N/
S
\u

R
g S’
O
N
On
X

JE AT R R FE R B &

A TN T - LYY E TSR

012 FIZEELT-FHE oot oA LR BEANIE 2 -2k
TEEVERESL. DT O O BT VB3 & SARS-CoV & DRI
B3~ A HF5E

moefERE &l ST

SRk 27 (2015) &£ 3 A



EAEF BB E M &
Tk 26 BE A 7N YRR - B ERGLEDTICHEE R

012 FEIZRALTEFHE han oA NV AENITE A T2, 15F
EFESIL D 7= D DB T T VERZE & SARS-CoV & DRI B4 A28

roefERE EH AT (ESLREYSENTFET R G EEET)
wAtsE fAr Es (ESERERTEE 7 — SR GYE
BFSEHR)

KE S (ESTBE R SRR D)
s A (SRR BT
G SR o e
(AR BT (ESRUET AT R
EE P (ESBIERIRET T A A
Bl B (ESTESERTIERT 7 | L= D)
B HH BURHSAFEREL



H X

I. RIEFZEEHRE
2012 FIZRAE LIZHAE han oA L RE N 2 7220, TREIEREN
DD DEMTET VERZE L SARS-CoV & OERINZEET 24

I 1
L BFERBEOFITICHEIT B —BR  ommrrerereemessrees oo 10

I e B 12



K&
R



BEAEFBRERTEEMEE (FHRA 7NV U VS - BFERLERTETE)
RIET SRR E F

MO12FEIZRELEFHAE haaF oA NV REBAICHZ 208 I1BEIEESL O DO
B e L BEF & SARS-CoV & OERNC T HHF5 )

MEREE BH KT EXBREENZEEH EEMREE

MEEE . 2012F 9 AICHRCHEMRBERZEZ TREENRE SNz, 2003 F
\ZRFEAT LT~ BIE AR SR EBEEE(SARS) O HE N L o -0, BENSIIHHED
EhaagF A NVATHD P RERBEEFE 2T U A )L Z(MERS-CoV) 23 73 B S 41
oo BIEDWMATIIFRERF LN, BRINH-IE TITBEHEF LHEFR L TWND, TOD,

BATHES%, BENEBAZEE LIS HNBHET, KEMEOERE, 2. 158, T8,
it BB BB Th D, EHBUUDERZRT SARS L OERIZE L AREES L,

BEETHDH, £ T, ABFFETiE MERS-CoV 12X LIREMEDMIA, V7 F o lnh
PHPERBR, U A NV ABEFEEAL O RIE R L OB IGE Z I RET 3§ 2 - o By
T IVDFESL & SARS-CoV L ERIFIRERIRNEZ MR DENLA1T S, MEEIIv U AR X
W7 v D MERS-CoV IZXT HREZMHEEZBET L, 2D OB TR B L7z
BEErHLOIC L, ZORRNO/NEWMEEET NV EZHILT HI21X, MERS-CoV O b
7 Z—ThoHE I CD26 BEEBLFURE~Y Y ADERBNEL ST, 22T, K
FEITE b CD26 BEBEFHRES UV RADEREZIToT, 0EDT7 7 U F—< TR
NEBTE, BE, TNOLORKEMILFTTH D, Rk S~ 7 XD MERS-CoV
BEZHEERSN, RREEZBEBRL W TFETHS, SHIZ, B b CD26 BEELRTUE
T VADE _HRE LT, /v I/ AV UREREZHEBELTRBY , REEIIY TR
w7 AT HE kCD26 EIEFIZ DWW T, MERS-CoV DR NS SN 5 HEE % 7
RAEFZH, v ACD26 &t b CD26 DF A TEEZER L, in vitro THRE 21T o7~

t b CD26 TlL MERS-CoV @ S BEHBEEHEBO—HICHEE TS~ A CD26 ©
aa326-340 Z t MNENZEHA T B 721 T, MERS-CoV D<= 7 A MR kb9 5 R et % 8
BTElz, ZTORRNL, /v 7 AT BHEEIT aa326-340 BN E&E THDENHL M
W72 o Te, Fio, REEIL MERS-CoV DIREMMBZWIELHESN LTz, FEF~ U RIZ
MERS-CoV Z##FE L., VA NVASEENCTEXZEEEZEE= bua— b L, in situ
hybridization {EIZ W5 7' 1 — 7 O i & MERS-CoV DN & B I3 5 HiiR 0 # Bk
2P ~_7-, 71 —7 T MERS-CoV BFDOBEIIFTEETH 72, 7. REEBIE
HEIZL Y MERS-CoV & N7 DIH B FIBETH o7z, T bIT, T DHEIE SARS-CoV
LI ZEE T, MERS-CoV R THo7FEN DL, SARS BE L OERINAETH S
ERENTE, SEIFESLLIZFEIZEY, SR OBEERREREDOX IS AIRE & 2o 7,




Mo IE

MATES (ExXERERMEE 2 —
T 2 T IR BLJiE Rl A1 BF 2 358)

K H B (E SLIR S E DT FE AT R e 2

)

(1] 32 7% Y JiE FF 92 P e

#)

(1] 7 B Y i BF 5 P R G s B

#)

(1] 2 YL SiE AF ZE BT IR Y o 2

#5)

(E SLRRGYIEAFSERT 7 A v R

H—ER)

(I SLRRGLERT FERT ¥ A /b R

5 =#)

(BT SL R E S ER)

&

AR B et

BT
Ve
)
R LN
Z W

A. HFEHEB
PHFRIBEFEE I T U A LA
(MERS-CoV)i&, 2012 FIZHE CTHRAEMN
FEREIN-FHROL haoF v AL VAT,
HEMERER EBRENE-EINT
W5B, FORERD b EIE S M A3 E
BE(SARS) & DERIZE N ME T, HESE
T (201542 A 5 HELTE) 12 965 ADFE
EBRENBY, 205 B 357THMBET L
TW5, AITIEREHRWVNTEBY, 5% 0
BARTORATICNZ T2W, 1K, Big
MERBBETHDH, &I TERPFRETIX
MERS-CoV iZxt LIRRM DR, U 7 F
ViR EOFHERBR., U A RHEFEHAL
DEER L OREISEZ MR T 5
., BRPREBMET NVORESL ERRD,
i, ZTNEFALTCR2ZE. BEBX
OFBHED KBS 24TV, MERS-CoV D12
ANZEZ D, REEIZE b CD26 &
BFRE~Y TV ZADEREIT o7, £z,
MERS-CoV [ EERIEIR 25 SARS & FH LI L
TRy, BRZHBLETHD, T0O

¥». MERS & SARS O#ERINAGE/2 /NS
7 4 AR R W R B R
Wik & fesT L=,

B. #F4E5 Ik
(1) & hCD26 3B~ AEHERMIBIZ
BT 5 MERS-CoV &Yt D#ET

< 7 ARRAESEHE A B S 0 NTH3T3 #ifiR
(\Z FugenHD Z VT, &  CD26 HEH T
SAIFRENF VAT a v iz,
NGV ART 27 g %, 24 BT 107
TCIDs¢/ml ® MERS-CoV % MOI=0.1 ® ™
A NVAE TR X7, BE% 0, 1, 2,
3 H®DEFEEEIZ L., VeroE6 #IZIZ I T
% 50%HH fa ks R YL & (TCIDso) % Kérver
BICEVEHL, BREYALVRESH
E LT,

(2) t FCD26 HBBEBRETHEYT R
DIEL

BDF1 v 7 AW 20 PTIZ 5 i 375 14 14 A )
BALVEB IO MBS IR RS
NEVEERE L, @BEEITAE A LT,
D% HED CSTBLI6~ T A & RHL & |,
AZHIZREINE G, £L T, BRRot
~ CD26 EfnFax & ME AN THRaRK
(Bacterial Artificial Chromosome; BAC) %
SREINETRZICEA L, EAROZEINE
BIEIRIRE ICR ~ 7 2 DOIEICBIE L7z,
BONZEFORENS DNA ZHiH L,
btk CD26 EnF DFE HEA PCRIE THERR
L7z,

(3) E  CD26 &=~ 7 % CD26 cDNA
FATHRMER L ZNOLERBE S~
0 A BEE ML T O MERS-CoV &Y 3=
Bx -

t b CD26 (2B T, MERS-CoV @ S

Z R BRERT HHEBICH D cDNA



Z< A CD26 cDNA |[ZEH# L7Z% X T
REZVERL L 72, = 7 2 CD26 @ aa273-340
HHNWEe hE=T ATT I BERME
B WGEER TH 5 aa273-290 F 72 1%
aa326-340 # & k CD26 cDNA [Z&# L 7=
LOEEFNENRE LK 24), 21 H
DX A F{KIL PCR IETER L, BB
FAI NICHAIAIR T a—=2 T LT,
Z A5 % NIH3T3 #ifElZ FugeneHD % M
WT KRNIV RT7 27 va v, 24 B
IZ 107 TCIDsy/ml @ MERS-CoV 75:
MOI=0.1 DV A )L A BETREIE-, K
Yut% 0.1.2.3 BO EEZ BN L., VeroE6
HRIZ BT D TCIDsy & Kirver HEIZ XD
BH L, By VA EERRIE L,

(4)  MERS-CoV D7 BEEAHRR 2 Wik

A+ % MERS-CoV BBtz v hm— /L

D VER:

MERS-CoV 107 TCIDso/ml % 4% 24 B
LA D FAAF dAY <~ 7 R TR0 )
LT8R 14 B CHET R Z 8 L
FIEEBY 10%7H
NRTT7 4 CEIREBREER L, HREEY
BT AT, EEREOR L NIZEIR
DRT 7 4 AR D RNA b
L. MERS-CoV B FIZXTH Y T L&
A & RT-PCR 24T\, Y EFERR L7,
(5)  MERS-CoV (Zx 3 % Jm B ARG 2

EDHESL :

In situ hybridization JEIZ X B 7 A LA
BT DOBHIZIZ, MERS-CoV D E H 5
WIEINEBRTFEZRET 5 _EEO S v —
TEBELTHERLRE,

AL FRBIC LD T A VAR D
Mit1Z. MERS-CoVN & X7 2%t %
T AE ) Ju—FHEE AN T{To
72

V= U UREIREEE.

(R E ~DELE)
B ERII A MR L O E LR
H‘}F MERGMEBSDEE LA
ST, B EEORMICAIY T u‘_o
E,Et MERS-CoV %V # 5 EBII £
E S ERER AR RRE RS f_ﬂi%‘é
SHANCHE- T, FEABIORESE 1T
o7, BB ERIT, EaFA%R
ZEMEOERGE _BEROEKRLE
726

C. %
(1) E b CD26 HE~ U REBEHEMIDIC

B} 5 MERS-CoV &Y D E!

t b CD26 % I X 72 NIH3T3 #fifa
IZ MERS-CoV % EEs¥ 5 &, Y 1
HEPL A NVADOEBIENER I N
(K 1), ¥ &1L VeroE6 M 3 I
MERS-CoV %S w7546 L 0 [Eh
S, B b CD26 BHEBEL TN
NIH3T3 ML TIL, U A VAR 2L
Bohizholizd, LT X —NIEH
L TWitiX, v v Al fa T MERS-CoV X
Yy, AN TH D LR INT,

(2) t M CD26 HHEBRETFUE~T X

DIER

> BDF1 =~ 7 A0 5 Z R A EL L,
t FCD26 Bz FEEFEATLBACT 7 A3
NEZRINEIZICHA L%, thi 3
OB FERNBHE L, Bk, 15
WLDOEMFPELN.EDS>H10ETE b
CD26 BT PCRIEIZ K D RERE T & 72,
BIE, 2 oDoRER~ T 20 6EFN
Bonl==d, 3-4 BWICKRE L%,
b~ CD26 OB LR L, BRLERY
ITHOTFETH D,



(3) b k CD26 &~ 7 % CD26 cDNA
FATHREREZNLZRBE I
t A $E 3 HI M T O MERS-CoV &Y
BR
ERL L 7= % 2 T 8% NIH3T3 #EAIZ%
I X4, MERS-CoV R ¥ 5B L,
aa273-340 b FERUZEHBR L7 A Tk
Ik - CD26 #HB VGG LRAEFED
YRR L OEEM 2 S L7 (X2B),
2a279-340 DFEETE hE~vU XD T 3
J BRERS & B L7256, MRMEIMEW
aa273-290 F 721X aa326-340 FRAL & TN E
e FANZEBR LT A T RO,
aa273-290 BRI CIL 1T & A FRERYME A
TRE 2o T8, aa326-340 EHAE T E b
CD26 R IVFLGELEREDOVA NV
AfEEEE (K 2B), ZORENMNDL,
aa279-340 & A bt FEIZ L7 T,
aa326-340 OEFZ~ T AW v 7 AV
THEICLY, v 7 AX MERS-CoV IZ
LTk b CD26 #HEIET-HELH
LORPMELEETEDLEE LN,

(4) MERS-CoV DR ERZ Wik Iz
9 5 MERS-CoV BBtz hu— v
DYER:

A% 24 BRI LANIC MERS-CoV % #57&
LIS F~r X%, K% 14 BR&IZ 6
I 1 ICDEE T, VA NVAGBENRTE
oo MENHERTEZEEDNNT T 4
AR D RNA % i H L . MERS-CoV
DY FTNVEAILRIT-PCR {702, TD
R OANVAYT ) ARBHETE 2D,
I OEEITREMARZEIEOB M b
o —/VICEARREE B X b7,

(5) MERS-CoV iZx3 2R EMARRZ K
= DOFENL -
MERS-CoV D E & AW I NELEF ZH

Hi9" % antisense 3 L Wsense 71— 7 %
AWT, X770 aBEE»b AL
AT ) EAPBRHTEEFHEF~T ADME
#4807 C in situ hybridization Z17 > 7=,
FORER. BEEMBEOMBBEICY A LA
77 5E XUV mRNA % # 9 2 antisense
Ta—T DY TR &7z, Sense
Ta—T DT FNVERETE 2otz
ZORERMNL, AEMERA LT n—T %
MERS-CoV EEFDOBEB AR TH D
EEZ bR,

E7o. B UCEEOHBL A &2 R T,
MERS-CoVDNZ VX7 (Rt A< T A
£/ 7 u—F AP CRBEMBRIEEEE
1T o 7= In situ hybridization & [EHE D HA
THE MBI, b, 2ok
% BRRIEAR 2385 {EL 9 5 SARS-CoV T &
FOMER CREMBBILFEERZTo &
A, URIEME ST, SARS-CoV &
RELBWERPELNERSoTZ, Thb
DFER%Z Table 1 IZFE & BT,

SEFERLEGME = br— X
SARS-CoV ZHH T % 7 v — 7 RHkIC
IX RS9, MERS-CoV #H OB = v
Pr—LE LTHELTWAELHL N
AN [

D. B

b b CD26 BHBMLEFHRE~ T AT K
R~ 2Dk b CD26 ¥ 37 DMK
HEBIORELZHAB LA, BRYER
WHWLTFETHD, 770X —<U
AR 10 EE LA, & b CD26 & 3EH
LTWARENEN-T2HBET. RRE
DERD 2, 3Rz RFEG I, MERS %
BIET ODRBERARFLEEZRBINRT 5, £72,
B FRE~ Y RAOFE MR LT, /
I AU ADORFICEY MR, KN
EEICIToT7 in vitro ODEFBER NS



aa326-340 bt FNICEHRT D LT R
#Pa T MERS-CoV MRBREMEZE/ELNDE
DM olzi-b, ZOHSE ) v IAv
Liew U RADERZITI FETH D,
A4EEE L MERS-CoV D JREARRR S Wik
RS TE T, NI 7 4 aBHEKOB
oy ba—VoER 7o —7 OmE.
FEROBEEOBRENER I N, FUE
\ZB8 L TlL SARS-CoV L EERIFIRETH 5
b homolt, . BERBEEITH S
HRERBEN D - T2HE . MISNATRE L
Rolr, TOMOBEIEL ALY T,
MERS-CoV 2t 3 D H 2 MriE L 2
5o

E. @
PEEEDOIFE T, vUABLIOT v b
¥ MERS-CoV OEIE T /VITHE S 720
ERALN LR, LML, REEIZ
t bk CD26 BEELTHE~ T ABIER
T&7Z itk Y, MERS-CoV BB
EFIVEES O A REMITIIERICE L RoTz,
FIREEIC) v I A4y~ ARERT
XLV BEBRRETALERVES,
ZLC,AREERZRINE CRYEERMN
T LB CTE o RS2 W
%% MERS-CoV ¥~ 7 X DML A
PEtEary hr— LT AREICLY, R
77 4 A A T ORE R FREIC
L7z, D%, MERS-CoV @ in situ
hybridization %050 % ME kAL 2215 25 fE L
TE BERBREORESIGEFAIE L LT,
FRABEMRBALFEIZ DO TE,
SARS-CoV & D& RIZ WIS "8 T,
EEICHERZZHIETH D,

F. BEMLRER
L

G. WrFEFER

1. BXHEE

1. Iwata-Yoshikawa N, Uda A, Suzuki T,
Tsunetsugu-Yokota Y, Sato Y,
Morikawa S, Tashiro M, Sata T,
Hasegawa H, Nagata N. Effects of
Toll-like
Eosinophilic Infiltration in Lungs of

Receptor  Stimulation on

BALB/c  Mice  Immunized  with
UV-inactivated Severe Acute
Respiratory Syndrome-related
Coronavirus Vaccine. J Virol. 2014

Aug;88(15):8597-614.

2. Nagata N, Saijo M, Kataoka M, Ami Y,
Suzaki Y, Sato Y, Iwata-Yoshikawa N,
Ogata M, Kurane I, Morikawa S, Sata T,
Hasegawa H. Pathogenesis of fulminant

monkeypox with bacterial sepsis after
with  West

virus in  a

experimental  infection

African  monkeypox
cynomolgus monkey. Int J Clin Exp

Pathol. 2014 Jun 15;7(7):4359-70.

3. Kotani O, Iwata-Yoshikawa N, Suzuki T,
Sato Y, Nakajima N, Koike S, Iwasaki T,
Sata T, Yamashita T, Minagawa H,

Taguchi F, Hasegawa H, Shimizu H,
Nagata N. Establishment of a panel of
in-house polyclonal antibodies for the
diagnosis of enterovirus infections.

Neuropathology. 2014 Sep 28.

FRER

1. BEFN, KEENR, SHEET. &
s, HEMEY. A%, BRET.
THBEE, HEE=E R~ XICE
F % BEE BV M N A E R T A



Jb A DR YRS M O fEMT &62[E B A
U AV AES (Fk) . 20145114

CKEBRA, 2EERT. HARBRE, 5
B, ESRRE., BER)IFH#,
RE, AREm. MEE., BREA,
YrEB., KETR e s 2RV
LT AT A ) A DFRERIE R M
THRBFHMRE F62EBARY A
VA (B{iR) . 20144F11A

L NRIE. FESRE. SORTER. BB
F OHREEARES T BA)IFER,
HOXA, {ERiEZ, KEHE/KR =
7 A Y& BWi=Saffold virusD#
297 R M oD T B S B SR AT

o2l B AT A LR FE (FEiR) , 2014
E11A

4. EHEMETF. ELFN. EHETF. &6

AER, THEM. BREAN. BER/IIFH
B, K B PERMERIREFERE oo
TUANRICHTHEYIABITT
v FDOEZMHIZOWNWT He2E A
U ANV RAFEE (k). 20144118

. AEMEOHE - BERT

FrEF UG
L
ERBFTREB &
72 L

Z DA

L



-k VeroE6
-@- NIH3T3-hCD26
-O- NIH3T3

Virus titer (Log, , TCTD;/ml)

o
-—
N
W -l

Days after infection

1 (A) VeroE6 #fifid, & b~ CD26 & NIH3T3 #ifdds & U NIH3T3 a0
MERS-CoV ¥4t 1,2,3 BIZEI L= EiED U A v A1,



aa273 a2a290 aa326 aa340
EhCD26 | |

TrIACD26|

T ACD26FAS{K
EREEHRER
aa273-340

aa273-290

aa326-340

-®- hCD26
-© mCD26(273-340hu)

- mCD26(273-290hu)
{3 mCD26(326-340hu)
-O- NIH3T3

Virus titer (Log;, TCID5y/ml)

Days after infection

2 (A) ¥ A CD26cDNA (Zt b CD26 ¢ MERS-CoV FE& S & BEHL L
2% A T3 FEHE, (B) ¥ 7 A CD26cDNA & t b CD26 cDNA D A T {5%
NIV AT =2 va v Uiz NIH3T3 fifZIZ MERS-CoV 2 8% L, Bt 1, 2,
SHDEEDT A NVAfH, B F CD26cDNA# F T A7 27V aryLizbd
Ptk ba— b L,



Table 1. MERS-CoV (2% AR EZRZHNEIC WA L O 7 o —
T ORERMEIZONT '

MERS-CoV SARS-CoV
{5 R AR Antibody  Probe Antibody Probe
MERS-CoV e~ 7 2 + + - -
SARS-CoV YL B - NA NA (! NA (+)?

'N. Nakajima et al., JJID, 56, 139-141, 2003
2R BT 3 4. FRERE EEEE. vol32 (no.10). 201



II. HEREOTFUTICET S —RER

10



PR R OTITICE T 5 —FEk

RRAE KA BRHA ML | BilsEL | BE | R—Y | HERE
Iwata-Yoshika | Effects of Toll-like Journal ]8 8597-614 2014
waN, Uda A, | Receptor Stimulation of
Suzuki T, on Eosinophilic Virology

Tsunetsugu-Y
okota Y, Sato
Y, Morikawa
S, Tashiro M,
Sata T,
Hasegawa H,

Nagata N.

Infiltration in Lungs of
BALB/c Mice
Immunized with
UV-inactivated Severe
Acute Respiratory
Syndrome-related

Coronavirus Vaccine.

11




L. FFZAROTTY - Bl

12



JVI

Journals ASM.org

Effects of Toll-Like Receptor Stimulation on Eosinophilic Infiltration
in Lungs of BALB/c Mice Immunized with UV-Inactivated Severe
Acute Respiratory Syndrome-Related Coronavirus Vaccine

Naoko lwata-Yoshikawa,? Akihiko Uda,® Tadaki Suzuki,? Yasuko Tsunetsugu-Yokota,°* Yuko Sato,? Shigeru Morikawa,”
Masato Tashiro,® Tetsutaro Sata, Hideki Hasegawa,® Noriyo Nagata®

Department of Pathology,® Department of Veterinary Science,” Department of Immunology,” and Influenza Virus Research Center,® National Institute of Infectious
Diseases, Tokyo, Japan

ABSTRACT

Severe acute respiratory syndrome-related coronavirus (SARS-CoV) is an emerging pathogen that causes severe respiratory ill-
ness. Whole UV-inactivated SARS-CoV (UV-V), bearing multiple epitopes and proteins, is a candidate vaccine against this virus.
However, whole inactivated SARS vaccine that includes nucleocapsid protein is reported to induce eosinophilic infiltration in
mouse lungs after challenge with live SARS-CoV. In this study, an ability of Toll-like receptor (TLR) agonists to reduce the side
effects of UV-V vaccination in a 6-month-old adult BALB/c mouse model was investigated, using the mouse-passaged Frankfurt
1 isolate of SARS-CoV. Immunization of adult mice with UV-V, with or without alum, resulted in partial protection from lethal
doses of SARS-CoV challenge, but extensive eosinophil infiltration in the lungs was observed. In contrast, TLR agonists added to
UV-V vaccine, including lipopolysaccharide, poly(U), and poly(I-C) (UV-V +TLR), strikingly reduced excess eosinophilic infil-
tration in the lungs and induced lower levels of interleukin-4 and -13 and eotaxin in the lungs than UV-V-immunization alone.
Additionally, microarray analysis showed that genes associated with chemotaxis, eosinophil migration, eosinophilia, and cell
movement and the polarization of Th2 cells were upregulated in UV-V-immunized but not in UV-V+TLR-immunized mice. In
particular, CD11b™ cells in the lungs of UV-V-immunized mice showed the upregulation of genes associated with the induction
of eosinophils after challenge. These findings suggest that vaccine-induced eosinophil immunopathology in the lungs upon
SARS-CoV infection could be avoided by the TLR agonist adjuvants.

IMPORTANCE

Inactivated whole severe acute respiratory syndrome-related coronavirus (SARS-CoV) vaccines induce neutralizing antibodies
in mouse models; however, they also cause increased eosinophilic immunopathology in the lungs upon SARS-CoV challenge. In
this study, the ability of adjuvant Toll-like receptor (TLR) agonists to reduce the side effects of UV-inactivated SARS-CoV vacci-
nation in a BALB/c mouse model was tested, using the mouse-passaged Frankfurt 1 isolate of SARS-CoV. We found that TLR
stimulation reduced the high level of eosinophilic infiltration that occurred in the lungs of mice immunized with UV-inactivated
SARS-CoV. Microarray analysis revealed that genes associated with chemotaxis, eosinophil migration, eosinophilia, and cell
movement and the polarization of Th2 cells were upregulated in UV-inactivated SARS-CoV-immunized mice. This study may be

helpful for elucidating the pathogenesis underlying eosinophilic infiltration resulting from immunization with inactivated vac-
cine.

vere acute respiratory syndrome-related coronavirus (SARS-
CoV), a cause of severe respiratory illness, emerged in south-
ern China in late 2002 and quickly spread to several countries
throughout Asia, Europe, and North America by early 2003 (1-4).
Although SARS has not reemerged since 2003, vaccination is the
most likely mode of preventing future SARS-CoV outbreaks, es-
pecially in individuals at high risk, such as health care workers. To
date, no vaccine is licensed for SARS-CoV. A SARS-CoV vaccine
based on whole inactivated virions is easily prepared and is ex-
pected to induce a broader spectrum of antibodies than recombi-
nant virus-based vaccines expressing particular sets of SARS-CoV
proteins. Although inactivated whole SARS-CoV vaccines induce
neutralizing antibodies in mouse models (5-10), they also cause in-
creased eosinophilic immunopathology in the lungs upon SARS-
CoV challenge (11-14). These reactions are thought to be caused by
the incorporation of SARS-CoV nucleocapsid protein (N) in vaccine
formulations, which induces N-specific immune responses and en-
hances eosinophilic immune pathology (11, 12, 15).

August 2014 Volume 88 Number 15
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Enhanced eosinophilic immune pathology was also observed
in the 1960s, when formalin-inactivated respiratory syncytial vi-
rus (FI-RSV) vaccine combined with alum adjuvant was injected
intramuscularly into children to immunize them against RSV. In
these trials, 80% of immunized children were hospitalized and
died of enhanced respiratory disease upon subsequent RSV infec-
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tion. Histologic examination of their lungs showed bronchocon-
striction and severe pneumonia with peribronchiolar eosinophils
(16, 17). These findings suggest that FI-RSV vaccination induced
nonneutralizing, nonprotective antibodies, with natural infection
of RSV causing a hypersensitivity response to viral antigens, char-
acterized by bronchoconstriction and severe pneumonia. The pa-
thology of the enhanced respiratory disease upon subsequent RSV
infection is thought to be due to skewing of the immune response
toward Th2, with eosinophils having a key role in the progression
of enhanced respiratory disease. The generation of nonprotective
antibodies by the FI-RSV vaccine may have been due to poor
Toll-like receptor (TLR) stimulation (18).

Thus, TLR stimulation with an inactivated whole virion vac-
cine is thought to be crucial to induce protective antibodies and to
reduce eosinophilic responses. In this study, we evaluated the ef-
ficacy and safety of UV-inactivated whole SARS-CoV (UV-V)ina
model using BALB/c mice and mouse-passaged SARS-CoV. We
investigated the ability of adjuvant TLR agonists to reduce the side
effects of UV-V vaccination, such as enhanced eosinophilic im-
mune pathology.

MATERIALS AND METHODS

Viruses and cells. Vero E6 cells, purchased from the American Type Cul-
ture Collection (Manassas, VA), were cultured in Eagle’s minimal essen-
tial medium (MEM) containing 5% fetal bovine serum (FBS), 50 1U/ml
penicillin G, and 50 pg/mt streptomycin. Stocks of the mouse-passaged
Frankfurt 1 isolate of SARS-CoV, F-musX-VeroE6 (F-musX), were prop-
agated and titrated on Vero E6 cells and cryopreserved at —80°C as pre-
viously described (19). Viral infectivity titers are expressed as 50% of the
tissue culture infectious dose (TCID5,)/ml on Vero E6 cells, as calculated
according to the Behrens-Kirber method. Work with infectious SARS-
CoV was performed under biosafety level 3 conditions.

Preparation of UV-V. UV-V was prepared as previously described (6).
Briefly, the HKU39849 isolate of SARS-CoV was amplified in Vero E6
cells, exposed to UV light (4.75 J/cm?), and purified by sucrose density
gradient centrifugation. Inactivation of the virus infectivity of UV-V was
confirmed upon inoculation into Vero E6 cells.

Animal experiments. BALB/c female mice, purchased from Japan
SLC Inc. (Shizuoka, Japan), were housed in an environmentally con-
trolled specific-pathogen-free animal facility. Animals were infected with
SARS-CoV in biosafety level 3 animal facilities, according to the Animal
Care and Use Committee of the National Institute of Infectious Diseases,
Tokyo, Japan.

For immunization, 14-week-old BALB/c mice were subcutaneously
injected in the back with 10 g UV-V alone (UV-V), 10 pg UV-V plus 2
mg alum (Pierce, Rockford, IL) (UV-V +Alum), or 10 g UV-V plus TLR
agonists (UV-V+TLR) and reimmunized 6 to 7 weeks later. The TLR
agonists consisted of 1 g lipopolysaccharide (LPS) (Sigma-Aldrich, St.
Louis, MO), 2.5 g poly(I-C) (Invitrogen, San Diego, CA), and 0.1 pg
poly(U) (Invitrogen) per immunization, Control mice were injected with
phosphate-buffered saline (PBS) with or without alum.

At 8 to 10 days after the 2nd immunization, mice were anesthetized by
intraperitoneal injection of a mixture of 1.0 mg ketamine and 0.02 mg
xylazine in 0.1 ml/10 g body weight. The animals were subsequently inoc-
ulated in the left nostril with 10%% TCIDy, of F-musX in 30 pl, 1,000-fold
higher than the 50% lethal dose for adult BALB/c mice (11 = 5 to 7 per
group) (19).

A second vaccination experiment was performed to evaluate the long-
term efficacy of TLR, with the vaccinated mice rested for 4 weeks before
F-musX challenge. Ten-week-old BALB/c mice were vaccinated with 10
pg UV-Vor 10 pg UV-V+TLR and boosted 6 weeks later. Four weeks
afterwards, the animals were inoculated in the left nostril with 10%°
TCIDy, in 30 pl of F-musX.

To mimic immunization with an attenuated vaccine, 25-week-old
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mice were administered 10%® TCIDs, of the HKU39849 isolate in 20
intranasally, since HKU39849 was shown to be avirulent in adult mice.
Control mice were injected with MEM intranasally. Fourteen days later,
these mice were challenged intranasally with 10%> TCIDs, in 30 pl of
F-musX.

Body weights were measured daily for 10 days, and the mice were
sacrificed 3 or 10 days after challenge to analyze virus replication, hema-
tology, cytokine expression, and pathology (1 = 3 to 4 per group).

Virus titration. To titrate virus infectivity in lung homogenates, 10%
(wt/vol) tissue homogenates of each lung were prepared in MEM contain-
ing 2% FBS, 50 IU/ml penicillin G, 50 p.g/ml streptomycin, and 2.5 pg/ml
amphotericin B. Lung wash fluid was also collected for analysis of infec-
tious virus titers.

Cytokine and chemokine profiling. Inflammatory profiling of 10%
(wt/vol) lung homogenates was performed using the Milliplex Map assay
(Millipore, MA), as described by the manufacturer. These assays can de-
termine the concentrations of 18 cytokines and chemokines, including
eotaxin, granulocyte-macrophage colony-stimulating factor (GM-CSF),
gamma interferon (IFN-v), interleukin 1@ (IL-18), IL-2, IL-4, IL-5, IL-6,
1L-7, IL-10, IL-12 (p70), IL-13, gamma interferon-induced protein 10
(IP-10), neutrophil-related chemokine KC (KC), monocyte chemoattrac-
tant protein 1 (MCP-1), macrophage inflammatory protein 1o (MIP-1),
regulated and normal T cell expressed and secreted (RANTES), and tumor
necrosis factor alpha (TNF-a). Type I IENs in 10% (wt/vol) lung homog-
enates obtained 3 and 10 days after inoculation were analyzed using
mouse alpha and beta IFN (IFN-« and -B) enzyme-linked immunosor-
bent assay (ELISA) kits (PBL Interferon Source, Piscataway, NJ), accord-
ing to the protocol described by the manufacturer.

SARS-CoV neutralizing assay. Blood was obtained from the tail
vein of each mouse and allowed to clot. Sera were collected by centrif-
ugation and inactivated by incubation at 56°C for 30 min. One hun-
dred TCID,, aliquots of F-musX of SARS-CoV were incubated for 1 h
in the presence or absence of mice sera serially 2-fold diluted and then
added to confluent Vero E6 cell cultures in 96-well microtiter plates as
described previously (20). The presence of a viral cytopathic effect was
determined on day 3, and the titers of neutralizing antibody were
determined as the reciprocal of the highest dilution at which cyto-
pathic effect was not observed. The lowest and highest serum dilutions
tested were 1:2 and 1:512, respectively.

Quantitative real-time reverse transcription (RT)-PCR. To assay
type L IFN mRNA expression and viral genome copies during early phases
of SARS-CoV infection, the left lobe of a lung from mice injected with
UV-V (11 = 6), UV-V+TLR (n = 6), or PBS (1 = 3) was obtained 1 day
after challenge and placed in RNAlater solution (Ambion). RNA was ex-
tracted from the lung samples using RNeasy minikits (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions.

Real-time one-step quantitative RT-PCR assays were used to detect
IFN-a4, IFN-f3, and SARS-CoV mRNA using QuantiTect Probe RT-PCR
kits (Qiagen, Valencia, CA) and an ABI Prism 7900HT Fast real-time PCR
system {Applied Biosystems, Foster City, CA). TagMan probes and prim-
ers are listed in Table 1. Reaction mixtures were incubated at 50°C for 30
min, followed by 95°C for 15 min and thermal cycling, which consisted of
40 cycles of denaturation at 94°C for 15 s, and annealing and extension at
60°C for 60 s. The expression of each gene was normalized relative to that
of B-actin mRNA, with the expression of IFN-a4 and IFN-B mRNAs
calculated as the log, , fold change relative to results with PBS-injected and
challenged mice.

Histopathology and immunohistochemistry. Animals were anesthe-
tized and perfused with 2 ml of 10% phosphate-buffered formalin (1 = 3
to 4). Animals were necropsied within 12 h of death, whereas moribund
animals were euthanized by excess isoflurane. All animals were subse-
quently examined histopathologically, with 10% phosphate-buffered for-
malin injected into the trachea until the lungs inflated. Fixed lung tissues
were routinely embedded in paraffin, sectioned, and stained with hema-
toxylin and eosin. Eosinophils were identified with a C.E.M. kit using
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TABLE 1 Primers and probes for quantitative real-time RT-PCR

Target (reference) Sequence
IFN-a4
Forward CAACTCTACTAGACTCATTCTGCAAT
Reverse AGAGGAGGTTCCTGCATCACA
Probe ACCTCCATCAGCAGCTCAATGACCTCAAA
IFN-B
Forward GCTCCTGGAGCAGCTGAATG
Reverse TCCGTCATCTCCATAGGGATCT
Probe TCAACCTCACCTACAGGGCGGACTTC

SARS-CoV N gene (56)

Forward AGGAACTGGCCCAGAAGCTT
Reverse AACCCATACGATGCCTTCTTTG
Probe ACTTCCCTACGGCGCTA

B-Actin
Forward ACGGCCAGGTCATCACTATTG
Reverse CAAGAAGGAAGGCTGGAAAAGA
Probe CAACGAGCGGTTCCGATGCCC

Astra Blue/Vital New Red staining (DBS, Pleasanton, CA). For Astra Blue/
Vital New Red-stained slides, five 240-p.m? sections in the extrabronchi-
oles were assessed, and the eosinophils, neutrophils, lymphocytes, and
macrophages counted were averaged per lung of each mouse. Immuno-
histochemical detection of SARS-CoV antigens was performed on paraf-
fin-embedded sections, as previously described (19).

Isolation of CD11b-positive (CD11b™) lung cells. Whole lungs were
collected from mice 1 day after challenge with F-musX, and their CD11b™
cells were isolated by a modification of previous protocols (21). Briefly,
mice were euthanized under excess anesthesia, and the lungs were per-
fused via the left ventricle with 20 ml of PBS containing 10 U/ml of hep-
arin (Novo Nordisk Pharma Ltd., Novo Alle, Denmark) to remove red
blood cells (RBCs). The lungs were removed aseptically, cut into 1-mm
pieces, and incubated in HEPES buffer containing collagenase D (2 mg/
ml; Roche Applied Science, Mannheim, Germany) and bovine pancreatic
DNase I (40 U/ml; Sigma-Aldrich) for 30 to 45 min at 37°C. Single-cell
suspensions were prepared by gently pushing the tissue through a 70-pum
nylon screen, followed by washing and centrifugation at 2,000 rpm. To
isolate CD11b™ cells, the single-cell suspensions were washed with PBS
containing 0.5% FBS (PBS-FBS), counted, and incubated at the appropri-
ate ratio with MACS CD11b microbeads (Miltenyi Biotec, Auburn, CA)
for 15 min at 4°C. After washing again with 10 ml of PBS-FBS, the cells
were diluted in 3 ml of PBS-FBS. Finally, the CD11b™ cells were separated
by passing the antibody-coated cell suspension over an MS-positive selec-
tion column on a SuperMACS magnetic cell separator (Milteni Biotec).
CD11b™ cells were collected by removing the column from the magnetic
field and then flushing it with PBS-FBS. Purity was checked by flow cy-
tometry. To confirm the morphology of the obtained cells, around 1 X 10°
cells in 100 pl of PBS-FBS were centrifuged at 1,000 rpm for 10 min onto
glass slides using a Shandon cytocentrifuge (Thermo Fisher Scientific Inc.,
Waltham, MA). These cells were stained with Giemsa stain and analyzed
by microscopy.

Flow cytometry analysis. The lung CD11b ™ cells were washed with
PBS-FBS. After blocking Fc receptors by incubating 1 pg of anti-
mouse CD16/CD32 monoclonal antibody (MADb) (BD Pharmingen,
San Jose, CA) per 10° cells for 20 min on ice, the cells were stained for
30 min on ice with allophycocyanin (APC)-conjugated anti-mouse
CD11b (BioLegend Inc., San Diego, CA). The cells were washed twice
in PBS-FBS and fixed with 2% paraformaldehyde. Flow cytometry was
performed on a FACSCanto II instrument (Becton, Dickinson, San
Diego, CA), with the data analyzed using the FlowJo 8.7.1 software
program (Treestar, Ashland, OR).
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Microarray analysis. Microarray analysis was performed using left
lung lobe tissue samples and CD11b™ cells in the lung, as described pre-
viously (22). Briefly, total RNA was extracted using an RNeasy minikit
(Qiagen, Hilden, Germany), according to the manufacturer’s instruc-
tions. RNA concentrations were measured with an ND-1000 spectropho-
tometer (Nanodrop Technologies, Wilmington, DE). The quality of the
RNA samples was assessed spectroscopically, and the quality of the intact
RNA was assessed using an Agilent 2100 bioanalyzer (Agilent Technolo-
gies, Inc., Palo Alto, CA). RNA samples with the highest RNA integrity
number, of more than 7, as determined by the bioanalyzer, were used for
microarray analysis. Two hundred micrograms (lung tissue) or 25 pg
(CD11b™ cells) of total RNAs was used for amplification and labeled using
a low-RNA-input linear amplification kit (Agilent).

Individual cRNA samples were fragmented by incubation with frag-
mentation buffer and blocking agent at 60°C for 30 min (gene expression
hybridization kit [Agilent]). These RNA samples were hybridized at 65°C
for 17 h at 10 rounds per min to a SurePrint G3 Mouse GE 8 by 60,000
microarray (Agilent). Controls consisted of RNA samples from mice in-
jected with PBS, applied in duplicate to the slides; single samples were
applied for all other RNA samples. The microarray slides were washed
with wash solutions 1 and 2 (Agilent) and acetonitrile (Wako, Osaka,
Japan). The slides were scanned with a DNA microarray scanner (Agi-
lent), the images were analyzed using the Feature Extraction software
program (Agilent), and the data files were automatically exported. Data
mining was performed using the GeneSpring GX 12.1 software program
(Agilent). Briefly, the text file exported by Feature Extraction software was
imported into GeneSpring. The raw data were normalized per chip to the
75th percentile expression level and per gene to the median expression
intensity of all samples. The samples of lung tissue were classified into four
groups based on the treatment regimen: six mice each were immunized
with UV-V, UV-V+TLR, and HKU39849, and three mice each were in-
jected with PBS, yielding a total of six microarrays because the PBS sam-
ples were run in duplicate. CD11b™ cell samples were classified into four
groups based on the treatment regimen: six mice each were infected with
F-musX and immunized with UV-V or UV-V+TLR, and six mice each
were mock infected and immunized with UV-V or UV-V+TLR. Since the
differences in individual gene expression within each group were small, all
data are presented as the mean per group. Significant differences in gene
expression between the UV-V and UV-V+TLR groups was assessed using
one-way analysis of variance (ANOVA), followed by Tukey’s honestly
significant difference post hoc test and the Benjamini-Hochberg correc-
tion test, with P values of <0.05 considered statistically significant, and
further filtered by =2-fold expression. Genes that met these criteria were
characterized using Ingenuity Pathway Analysis (IPA) (Ingenuity Sys-
tems, Redwood City, CA) function annotations. All microarray slide hy-
bridizations were performed using mouse oligonucleotide arrays
(G4852A; Agilent).

Statistical analysis. Intergroup comparisons were performed by one-
way ANOV A followed by Turkey’s post hoc test using the GraphPad Prism
5 software program (GraphPad Software Inc., CA). P values less than 0.05
were considered statistically significant.

Microarray data accession numbers. The microarray results obtained
in this work have been deposited in the Gene Expression Omnibus (GEO)
(http://www.ncbi.nlm.nih.gov/projects/geo/) and assigned accession num-
bers GSE44274 (lung tissue) and GSE50855 (CD11b™ cells isolated from
lung).

RESULTS

Immunization with UV-V induces eosinophilic infiltrations in
the lungs of adult mice after SARS-CoV challenge. To confirm an
induction of eosinophilic immunopathology by immunization
with UV-V in the adult mouse model (19), 11 mice per group were
immunized with the vaccine and challenged 10 days after boosting
with the live virus. All of the control mice, injected with PBS and
alum (PBS+ Alum), died of acute respiratory illness within 5 days
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after infection with the live virus (Fig. 1A). In contrast, UV-
V+Alum-immunized mice showed mild illness, such as hunch-
ing, ruffled fur, and body weight loss, within 3 days of infection
and then recovered by day 5 (Fig. 1A). UV-V-immunized mice
showed various levels of body weight loss and respiratory illness
upon virus challenge. One mouse immunized with UV-V and one
immunized with UV-V+Alum died on day 5. Virus titers in the
lungs on day 3 did not differ significantly among UV-V-immu-
nized, UV-V+Alum-immunized, and PBS+Alum-injected mice
(n= 3 each) (Fig, 1B). In contrast, titers of virus in lung wash fluid
on day 3 were significantly lower in UV-V+Alum-immunized
mice than in PBS+ Alum-injected mice. On the day before chal-
lenge with live virus, the serum titers of neutralizing antibodies
were significantly higher in UV-V-Alum- than in UV-V-immu-
nized mice (n = 11 each) (Fig. 1C) but did not differ significantly
after challenge. The PBS+ Alum-injected mice did not show sero-
conversion against SARS-CoV after challenge. Microscopic anal-
ysis of the lung sections of mice at 3 days after infection showed a
high level of eosinophil infiltration around the bronchi in UV-V-
and UV-V+Alum-immunized mice (Fig. 1D), whereas lympho-
cytes, macrophages, and a few neutrophils had infiltrated into
the lungs of PBS+Alum-injected mice (Fig. 1D). Eosinophil
infiltration was more severe on day 10 than on day 3 in UV-V-and
UV-V+Alum-immunized mice. Histopathologically, both UV-V-
and UV-V+Alum-immunized mice showed infiltration of in-
flammatory cells, including eosinophils, surrounding the bronchi
and blood vessels on day 3 (1 = 3 each) (Fig. 1E), consistent with
previous results (13). We also investigated the lung pathology of
the mice that died by day 5. Surprisingly, the lungs of both the
UV-V-and UV-V+Alum-immunized mice showed high eosino-
philic infiltration into areas surrounding the bronchi and blood
vessels and severe inflammatory infiltrations in the alveoli (Fig. 2).
Immunohistochemical analysis showed that a few SARS-CoV an-
tigen-positive cells were present in the bronchiolar epithelial cells
and alveolar cells of the dead UV-V-immunized mouse but were
not present in cells of the dead UV-V+ Alum-immunized mouse
(Fig. 2). Although the virus neutralization titers in the sera on the
day prior to virus challenge were 1:4 and 1:128 in the UV-V- and
UV-V+ Alum-immunized mice, respectively, these mice were un-
able to survive following SARS-CoV infection. In contrast,
PBS+ Alum-injected mice showed severe pulmonary edema, con-
gestion, and hemorrhage, with many viral antigen-positive cells in
the alveoli 5 days after challenge. We assumed that the severe
respiratory illness in the dead UV-V- and UV-V+Alum-immu-
nized mice was caused by an exacerbation of pulmonary inflam-
matory reactions due to UV-V acting as an inactivated RSV vac-
cine (18). The excess pulmonary eosinophilic infiltration possibly
resulted from host immune responses rather than from a direct
cytopathic effect caused by SARS-CoV replication.

Considering the excess eosinophilic immunopathology fol-
lowing SARS-CoV infection in mice immunized with inactivated
virus, we examined whether the natural course of immune re-
sponse elicited after nonlethal SARS-CoV infection resulted in
excess eosinophil infiltration in the lungs of the reinfected mice.
Mice were infected with the HKU39849 isolate, which induces
nonlethal infection of both young and adult BALB/c mice, and
challenged with F-musX. None of the HKU39849-inoculated
mice showed clinical illness, as assessed by the absence of ruffled
fur, dyspnea, and weight loss, and all survived after F-musX chal-
lenge (Fig. 3A). Titers of virus in the lungs of control mice were
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high on day 3 (10° TCID4,/g), although titers in the lungs and lung
wash fluids of HKU39849-inoculated mice on days 3 and 10 after
challenge were below the limit of detection (Fig. 3B). Virus neu-
tralization titers in the sera on the day prior to virus challenge were
higher than 1:16 (Fig. 3C). Histopathologically, the lungs of
HKU39849-inoculated mice showed mild perivascular and peri-
bronchiolar mononuclear cell infiltration on days 3 and 10 after
the challenge (Fig. 3D and E). Most of these infiltrating cells were
lymphocytes, with no eosinophils, and there were no cells positive
for viral antigens in the lungs. In contrast, MEM-treated contro]
mice showed severe respiratory illness and weight loss after F-
musX infection and succumbed to infection within 5 days (Fig.
3A). The lung pathology of these control mice was similar to that
of PBS+ Alum-injected mice following challenge with SARS-CoV
(data not shown). Thus, inoculation with HKU39849, mimicking
immunization with attenuated live vaccine, provided a high level
of protective immunity against SARS-CoV infection and elicited
mild lymphocytic but not eosinophil infiltration in the lung after
reinfection with F-musX.

Immunization with UV-V plus TLR agonists inhibits skew-
ing to a Th2 response and high eosinophilic infiltration into the
lungs of adult mice after challenge infection. We hypothesized
that the excess pulmonary eosinophilic infiltration observed in
mice immunized with UV-V was due to poor Toll-like receptor
(TLR) stimulation as shown in FI-RSV vaccination (18). TLR ago-
nists were used to induce host immune responses, especially in-
nate immune responses, to virus infection (23, 24). Recognition
by TLRs induces innate immune responses and eventually leads to
activation of antigen-specific immunity (23). In addition, inacti-
vated RSV vaccine-induced pulmonary disease was resolved by
the addition of TLR agonists in an RSV mouse model (18). There-
fore, we investigated the effect of TLR agonists as an adjuvant
during immunization with UV-V. Within 3 days of challenge in-
fection, UV-V+TLR-immunized mice developed a clinical illness,
characterized by weight loss, hunching, and ruffled fur, but recov-
ered by day 4 (Fig. 4A). By day 10, the body weight of all mice had
recovered to that before immunization, and no mice had died
(Fig. 4B). The survival rates, weight loss, and clinical illness of
UV-V- and UV-V+TLR-immunized mice did not differ signifi-
cantly. Viral titers in lung wash fluid but not in the lungs were
significantly lower in UV-V+TLR-immunized mice than in PBS-
injected mice on day 3 postinfection (p.i.) (Fig. 4C). Both UV-V-
and UV-V+TLR-immunized mice showed seroconversion
against SARS-CoV after the booster injection, with the titers of
neutralizing antibodies on day 10 tending to be higher in UV-
V+TLR-immunized than in UV-V-immunized mice (Fig. 4D).
Interestingly, slight eosinophilic infiltration was observed in the
lungs of UV-V+TLR-immunized mice on day 3 but not on day 10
(Fig. 4E). On day 10, lymphocytes were the primary infiltrating
cells around vessels in the lungs of these mice. The numbers of
eosinophils in the lungs were significantly lower in UV-V+TLR-
immunized than in UV-V-immunized mice (Fig. 4F). Cytokine
and chemokine responses were assessed in lung homogenates
of UV-V-and UV-V+TLR-immunized mice on days 3 and 10.
The levels of the Th2-related inflammatory cytokines IL-4 and
IL-13 and the eosinophil-related chemokine eotaxin (CCL11)
were lower in UV-V+TLR- than in UV-V-immunized mice on
days 3 and 10 (Fig. 5). In contrast, the levels of IP-10 (CXCL10)
and KC (CXCL1) tended to be higher in UV-V+TLR- than in
UV-V-immunized mice on day 3. There were no significant
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