO
MEE RS AHBROBRRBICET 2%

MRARE KB H BEIBPALBRESF— -

MREE

2=y bR

AR T O PUBRFIEIME I BB 5T 2 BE R F Nef2 20 RO & LIZREMERER
BB L OHFERREE RIS T 2MIBE AW A AR OEEL gL LTWD, KE
B BELEACAFUREANT, RE—AV A=V (1 FHE) TORT Y —=2 72TV,
FEEER O N BB EF Nef2 OEEERMREL b0 2 MEOERY F LAY OBAMEKIZB T 5%

ROMFEEIT > T,

A BFEBH

AHFIE TR O TR A - E B &
THEERTF Nef2 240 FEE LIZHEY
BRRAMEST L OXRBARELAEICTD
MR 2 AN T A AERHAR OfEER LT A
AR OBRFEEZ AR E L,

B. HFF 5

WE4EEE, BR B[R F Nrf2 B FE AL
WEAWT Nef2 OEDREZ R TES L
EMERH LE, 22T, ZhblbEBoE
MR A~OR LRI LTz, FEL. 2 B
DEEERT Nef2 O REEME(CEMRREE %
6em FL— MIHEE, REORR{LEME

Mz, 3 RAEICEHEH (Z0ELEamE
W) 2TVEEZITH, 12 HEICan=—
BErtx. LEWOTRML TV RV
(DMSO D AHFEA) THO = m=—%% 100 & L
T, MRATFRZUE L, £, XTT 4
Tarybu—a b LT BEREF Nef2 OEER
PR 2 VT,

(fEE i~ D ELRE)
AZEEOERICYUTZ->TIE Te "7 b - 3&
BTN R B9 5 mERER S I29Ev, B
SEB AR v AR TR B A
ZERIBVTHAZZTHEROARRBER
TERLTWS,



C. FFm R '

E. WRRE

RERF Nef2 OEEFEEMEZIMHE TS
ZhR43 100uM DREDEY % 24 RERIFEA &
W THRAET D Z & S kT, £ Z T, 100 uM,
10 uM, 1 uMBLTN0 uM OIRE T, HMIluHgFE
BICEZDHEEBEBRIELLL A, 1L M DR
ETHMIBETFRIE X LD, 2720k
FEHEOBNZ E b ok, TZ T, LEY
OREEHE oM F—F—THRIERSE
Jo & Z A, Nrf2 WIEF 2 Mok & FRRE
OHBEEMBEN DRI HTLE S Z &b
ol FZ T, BB aMA—F—TO Nrf2 7
BEIMHREEZRE L 25, EMHIEIEE
ST 2 Z L BHERPo T, L EDfEYT
R LY R L& TEE 1T Nef2 B2 5
PR AR o3, MIATEME 2 R IEES R
7e®. Nrf2 BREHIflRE 2 R I B T OMIEE
FEMHI SR AR TE RN LB bh o7z,
WIZ SR B R Nrf2 OERBIEME(LEE % Ik
THES LAY DOEEELEMEZAF L,
Nrf2 OEREIEMALRE 2 M 28 0 &H 21k
EMERE LI L Z A, Nef2 OEEEE(LEE
B A8 T E W& BREEA T,

D.EZ%£ - fw

WEEE R LB R 1 Nef2 OEDR
ERTIES LA MaEES & <. Nef2
DOREZHREZRTIREICRT DB ~D
PHEERIET D Z L IXHR R o, KT,
Nrf2 O ESR & RS FLE W OGS
(RSFbEM) ZIE L, Nef2 OFLEZR
ErRbEWE 2 BEA, 4%, ThoE

AR OMIETFILE BRI L, Nrf2 £ETE

ALK I RIET R EER AL TET
bb, £z, | FHEEOKS FILEMTAT
F U =6, EREERF Nef2 OEDED
A7 Y-V TRARETH D Z LB LT
DT, 5tk WERF Nef2 OFREWE DO X 7
U —= v 7 R RERE L o RBFIE L LT
DTIT FETH %,

F. REMARE R
7L,

G. Rk
1. FRXEE
3L,

2. PRRER ‘

1 EARET. KB WEAEOHEE
DOYRFE. 5 71 B A ABERPRRE,
2012.

2. WAfkE., XBEA —ERESTICXD
DNA BEEREOEEET. & 71 |
AAERFRFIRE. 2012,

3. WiAMKE, KBS —HEELRCLD
DNA EEEREOEMET. % 35 H
AASFEMFRFESR, 2012,

H. MM EEO HE - B&RKR
2L,



%

AR BRERER RS (AN
SRS E

MBI 2HEAMEREZHR T IR FORBFAREOLDO
MM E AW A FFHEIR OB T 555

WaoEE L+E 2E BXPATRRCF— - ZEBER

WREE

AWFFECIIIGE OPUERIRGE I C BB 5 T 2B R F Nef2 2 0 FEO L LI-AEWERR
USRS E ORFBARE R T 2MRE AW FFHIROEELZ BN E LT 5, KF
Eid, v ABHEL THATE 285 R T Nef2 OB EEHECEMRRKORER. BLO. &BF
R F Nef2 OREMRIT O D DEAEREFE - BREIT- 72,

A BB

AT FE C I O Fup A I I B 5
THEERTF Nef2 20 FENE LIZHEY
BHREZHEST ORI L FEEIZT D
v U A& AW AL AFHROBE., B L,
BRERT Nef2 OBERITOOOERER
ERYL - BREANE L,

B. IR H
FHRICEEBRTF Nef2 OREEECERR
BRARE U, FIEE. Mifsiaik 16 BE%
AF L. RT-PCR #EZE AW TEERF Nef2 @
THBEETOREEE M Lz, KIZ, Nrf2
DO TFTHRBEEFORRENE N L BRER SN
7= MEAGARIZ NRF2 B AR TR 2B 72 siRNA 238 A
LT NRF2 B FORERE ) v I v s

BEIT, Nef2 O TRBEFOFRBRENMET T
HfRERIR LU, ¥/ BEREF Nef2 O
EREATOT- %, DNA &ML KIBE 2 v
THEBIYE, 77=F4—Ju~hr 574
—FRAWTHR L, FRbERL,

(M ERE ~DFELE)
AMFEDOERICHET->TIE Te M A&
S RITIRSEIC B3 & B EE S 1[29Ew. E
MRARE v F BT R EEE
ZERIBWIHEELZZTHREROARLE
CEMLTB, Eio. BE AR
(B4R OFTE T 5 EHHEEICRIT 28
MEREDOERICET 2 EATE ) ITHEWE
i L7z,



C. 3R # %

JE AR 15 B CIRER T Nef2 O F

BARTF ORBLA B @ ORI Y 4 FE3E R
Shic, 6T, 215 4 IO MIERIZ NRF2
BARTRRE 7 siRNA 23 A U T NRF2 BisF
DORBRE /) vy ¥u 3¢ E A, 3 B
DR CERERT Nrf2 O THRERT O3
HENMETTdZEB8bholz, KIZT, Z1
b 3 BEHOMBEKE U ADR TICEAL,
B ATREAMRAE LTz, SR o Mlia ks T
20 10 FlEZ~ Y ADRTICEAL, HE
DR EBE L L A, 2 BEOMMEAIE
BEERT DI Enbholz, 6T, Zh
b 2 FE OO RBIRFD 2 m =—JEhk
BEERRTZL A, v U XA TOEBIAAE
FETAZ EBbhotz, £z, KIBENT
Nrf2-MafG AT A v —Z BRI DD,
His-Nrf2 & GST-MafG % RREIZ KIGE N T3
BRIz, 2R, DRLIIKRBEANT
Nrf2-MafG ~Fm & A v —BERI, =v
TN T EBEIPGCT T 2ERNTKRED
Nrf2-MafG ~7 m & v~ —EEhEREEE
7o

D.E. B8 - ¥

ok, RSN AEEME Z < U A THRIE
THEDITE, vV ACBIETREREER T
Nrf2 BEFEE(CIEARS LI &R D08,
EAERE 2 MROBMIERE B TR Y . MFER
2 1R ADLETEE 3 ke B, 5%, &
BRF Nef2 OFLEMER{ONIHE. Z
b 3EMANT, BMERIICHLTTE
WEEBSTWD, F, Nef2, Mafc OERE

B LTI, Nef2 & MafG # R KIBE RN

wﬁ%ﬁéﬁélkklof\MﬁﬂﬁGA?

uFAv— RECERCTE, BE. Zh
LOBRIESR ZHNWTEBEES RO R

F. BELAREHR
L,

G. BrEERE
1. FRXER

1. Yamazaki T, Aoki K, Heike Y, Kim SW,
Ochiya T, Wakeda T, Hoffman RM, Takaue
Y, Nakagama H, Ikarashi Y. Real-time in
vivo cellular imaging of graft-versus-host
disease and its reaction to
immunomodulatory reagents. Immunol

Lett. 144, 33-40 (2012).

2. ERRR

1. EATEEM. FREBEE. NKT MEY T
v Rk s REEhSEREEED K
—Hifa oA EIE. 71 E AARER

&
2 s 2012,

iy

H. S EHEOHE - B&RHE
al,



B 5

WHRRROHTICHET I —ER

HERS
BRE KA WA VA RRIA e | v HiARAE
Yamazaki T, Real-time in vivo Immunol Lett. 144 33-40 20124F

Ikarashi Y., et al.

cellular imaging of

graft-versus-host disease
and its reaction to

immunomodulatory




Immunology Letters 144 (2012) 33-40

Contents lists available at SciVerse ScienceDirect

Immunology Letters

journal homepage: www.elsevier.com/locate/immiet

Real-time in vivo cellular imaging of graft-versus-host disease and its reaction to

immunomodulatory reagents

Takahiro Yamazaki?, Kazunori Aoki?, Yuji HeikeP, Sung-Won KimP, Takahiro Ochiya®, Takako WakedaP,
Robert M. Hoffman¢-¢, Yoichi Takaue ¢, Hitoshi Nakagamaf, Yoshinori Ikarashi -+
2 Division of Gene and Immune Medicine, National Cancer Center Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

b Department of Hematology and Hematopoietic Stem Cell Transplantation, National Cancer Center Hospital, Japan
< Division of Molecular and Cellular Medicine, National Cancer Center Research Institute, Japan

d AntiCancer, Inc., 7917 Ostrow Street, San Diego, CA 92111, United States

e Department of Surgery, University of California San Diego, 200 West Arbor Drive, San Diego, CA 92103-8220, United States

f Division of Cancer Development System, National Cancer Center Research Institute, Japan

& Institute for Research, St. Luke’s International Hospital, Akashi-cho, Chuo-ku, Tokyo104-8560, Japan

b Central Animal Division, National Cancer Center Research Institute, japan

ARTICLE INFO ABSTRACT

Article history:

Received 28 December 2011

Received in revised form 2 March 2012
Accepted 4 March 2012

Available online 15 March 2012

Keywords:

In vivo cellular imaging

GFP

Allogeneic hematopoietic stem cell
transplantation

Graft-versus-host disease

Visualizing the in vivo dynamics of individual donor cells after allogeneic hematopoietic stem cell trans-
plantation (HSCT) will enable deeper understanding of the process of graft-versus-host disease (GVHD)
and graft-versus-leukemia (GVL). In this study, using non-invasive in vivo fluorescence imaging of the ear
pinna, we successfully visualized green fluorescent protein (GFP) donor cells at the single cell level in the
skin. This imaging model enabled visualization of the movement of GFP cells into blood vessels in real
time after allogeneic HSCT. At day 1, a few donor cells were detected, and the movement of donor cells
in blood vessels was readily observed at day 4. Early donor cell infiltration into non-lymphoid tissue was
increased by treatment with croton oil, as an inflammatory reagent. Treatment with dexamethasone, as
an anti-inflammatory reagent, suppressed donor cell infiltration. The in vivo cellular fluorescence imag-
ing model described here is a very useful tool for monitoring individual donor cells in real-time and for
exploring immunomodulatory reagents for allogeneic HSCT, as well as for understanding the mechanism

Immunomoduratory drug of GVHD.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) is an
effective cell-therapy for hematological malignancies [1-3]. Donor
immune cells in the graft promote the elimination of leukemic
cells known as graft-versus-leukemia (GVL). However, donor T cells,
which recognize major and minor histocompatibility antigenic
disparity between donor and host, trigger host-tissue damage,
termed graft-versus-host disease (GVHD), which is a potentially
fatal adverse reaction of allogeneic HSCT [2--5]. The control of GVHD
is one of the major challenges in clinical oncology. In vivo imag-
ing techniques using green fluorescent protein (GFP) or luciferase
transgenic mice as donors have been used to visualize the dynamics
of donor immune cells after allogeneic HSCT. Imaging has demon-
strated that donor T cells initially migrate into secondary lymphoid
tissues where they undergo activation and proliferation and enter

* Corresponding author at: Central Animal Division, National Cancer Center
Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045, Japan.
Tel.: +81 3452 2511x4452; fax: +81 3248 1631.
E-mail addresses: yikarash@gan2.ncc.go.jp, yikarash@ncc.go.ip (Y. Ikarashi).

0165-2478/$ ~ see front matter © 2012 Elsevier B.V. All rights reserved.
doi:10.1016/j.imlet.2012.03.004

target tissues, such as the liver, gastrointestinal tract and skin
[6-11].

In vivo fluorescence imaging has been widely used for whole-
body visualization in real time and multiple colors [12-20]. Further,
single cell imaging can visualize lymphocyte trafficking in lym-
phatic and blood vessels [21,22}], as well as cell-to-cell interaction
in lymph nodes [23,24]. In a GVHD mouse model, donor cells were
tracked at the single-cell level in vivo {7,25].

In this study, using in vivo fluorescence imaging with cellular
resolution, we evaluated the effects of immunomodulatory drugs
on donor-cell migration at the single-cell level in non-lymphoid
tissue such as ear pinna. It was thus possible to assess the effects
of the drug, and have a control, in the same animal when the drug
was painted on one ear pinna with the other serving as a control.

2. Materials and methods
2.1. Mice

Female C57BL/6-Tg (CAG-EGFP) mice (termed B6-GFP-Tg, H-
2b/b) ubiquitously expressing enhanced green fluorescence protein
[26], and (C57BL/6NCrSlc x DBA/2CrSIc) F; (termed BDF1, H-2b/d)
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Fig. 1. Invivo fluorescence imaging of donor cells in opened mice after allogeneic HSCT. Spleen and bone marrow cells from B6-GFP-Tg donor mice were injected intravenously
into BDF1 mice. (A-C) Mice were sacrificed and opened. GFP donor cells in whole body were visualized with the OV110 Small Animal Imaging System (A: control, B: 1 day,
C: 14 days). (D) Thirty five days after transplantation, shaved mice were anesthetized and imaged with the OV110. Arrows indicate GFP+ cells in organs.

mice, were purchased from Japan SLC, Inc. (Hamamatsu, Japan).
All mice were maintained in specific pathogen-free conditioned
animal facilities at the National Cancer Center Research Institute.
Mice between 8 and 12 weeks of age were used for all transplan-
tation experiments. Animal studies were carried out according to
the Guideline for Animal Experiments and approved by the com-
mittee for ethics of animal experimentation at the National Cancer
Center.

2.2. Allogeneic HSCT mice model and treatment with
immunomoduratory reagents

A mixture of 5 x 107 spleen cells and 5 x 10° bone marrow cells
from B6-GFP-Tg mice was injected intravenously via the tail vein
into untreated BDF1 mice as described previously {27,28]. Croton
oil, used as an inflammatory regent, and dexamethasone, used as
an anti-inflammatory reagent, were obtained from Sigma-Aldrich
(St. Louis, MO). At 3 h or 7 days after allogeneic HSCT, the mice were
painted on the right ear pinna with croton oil (acetone 1 w1/20 pl) or
dexamethasone (acetone 0.5 j.g/20 pl), respectively. As a control,
the same mice were painted on the left ear pinna with 20 placetone
alone.

2.3. Variable magnification in vivo fluorescence imaging

The OV110 Small Animal Imaging System (Olympus, Tokyo,
Japan) with a cooled charge-coupled device CCD color camera and
a GFP-bandpass filter, was used for non-invasive imaging from
macro to micro [13]. The mice were anesthetized with isoflu-
rane by inhalation, and sequentially imaged for the GFP donor
cells in the ear pinna and shaved skin. Exposure times were

optimized and identical for each experiment. Video was acquired
at 10frames/s. All images and video were obtained with OV110
software. To assess the effects of drugs on donor cell infiltra-
tion after allogeneic HSCT, GFP donor cell infiltration in the ear
pinna was quantitatively analyzed. GFP donor cells in the ear pinna
were initially counted and calculated as the number of donor
cells per mm?. At later stages after transplantation, the fluores-
cence intensity of GFP was calculated with OV110 software. To
avoid contamination of autofluorescence from hair, images were
obtained from the hairless areas in the ear pinna. When video of
the movement of GFP cells in the blood vessels was made, hair
in the ear pinna was removed by epilation to avoid autofluores-
ence.

2.4. Donor cell imaging in tissue sections and
immunofluorescence staining

Tissues were fixed with 4% paraformaldehyde in PBS at 4 =C for
1h followed by transfer into 10% sucrose in PBS for 12-24h and
20% sucrose in PBS over 12 h. The tissues were embedded into an
0.C.T. compound (Miles Laboratory, IN), and quickly frozen in cold
isopentane. For immunofluorescence staining, the frozen block
was cut into 5 pm thick sections with a cryostat (Sakura Finetek
Japan, Tokyo, Japan). The sections were air-dried and incubated
with blocking solution (5% normal goat serum and 1% bovine
serum albumin in PBS) for 30 min and then incubated overnight at
4°C with anti-CD3e (500A2, eBioscience, San Diego, CA). Sections
were then incubated with Alexa Fluor 594-conjugated goat anti-rat
IgG antibody (invitrogen) for 1h at room temperature. After each
incubation, sections were washed with PBS containing 0.01%
Triton X. Sections were mounted with VECTASHIELD with DAPI
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Fig. 2. Quantitative in vivo fluorescence imaging of donor cells in the ear pinna and the effects of inflammatory agents. (A) At 3 h after transplantation, croton oil (right panels)
and acetone alone as a control (left panels), were painted on right and left ears, respectively. At day 1, GFP donor cells in the ear pinna were imaged. Low magnification
images are in upper panels (scale bar, 2mm) and high magnification images are in lower panels (scale bar, 250 pm.). Data are representative of 7 mice. (B) At day 1 after
transplantation, GFP cells were counted in the ear pinna with high magnification and the number of GFP cells per 1 mm? was calculated. The data were from 13 fields from

5 mice and show mean = SD. **p <0.01. Arrow indicates GFP+ cell.

(Vector Laboratories, Inc., Burlingame, CA). The sections were
observed under fluorescence microscopy (Eclipse E1000, Nikon,
Tokyo, Japan) equipped with a QICAM FAST1394 CCD camera
(QlImage, Surrey, BC, Canada) and Meta Morph software (Universal
Imaging Corp., Buckinghamshire, UK). In the tissue sections, the
number of donor cells was quantitated by manually counting
GFP cells.

2.5. Statistical analysis

The statistical significance of differences between experimental
groups was determined using the Student’s t-test.

3. Results
3.1. Fluorescence imaging of donor cells after allogeneic HSCT

Using a fluorescence macro-microscopic imaging system
(0V110), we could clearly visualize GFP donor cell localization in
mice with open abdomens (Fig. 1A-C). GFP fluorescence was easily
distinguished from orange autofluorescence in the gastrointestinal
tract (Fig. 1). Similar to previous reports [7}, donor cells immedi-
ately localized to secondary lymphoid tissues and then infiltrated
into the whole body in the allogeneic HSCT recipients. We read-
ily detected GFP cells in the shaved skin, ear pinna and forelimb
at day 35 after transplantation (Fig. 1D). GFP donor cells were also
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Fig. 3. In vivo imaging of exacerbation of donor cell infiltration by treatment with croton oil. (A) At 3 h after transplantation, croton oil (right panels) and acetone alone as
control (left panels) were painted on right and left ears, respectively. At 7 (upper panels) and 14 (lower panels) days after transplantation, GFP donor cells in the ear pinna
were imaged with the OV110 (scale bar, 2 mm.). Data are representative of 8-12 mice. (B) Fluorescence intensity of GFP was measured with the OV110 software. The data

were from 8 mice and show mean = SD. *p <0.05, *p <0.01.

detected in the liver, small intestine, lymphnode and Peyer’s patch
at the single-cell level in the dissected mice (data not shown).

3.2. Non-invasive in vivo fluorescence imaging of donor cells in
the ear pinna at the single-cell level after allogeneic HSCT

To sequentially monitor donor cell infiltration after transplan-
tation in the same mouse, we imaged the donor cells in the ear
pinna. We determined whether donor cells could be non-invasively
imaged in the ear pinna at the single-cell level. At day 1 after trans-
plantation, donor cells were detectable at that site (Fig. 2A, lower
left panel). Further, we could observe the movement of GFP donor
cells into the blood vessels in the ear pinna. At day 4, GFP donor
cells rapidly flowing, rolling or attaching to the vessels in the ear
pinna were observed (supplemental video 1). These results indicate

that it is possible to non-invasively monitor the dynamics of donor
cells in the skin at the single-cell level. ’

3.3. Imaging the efficacy of immunomodulatory agents

We assessed whether non-invasive in vivo fluorescence imag-
ing would be useful for screening immunomodulatory drugs for
GVHD in the skin, which is a major target for GVHD. First, we tested
the effect of croton oil as an inflammation stimulator after allo-
geneic HSCT. At 3 h after transplantation, the mice were painted
with croton oil on the right ear with the left ear serving as a
control. At day 1 after transplantation, increased infiltration of
donor cells was clearly observed at high magnification in the ear
pinna treated with croton oil (Fig. 2A). Moreover, it was possi-
ble to count GFP cells in the field and calculate the number of
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Fig. 4. Quantitative analysis of donor cell infiltration in frozen sections. (A) At 3 h after transplantation, croton oil (right panels) and acetone alone as control (left panels)
were painted on right and left ears, respectively. At day 7 after transplantation, GFP cells in the frozen tissue sections were observed by fluorescence microscopy (scale bar,
50 wm.). (B) At day 7 after transplantation, GFP cells were counted in the frozen sections. Data were from 20 fields from 3 mice and show mean £ SD. **p<0.01.

donor cells per area. At day 1, a few GFP cells were observed in
the control ear pinna, whereas approximately 90 GFP cells per
mm? pinna accumulated in the ear after treatment with croton oil
(Fig. 2B).

At 7 and 14 days after transplantation, donor cell infiltration
was obviously increased in the ear pinna by treatment with croton
oil (Fig. 3A). Since counting the number of infiltrating donor cells
with the OV110 was difficult, due to the accumulation of many
donor cells in the ear pinna, we calculated the fluorescence inten-
sity per area using OV110 software. The analysis showed that donor
cell infiltration was significantly increased in croton-oil-treated ear
pinna at 7 and 14 days after transplantation (Fig. 3B). To validate
the quantification of donor cell infiltration using in vivo imaging, we
compared it with the conventional method of counting the num-
ber of GFP cells in frozen sections. Similar to in vivo imaging, GFP
cells were found to be significantly increased in the frozen sections
from croton-oil-treated tissue (Fig. 4). These results indicated that
non-invasive in vivo fluorescence imaging is able to evaluate the
effects of immunomodulatory drugs on donor-cell infiltration after
allogeneic HSCT.

In order to determine whether anti-inflammatory drugs
suppress donor-cell infiltration in allogeneic HSCT recipients,
dexamethasone, as an anti-inflammatory drug, was painted on
the right ear at day 7 after transplantation and monitored for
alteration of donor cell infiltration (Fig. 5A). In vivo fluores-
cence imaging revealed that dexamethasone could significantly
suppress donor cell infiltration at 14 days after transplantation
(Fig. 5).

3.4. Identification of infiltrating cell subsets using
immunofluorescence staining

Next, we identified the subsets of infiltrating cells. At day 7 after
transplantation, CD3* and GFP cells were observed in the croton oil-
treated ear pinna, using immunofluorescence staining (Fig. 6A and
B). At day 14, dexamethasone treatment suppressed GFP-cell and
CD3*-cell infiltration in the skin (Fig. 6C and D). GFP~ CD3*-cells
derived from the host were also observed (Fig. 6B and C).

4. Discussion

An analysis of the in vivo dynamics of donor cells is useful for
understanding the process of allogeneic HSCT, such as GVHD, GVL
and reconstitution of hematopoietic and immune systems. In vivo
imaging techniques are suitable for an analysis of the dynamics of
donor cells after allogeneic HSCT and have revealed their migration
and expansion patterns [6-11}]. In the present report, we showed
that a non-invasive in vivo macro-micro fluorescence imaging sys-
tem is a very useful tool for monitoring donor cells at the single
cell level and in real time, and for exploring inhibitory drugs and
exacerbating factors of GVHD.

The skin is a major target tissue of GVHD and cutaneous
involvement is the most frequent GVHD manifestation [4,5]. To
monitor the skin after induction of GVHD, it was possible to non-
invasively and sequentially visualize individual GFP donor cells in
mice {3]. Further, using the ear pinna, GFP donor cells infiltrating
the immunomodulatory drug-treated ear were able to be compared
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with those in the untreated ear in the same animal, enabling the
determination of the effects of immunomodulatory drugs for skin
GVHD at the local level. It has been previously reported that donor
cells could be detected in lymph nodes at 6h [7,29]. Using fluo-
rescence macro-microscopy, we could image individual GFP donor
cells in whole ear pinna including the trafficking of donor cells in
the blood vessels.

Fluorescence imaging as well as conventional methods for
counting GFP cells in frozen sections revealed that GFP cell infil-
tration was significantly increased by croton oil. The advantages of
in vivo fluorescence imaging are its ability to count individual GFP
cells in the large area of the ear pinna and evaluate the degree of
donor cell infiltration in real-time without having to make frozen
sections. Moreover, we could sequentially monitor GFP cells in the
same animal to compare treated and untreated ear pinna in the

same mouse to evaluate the effects of drugs on skin GVHD in real
time.

Regarding selectivity of donor cells recruitment, Panoskaltsis-
Mortari et al. [7] reported that donor cells were observed in
lymphoid tissues at 7 days after transplantation in syngeneic mice,
but they are not present or present only at low levels in target tis-
sues such as skin, liver and lung compared with allogeneic mice.
Therefore, we suggest that donor cells which are observed in the
skin in our report are selectively recruited.

Immunofluorescence staining analysis enabled identification
of the infiltrating donor and host cell subsets in the lesions
and increased our understanding of the pathogenesis of GVHD.
Immunofluorescence staining revealed that at day 1 after trans-
plantation, GFP cells detected in the ear pinna treated with croton
oil were Gr1* cells, and that a large number of recipient Gr1* cells
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Fig. 6. Identification of infiltrating donor cell subsets using immunofluorescence staining. (A and B) At 3 h after transplantation, croton oil (B) and acetone alone as control
(A) were painted on right and left ears, respectively and analyzed at day 7 after transplantation. (C and D) At day 7 after transplantation, dexamethasone (D) and acetone
alone as control (C) were painted on right and left ears, respectively and analyzed at day 14 after transplantation. (A-D) Frozen sections of ear pinna were stained with
CD3 monoclonal antibody and GFP and CD3" cells were observed by fluorescence microscopy (scale bar, 100 um). Arrows indicate GFP CD3" cells (donor T cells). Data are

representative of 3 mice.

(GFP~ cells) also infiltrated (data not shown). Croton oil stimula-
tion is known to induce neutrophil accumulation [30,31]; therefore
early recruitment of both donor- and recipient-type Gr1* cells
could be elicited by croton oil stimulation rather than allogeneic
responses. Activated neutrophils produce several chemkines such
as CXCL9, CXCL10 and CXCL11 which attract CXCR3-expressing T
cells [32-34]. Furthermore, on day 3 after transplantation, CXCL10
and CXCL11 produced in target tissues, directed the early recruit-
ment of activated CXCR3-expressing donor T cells [35]. Our results
showed that increased donor cell infiltration was observed in the
ear pinna treated with croton oil after transplantation. We sug-
gest that increased donor cell infiltration could be dependent not
only on inflammatory responses by croton oil, but on allogeneic
responses as well. Immunofluorescence staining of CD3, infiltrat-
ing T cells showed they were both donor and recipient. In this
study, we used non-myeloablative allogeneic HSCT mouse models.
Recipient immune cells were not depleted by conditioning; thus,
recipient T cells might be involved in the lesions [22]. Treatment
with corticosteroid alleviates skin GVHD, which was demonstrated
by fluorescence imaging in real time.

In conclusion, non-invasive and single cell in vivo imaging using
a fluorescence macro-microscope is very useful for drug screening
for early- and late-stage GVHD in real time.
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