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FI1G. 2. Plasma viral loads and peripheral CD4* T-cell counts after a SIV challenge. (A) Changes in plasma viral loads (SI'V gag RNA copies/ml
plasma) in wavaccinated group I animals (black lines in the left panel), control-vaccinated group I animals (blue lines in the left panel), and
Gaga . 2so-vaccinated group I animals (red lines in the right panel) after a SIVmac239 challenge. Plasma viral loads were determined as described
previously (27). The Jower limit of detection is approximately 4 X 10? copies/ml. (B) Comparisons of plasma viral loads in groups 1 (n = 6), Il (n =
6), and Iil (# = 6) at the peak (left panel) and at week 5 (right panel). The bar indicates the geometric mean of each group. Viral loads at the
peak and at week 5 in group 111 were significantly lower than in group 1 (P = 0.0124 at the peak and P = 0.0053 at week 5) and group Il (P =
0.0355 at the peak and P = 0.0134 at week 5). There were no significant diflerences between groups I and I1 either at the peak or at week 5 (P =
0.6047 at the peak and P = (,6536 at week ). Set point viral loads in group II were significantly lower than those in group I and group 11 at week
12 by nonparametric analysis (P = 0.3939 between 1 and 11, P = 0.0152 between I and 111, and P = 0.0152 between IT and IIL P = 0.1797 between
1 and 11, 77 = 0.0260 between 1 and 111, and P = 0.0411 between I1 and 111 around week 24). (C) Changes in peripheral CD4™ T-cell counts (per
) in groups I (black lines) and 11 (blue lines) in the lef{t panel and in group IHI (red lines) in the right panel after a STVmac239 challenge.

Gagay.aee-specific induction of CD107a (a degranulation
marker), which is related to cytolytic activity (21, 38), in CD8"
T cells at week 2. Frequencies of CD8" T cells exhibiting
Gagay, aqo-specilic induction of CD107a, as well as IFN-y,

within the CD8™ T-cell pool were significantly higher in group
111 than in naive controls (P = 0.0249 by unpaired ¢ test) (Fig.
6). One animal, R04-016, in group III did not show Gagay_a40-
specific CD107a* IFN-y* CD8* T-cell responses, but further
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FIG. 3. Gag epitope-specific CD8 ™ T-cell frequencies after a SIV challenge. (A) Frequencies of CD8" T cells (per million PBMCs) showing
Gagay,.2ie-specific (open boxes) or Gagay,agu-specific (closed boxes) IFN-v induction in naive controls and group 11 macaques at week 2 (upper
panel) and week 12 (lower panel). (B) Comparison of the Gagyge.n g-specific (left panel) or Gagyy.aq-specific (right panel) CD8* T-cell
frequencies in naive controls (¢ = 10) and group I1I animals (n = 6) at week 2. The bar indicates the geometric mean of each group. Frequencxes

of Gagay,.ag-specific (P =

+ 0.0058) but not Gaga.a-specific (P = 0.0922) CD8" T cells in group 11 were significantly higher than in naive

controls, The Gagay,..4o-specific frequencies at week 12 in group 1T were significantly higher than those in naive controls (P < 0.0001). (C) Analysis
of the correlation between Gagay,.aq-specific CD8" T-cell frequencies (log) at week 2 and peak plasma viral loads (log). An inverse correlation
is shown (P = 0.0196, R = —0.5759). Samples from macaques R02-007 and R06-019 in group I were unavailable for this analysis.

analysis revealed that this animal had Gag,4,_.49-specilic gran-
zyme BT IFN-y* CD8" T cells. Indeed, group 11T animals had
significantly higher frequencies of Gagyy.oqo-specific IFN-y*
CD8* T cells producing CD107a, granzyme B, or perforin
(P = 0.0076; data not shown). These results indicate efficient
induction of Gaga,,, .40-specific CD8* T cells with higher cy-
tolytic activity in the acute phase in group III animals.

Py A wk 2 Cwk 12

Q 10*

z 2

o

b B )

§é103 l

%;102 i l £ B I l 7 l l

s 9

g% 553288 3 ges588%5 8

7§ 8888898535588 ¢58¢

5z E5558888¢85 0'5'5'5'5

2 & a&oeg e ew @ £ &
group 1 &Il group it

FIG. 4, SIV-speeitic CDE™ T-cell frequencies after a SIV chal-
lenge. STV-specific CD8™ T-cell frequencies (per million PBMCs) in
naive controls and group 11 macaques at week 2 (closed boxes) and
week 12 (open boxes) are shown. ND, not determined.

DISCUSSION

In the present study, induction of CD8" T cells specific for
a single Gag,,, _»4o epitope by prophylactic vaccination resulted
in a significant reduction of plasma viral loads after a SIV
challenge. Even if vaccines are designed o express multiple
antigens, of the vaccine-induced CD8" T cells generated, at
most one or only a few epitope-specific cells may recognize the
incoming HIV because of viral diversity and host MHC poly-
morphisms (10). Our finding, however, implies that even a
CD8* T-cell memory response to a single epitope which can
recognize the incoming HIV could facilitate HIV control.

Group Il macaques showed more effective CD8* T-cell
responses than did naive controls after a SIV challenge. Our
previous trial of a vaccine inducing Gag-specific T-cell re-
sponses resulted in SIV control in 90-120-fa-positive macaques
with rapid selection of the GagL216S mutation escaping from
Gagygs. 6-specific CD8™ T-cell recognition at week 5 (27). In
contrast, the Gagysq 50 vaccination resulted in SIV control
without gag mutation selection over 5 weeks in the present
study, reflecting the fact that, rather than Gagyge.o)4-specific
CD8* T-cell responses, dominantly induced Gag,y; a49-Spe-
cific CD8™" T-cell responses played a central role in the reduc-

6002 ‘61 1snbBny uo Ag B10"wse IAf wosj papeojumoq



9344 TSUKAMOTO ET AL.

A B
. 10+ o _ 10
9 a8 —&— R04-016
=& T8 ~¥— R06-007
8 8 14 g g 1 =
05 58 —0— R07-002
+ N
E% 0.1 te o —0— R07-003
§= £3 - R07-008
3 00td——0 £+ 001
0 2 - 0 2
10t C
R P = 0.0001
& 10
8%
5 o
5 1 ~Aal.
88
Qg L] °
2° 0614 ®°
OF B
q;'_ ——
i 5= ool 82,
ma®  BO 1+ 1l f

F1G. 5. Frequencies of Gagayage-specific CD8™ T cells detected by
Gagyyy.249-Mamu-A*90120-5 etramers after a SIV challenge. (A) Fre-
quencies of Gagay,.2p-Mamu-A*90120-5 tetramer™® cells within CD8™*
T cells in group 111 animals before a challenge (week 0) or at week 2
after a challenge. A representative dot plot gated on CD3* lympho-
cytes for determining tetramer ™ CD8* T cells (x axis, CD8; y axis,
{ctramer) in macaque RO7-008 is shown in the lower panel. (B) Tet-
ramer” CD287 cell trequencies in CD8™ T cells in group I animals
at weeks 0 and 2. Data on tetramer® CD95* CD28~ CD8* T-cell
frequencies at week 0 are unavailable. (C) Tetramer™ CD95* CD28~
CD8" T-cell frequencies in naive controls (groups I and I1) and group
111 animals at week 2. The bar indicates the geometric mean of each
group, The frequencies in group IIT were significantly higher than
those in naive controls (P = (L0001 by unpaired f test). Samples from
macaques R06-019 in group T and R07-007 in group 1 were unavail-
able for this analysis.

tion of viral loads in the acute phase. These results suggest that
this vaccination approach altered the dominance pattern of
CD8" T-cell responses and resulted in dominant induction of
effective Gagay.ago-specilic CD8" T-cell responses in the
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acute phase after a SIV challenge, facilitating a reduction in
peak viral loads. Selection of vaccine epitopes for induction of
CD8" T-cell responses might be important for viral control
because the antiviral efficacy of CD8* T cells could be affected
by MHC-I-restricted target epitopes (10, 19, 25, 35).

Gag,yy.040-specific CD8* T-cell induction by prophylactic
vaccination resulted in higher frequencies of these T-cell re-
sponses during the acute phase after the SIV challenge. The
induction of Gagay, a4g-specific eflector memory CD8™ T cells
was especially marked. We did not examine polyfunctionality,
but analyses of a cytolytic marker, CD107a, indicated higher
frequencies of Gaga,, .40-specific cytolytic CD8* T-cell re-
sponses, implying that these T cells originating from vaccine-
induced memory may have higher cytolytic activity in the acute
phase. These results suggest that group I animals with
Gag,4_240-specific memory CD8* T cells showed induction of
a high magnitude of Gag,,) 40-specific CD8™ T cells with
cffector function after a SIV challenge, resulting in reduction
of viral loads in the acute phase.

In this study, some 90-120-Ia-positive unvaccinated macaques
showed lower viral loads. However, in our previous studies with
Burmese rhesus macaques (reference 15 and unpublished
data), all unvaccinated 90-120-la-negative animals failed to
contain a SIVmac239 challenge and animals, including vaccin-
ees, that failed to control SIVmac239 replication developed
AIDS in 1 to 4 years; even R-90-120 descendants possessing
the MHC-1 haplotype 90-120-Ib but not 90-120-Ia (both 90-
120-Ia and 90-120-Ib are derived from breeder R-90-120)
showed high viral loads. Additionally, 90-120-Ja-positive ani-
mals failed to control the replication of SIVmac239 carrying
CTL escape mutations (16). Thus, a SIVmac239 challenge of
Burmese rhesus macaques mostly results in persistent viremia
and progression to AIDS but some 90-120-la-positive animals
may show lower viral loads due to 90-120-la-associated SIV-
specific CTL responses. However, a previously reported 90-
120-la-positive unvaccinated macaque, R02-007, developed
AIDS around 3 years after a SIVmac239 challenge. Further-
more, two of the 90-120-Ia-positive vaccinees that controlled a
SIVmac239 challenge but showed reappearance of viremia
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FIG. 6. Gagayy.a40-specific cytolytic CD8™ T-cell frequencies at week 2 after a challenge. PBMCs were cultured in the absence or the presence of
the Gagyy) .24 peptide for unstimulated controls or Gag,,,.a4e-specific stimulation, and the frequencies of CD8™ T cells exhibiting Gagay,.oq0-specific
induction of both IFN-y and CD107a in the total CD8" T cells were examined. The bar indicates the geometric mean of each group. The frequencies
in group IIT were significantly higher than those in naive controls (P = 0.0249 by unpaired ¢ test). The right panel is a representative dot plot
showing the CD107a (v axis) and IFN-vy (y axis) responses in CD8™ T cells in macaque R07-008 after Gag,y,..49-specific stimulation. Samples from
macaques R06-019 in group [ and R0O7-007 in group 11 were unavailable for this analysis.
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around 1 year later developed AIDS (15). Thus, it is inferred
that the majority of 90-120-Ia-positive unvaccinated macaques
develop AIDS after a SIVmac239 challenge. Several MHC-1
alleles are known to be associated with lower viral loads in HIV
and SIV infections, and potent CTLs directed against these
MHC-I-restricted epitopes have been implicated in the sup-
pression of viral replication (7, 8, 9, 10, 13, 18, 22, 31, 33, 48).
The Gag.y,.ase-specific CTL may also be naturally potent (10,
163, but the impact of memory induction of even these potent
CTLs on viral control has not yet been determined. Thus, this
is the first study documenting the benefit of single-epitope-
specific memory CD8 " T-cell induction by prophylactic vacci-
nation for HIV/SIV control. Further analysis with a vaccine
expressing a single helper epitope, as well as a CTL epitope,
would contribute to evaluation of the impact of HIV/SIV-
specific CD4* T-cell memory induction on HIV/SIV replica-
tion.

Because CCRS™ memory CD4* T cells, especially HIV-
specific CD4™ T cells, are themsclves targets of this virus,
whether virus-specitic CD4"' T-cell induction by prophylactic
vaccination can result in effective virus-specific CD4" T-cell
responses postinfection and contribute to HIV control remains
unclear. On the other hand, it has been unknown whether HIV-
specific memory CD8™ T cells induced by vaccination without
HIV-specific CD4* T-cell help can elicit effective responses after
virus exposure. In the present study, the pGagyse.os0EGFF/
F(—)SeV-Gaga.250-EGFP vaccination elicited Gagaq;.240-5pe-
cific CD8" T-cell responses without SIV-specific CD4* T-cell
help but possibly with EGFP-specific or SeV-specific CD4* T-cell
help; ice., SeV-EGFP-specific CD4" T cells would confer cog-
nate help for Gagay,aqo-specific CD8™ T-cell induction. The
(Gagayy.oso-specific memory CD8 " T cells induced by prophy-
lactic vaccination without $IV-specific CD4™ T-cell help but
with non-SIV-specitic CD4"' T-cell responses responded effi-
ciently to a SIV challenge, showing dominant Gagas).249-5pe-
cific CD8* T-cell responses resulting in SIV control; infection-
induced SIV-specific CD4" T-cell responses may be involved
in Gagyq,,so-specific CD8" T-cell induction postinfection.
Therefore, this study documents that prophylactic vaccination
eliciting virus-specific CD8 ' T-cell memory even without virus-
specific CD4* T-cell responses (but with cognate non-virus-
specific CD4* T-cell responses) can facilitate SIV control after
a challenge.

Taken together, the present study demonstrates that induc-
tion of single-epitope-specific CD8" T-cell memory without
virus-specific CD4" T-cell help by prophylactic vaccination can
result in dominant potent CD8" T-cell responses and control
of SIV replication after a challenge. These results imply pos-
sible HIV control by prophylactic vaccination eliciting virus-
specific CD8" T-cell memory with non-virus-specific CD4"
T-cell help and provide valuable insights into AIDS vaccine
development,
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v MNEREY A VA HIV) BEHETIE, BABRECL o THEINAEERENTICL-oTHY
A WA FITHER ST, BUEREESRIL L, FORKE, T4 XBEICWEE, FICHREK
BOBMEVIEETT 7 F VARSI L TELAMEREEICHL, 0L 2HRERICES L
WRIYEICKT 27 7 F VBBV TIRIEROM B o b S LEE 2 S, ChETOE
KEHBINLY, HiHED L OBRRBREHBRICERPALRTVE DD, BRETFHHELHF
FTHIARXT 7 F VHABCEE-> TR, #F, £0L) Rt FHE il HIV R - 3
PRI U DV T EHLMICT A EPREEREL Lo Twah, RFTHE, HoRED
REHLT 278 —ThHAHPMERLIREEET ) VA BROERICEEL, 775y THESRLLY
7= AR =, HIVBZEICHLED L) ZEEBEZRIBTHAEVIREILT 7 F VREOH
HAEETL, S5\, ERBRABEHEIGERL TWARLDIA XY I F VAT LOMEST

T HEEICERT 5.

1. BB

1981 FEIERMRERSEER (24 X) DERIHRE
Sh, 20, ¢ bRERAETA VA (HIV) 2°€ DR
TANVATHLZEFHNBALTHO MR PEEL
TWab A, O HIVBEEROBENTE % BHVwTw
4. UNAIDS (Joint United Nations Programme on HIV/
AIDS, http://www.unaids.org/) DHEE TIX, 2007 4K
DT, O HIV RGE #5134 3300 A A, 1EHO
FHBRERIEIHN 250 AN, 1EBOT A XITX 55 TH
B 210 HATH Y, b2 ETH 2008 £ 1T BEES
D 1100 Ad F ) OFH HIV BEEFRES LTS (B
EHEE A ABREES). 77 Akl LRATH
Beo HIV gk, HIVICHEE - 2RO 52, 18

HEA
T 108-8639
ERHEE 4-6-1
R KFER AT E BRI v & —
TEL . 03-6409-2078
FAX . 03-6409-2076
E-mail . nomutaku@ims.u-tokyo.ac.jp
matano@ims.u-tokyo.ac.jp

FRIERIC L 22 L Y iz v HIV O BRI T
D REMERR, FEETER L T A HHIV BT A6
HERERBBISHEU O CTRESRIES LTS, 25T,
FIEFREVMIRTEIANCH 5 HIV BREE B OB & Y HEAR
BEYSE AL RET 2Rtk ELONE, Lo T,
HIV &Gk, WATHIRS ) Cld e  Za— L i s
THYMATRTREEBRWEERETH Y, 7ML AH
FEOB % 5 T L\ ) FRIEEEAS HIV BRYYE RO A &
A5,

BYSEARMIE O 72121E, FTFHSNTHEEI AR
% B H, HIVERHED & ) IEAERER O RV IBMHERYYE T
X, BEEOREEDEL , HENTFHEBZTICL5H
CADIZIERAENH B, FDi, HIV EEL KO
DALE LT, FHZAXT 7 F VHABERELLIEBTD
b, FHTAXT 2 F XY, & BIERE OB AHNH
MEESNIUL, HENTHES LR HVELSICLS
HIVESEDO Y ha— Vi c& s, o), ZoF
A X7 7 F VRS, ERNRTH S HIV ERGRIT S
TOBRPIAMIEE A LT, HATHIRDA b o274
Ko HIV BISETIRICE T2 LW ) Bl Tdh 5.

2. HIV BRIEDHH

HIV BEEHEO HARGA T, FHE SN 2 ERRIERIEIC
£ o ThH HIV EEAHIH S NTHRBRGEA L L, &
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I A ABEILES, LD oT, T4 X7 7 F VR
BWTHE, EOT7F DL BRBEOBEME VD
ZRZHIZTTIRERET, FLOBSICED CEBEPNE

Sl h. FPIE HIV RGO % [k 3 5 BiiRE o ff

HPEETH), TRIT, FISHBREOREN LY x

75 —THHIKRLMREBERET Y »33k (CTL) 1288

FBWIHE D ST A, HIV BREED BRI

B2 BIERERCOFHIUTOLBN THS.

(1) #12 HIV BRgeaMiic B¢, HIV OfiEA # HE
T 5 PP D FER RSB N E MO TV A D,

(2) VT4 ZEF MBI S RIHHAZEREERIC X
D 2% MR R L S X R B AR,
B L~V TIREER HIV BRI R 2 2 S 2w
rEZLNTWS, 2720, RHEACETEIAS
—TERESERENLZ LD, HABREOUHIEL
HLTVBIEDREERTNG Y,

(3) b b HIVERGAMIIC B 2B (KRAY I VARE
HIV #:2&# CTL L~V & OFHRE) 60 % & Utz v
TAXEF BB CDS Bl B FEER I LY 89,
CTL (35 R HIV #IEHIRIRI R 2 A L, Fhkg
BILFBEIE I E S 22\ b D HIV 35085 1 i R
EE R L TWEIEIREINTNS, FFiZ, Gag il
FUERE CTL 2558V HIV EEIHREZET A2 L
ATRBEERTVS O,

(4) CTL &, FEMGBESRETHRAKZ 9 2T (MHC-
D) &AL CHIV BRgfifaRm LicRpm s s HIV
PURHRARTFF (Z¥ b —7) ZRERMICERT 2.
O MHCI (& T3 HLA) EETFHDS, HIV &g
BRI A VARICKESEETZ 5L L0500
NTHY, BWEEICHETD EmEY HLA EE
FRP, BHIRREEICEUD (HEMIE HLA E{E
FEPmESNTHA L2 chsoMRiE, CTL®
iV HIV BRI R 2 KM L T\ 5.

L7zh%> T, HIV BREGTE, CTL KIS & % HIV
HWRMEIIED 5N D b DOFRBERIICEL L W) &
Liikd, FOERERE LT, [Bgeadliohiiiids
AR S THLIL] BLU [FHEENBLCTLIZL S
HIV #8UIHIAR 5 Thr L] O2 8l ELLR, &
NOOBERAERT LI, 77F VBRICBITAEE
LEEETH 5.

CHOIZEET 5 HIVOR L LT, £OREDFIZERN
A CCREMECDABMT Y Vv S TH B I ENET LN
5. FO7z%, HIVERESEMIC, BELPLETARAE
)~ CDA BT VU U BROKERIBIIES Z EPHRES
NTBY, ZOIEHRFOHOBEBEHHOREERLE
BCIAXBIEH T2 E— L hoTniEER LN
T3 3D shs 2o CDA AV S— T 1) ¥ o8
BRI LT, CTL OEEREICHE IOV T WA

(a4 #59% 28,

HetED i 5. FEBE, CCRS Mk CD4BtE T V) v /38k% F4E
f9& ¥ BHIVRERS Y £ VR (SIV) & 5\ i3 SIV-HIV *
A %4 VA (SHIV) B VAR IB MR R 29 501
L, CXCRAGHCDARGMT V) v 35k e M E T 5
SHIV Bt S MBEZEL, 77F ickbarbuo—
VHLBHESTHL B, S50, FWEORIGFEE
ReENFHEE LTI, HIVZyRu—7 (Env) HEO#
RO EEIEEBH S TULI LR L e TS
— BTN T 7 A LI WT k&) 1420 psne
Foh, $%EOCTLIZ2WTIE, HIVO CTLHETICS
T AEEENFES L TWATERIEZ OIS,

3. HIV B3 - B8RSV REHE

IEOBRBEICBITAMRAED LI, RORAT v T L
LT, 77528 5 0EFED HIVRERD 5V ITEE
B HIV B - P Lo L) RBHMRELBEL Y 20
EV) T EEEZBLENFDHL, TOAT v TIEBWTIH,
PWIAXETFT VBT DFFPEELRBZEEZHS T0 5,
D7FVRAREATY 2 FHET L L)Y T
HHN, BLEENLT I F DA A—DIE, T720%
— ¢ LTORKFEICL D74V AEEBEIETHE, Ly
L, BHEEEICBTA 0L RHAIC L 5 EEMIE S
ENBHEL, Bk (7227 % —) & BEGgERIEST
Tix %, BRBEORAE) = Y ERO 2RI L5
A N ABEFEIIH b @ THRERIE IS oW Tw B E R
PH 5.

CHLDOEEERL, 7/ FVICEVBEINLFEER
BOXL T2y ¥ —WHERL AT —WERZEBLTER
Thdlk, DrF kb HIVEYE  HEHEECETDL
BRELLT, UTok)icTtosledcas (H1).
9, PHPUAFELZFRET ST 25 ik, (A) HIV
BERICHICHFETLIFHNNAK (72278 —) 12X 3
HIV B P o ggtk L, (B) HIVBREHZOAEY—BY
YISERD 2 R UG T B HURBUGIC & 5 HIV 38 80
OWEEMIEZONS. —F, CTLS#ELZERET LTS
F T, (C) HIVBERICBICHETS (727 ¥ —
HoHrwiE) 72 ¥ —*F)Y— (EM) CTLRIGIZ & 5
HIV 28U o REM &, (D) HIVIREHROL Y bI v R
EY— (CM) CTL @ 2 RFEC & % HIV 3540 07T 5
UBEZOND, B, WThIEBWTbT 7 F U THE
XNBAEY — CDABMET Y ¥ SERRIGOBS b RETEE
BHei b,

3A. TV F U BERMARGICK 3 HIV BEBHOTEEM
ATHRIC & B IRERBEI T 2 T OB A TH
D, DETL D, ZOBFICRoRAPES LI TE
7o, ORI L S HIV BRI ORI OW T, ¥
VA XEFNIZBITS SIVH B SHIV F v L >~ JHi
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HIVEE R DB

1 TIFIED HVER - ERIDGIRE
(A) HIV B E R 0> PABUALC X B HIV EEP5H.

B)HIV BZHRD AT — B ) 8BKBUG - PHPUERSIC & 2 HIV 8.
(O HIVEER - BEEHOL 727 ¥ — AF1) — CTL ol & 5 HIV 3 &4
O HIVEBEROE Y PNV AEY — CTL BB X A HIV EE4045!]

OHHPUETERIFIC L VYREN TS AB) | 52l @i
FUED TR I D W TIPS 5 b DD, KIE (3B) ©
HIVBRZEHRO 2 KBUG & ORI & ) HIV i denian
IO ERENTRBR SN2 b HY, T4 XTI F
YERBEO DL LT, PHRAFEIEELEZON
Twh, T2, PHBREEY A VARS & —BEAY I
BIFAESIVFy Ly VERL (Hv i SIVAROEEIR
HHHOD), PHIHEFEOEDEL THLTWVA X,
HAMERFED - ODORAE LTI NTTHED LN
Wb A VAT 2 F R Env 7=y b7 F I EOH
TIXERICKRDb> TEL, BICHERZ EnvREEH
(gpl20) #72=vy bTrF i, WO TOHKRAERE3
HE TITbN s, HHPEREENRS 2 AL RT
CEMTEL D720, HIV O ¢ ERERSETHY
SN TV BERSMITT 5 P ARAFEIILBRNES T
& AN, HIV EGE D S5 SN2 BRSEERICE T 5 Ff

PRGBS S TWa, EEORFRERIZID, W,

L OD DRSBTS B PR TFEDS TR L 2> T
ETW3 500, HIVOSREICHEL ) 270 —F (4
#) APMPUFEENEE L, TORERRPEELR T —
TEhoTWA Y, HIE, KEEIHED SN TS EE,
HIV B B0 S b 70 — Rk o RaERhL
(¥ b—7) ZEEL, HTHEERT LR LR
AV ERABDBDOTHHY, ZhFT, ¥ M= THEE
EN=bok LTIE, gpl20 @ CD4 &M ER#ET S
bl2 B\~ v/ — ARG ) THEHEARTH 2612 % LD
HIVEwDLv 7% g WHETLE/) 7 u—F )

FPLE23, BL U Env EEEEN (gpdl) OFEEME K
A A RS % T 2 2F5, 4E10 % ¥ o HIV fifag
ABOBEEABEL HET 2T/ 70— F VP bEYR S
5% X502, ZBAKepl200 V- TRBHT LT 0
— N2 E 7 70— uhFbifk PG, PG16 w3 S hiF
HEhTws 39,

3B. 7UFUBEAEY—BYUNBRRIGICES HIVE
SLMEI O AT EEM

Z T, HIV S # o AT RS2 HIV 2580

52588 hMIBREZEETS, BRRO LI, W

TNV A XEFNAIBIT BT AV ARGS ORI R EIR

BEEB,S, BEREBRESRIILTLE) &, 20/
HHPEDHE (HoVIEE) ShTh, HIVERHE
WIREL LI BBRARIAVEEZORTWSE ), L
L, #4 0 SIVEGEMH (SIV mac239 BH7HE) @
AR B RIEERR T, BEES 17 A DBRORN Y
A WVABDOETAED b, HIV Bgeaii o hfibhiii K
JEs HIV B e B B RS 050  WREEAYR S iz
) ZoFRTIE, HREAT AR D Y AV AKTF
BUAATCHELS & B HREENY SIV 45809 CD4 BB T 1 > 238k
FOnofRE (2 & ICHRFIBURIC L 25R5E) L) Fas
Ezoh, WHERELMBEERE L OBRERICE S HIV
BB &0 ) JT LVBESASRIZ S 72 3839 L7285 ¢,
hHIPUASEE Y 2 F ¥ T, BHMEORMPIEOFHE - 4
FEASC &390 HIV BEER O hAHLALC & B BB
SEETHoTh, BREEOTERIEE A L HRER Ml tE
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SBERIGIC XY, FERBEROL I HE U AT RS E
mahb, p, HIVBHZHRO B YB3k h EOEE
I2oWwWT, SV A XAEFMIBITSL B Y VSERiEER
DL L2 2, FURMKEEBIEBERS (ADCC) ¥
LHER LEPEHLH, KZarkrFARBLRTE
LYHEBRIPDPNTVWBRETH S,

3C. POFUBFEI V8 —AFEY—~CTLRIEICED
HIV 8L O R REM

CTLHED 7 F /i, HifkFET 7 F v EALT =0
Y — RGBT L LEMENTWVWAGEAEbHAH, FHARMIC
BAEY—T V5% (CTL) %FETHT /T Th5.
LAaL, AEY—=T VBRI OWT, 7275 —XF
J— (EM) ¢tV FoMRAEY— (CM) KKRHTAZE
PTE, HIVBREROWMEDFEEBIZZIRELENYH S,
BIEOBEBRY 4 P AT Oy A VA (CMV) N2 & —%H
WS F Y OFNIA RET MBI ARIER Y 11,
EM-CTL F#RIY 7 F O ERT L &b, EMFBF
ERE CM FEROBVEREE LS OTHEIKEY, & b
CMV BRZEIZBWTIE, CMV R EM-T ) Y SBRDH
B HEEREIAA I EPHS Tz, HIV HUEFEE CMV
Ny &R VTR, #FE L HIV BURSREN EM-T Y
VOSERASEE - MR RN, BEEOY VIZB VT SIV AR,
WEBERIFFRO LN, ZOBERRE, BEaUHY-s
A NVABOKT (H2VIEHTTEE L NV ORGEOHIE)
PERAT, BHHCENEIRO LN, ob DR, &
v FEA VMOV A NVABEDETOALNZVWE W
BTHolz, Ih, HIVBERD L VIZBEERORHE
% EM-CTL RfSic & A HIV B EOFHLEEZ L
N5, ZOXS5IZEM-CTL 2 #4522 &IlonwTiE,
HIV B8t 0@ 3 2 itk & Ak, R0
WU O TR D &0, Retom i 2 ZREY
REZEDBHBD, T F AL B HIV G - R
M =8 e 0—2 & LT, SHROMFEERIIFS
nas.

B, COREEELT, F{HEAET I F IOV TH
RTBUCPEED L, YVIA XEFMIZBWT, nef &
{ZFZRIBLZSIV 288FL7 A VAL LTHY, £0F
R TR L b OPRENEEETH S 59, Zhooff
Fry, BEETIFrOFH™IIVEIFREL S
TWwa b0, BUFREETET 5 HIVOR#HICLY
RIELEWRELRET 7 F v 2 ST HRBEIFEL ST
BT, BB A CHEELET 7 F L OBEIBHIRE X
LhTwizv, LaL, §§FEET 75 v ORER SIV £
BB T OBE RO PICT A L, ERELRE
D=2 ENTn5, FHFAROBESIEC L OHEDNE
FT o ERHEIh T ® —), CTL o5 3 ER &
NTWBERY Zh S OBF OIS BET SN T2,

(WANA #59% %25,

Fad, LERCMVARY -7 F v LK, EMCTL %
EDHLOREE R L TR ADTERVAEEZ TS,

3D, 7O FLUBEELNSIAT) - CTLRBICELS
HIV ESUNHI D ATREM:

41k, CM-CTL S, CTLZEY 7 F v 0K L2
DAL EZTWA, ORI, HIVEEHRO CM-T Y »
2SR CTL UG HIV EEIEIHREIZL Y, £y b
BA ¥ VAR Y A NV ABIRT - B 7 Bk % 47
HT250THY, EE, LI XEFVTHIE RS
5470 F VRSB OONLRNORTHE (kDT
FIUANAAVIRG ¥ =7 2520 BIer Ay
A WAR[SeVIRZ ¥ =1 75 0) CM-CTL#H#E % HHE L
THLIEDAY v M, X HRFEPOHL VO CTL K
TEOFESHFEIND LT %L, & 0 HEEM % CTL
RIGOFHENRP, FEEND CTL OBEH (FIF VA
Ny =) OB ENEZLHbNRD P,

COCILFHEY 7 F VEBIZBWUE, FUN) =T A
TALEBRPEOEBRVPERL 25, TYN) -V AT A
LT, HIVHERBEYANARY ¥ —OERENRS
hTBh, BEEATIE, DNAVZF U2 fiaabel
DNA 754 A« YA NWANRY ¥ —F— R MED, RIIE
IWCTLHEREEZEZ LR TWS, By 7 RARTAIWVANR
yH—, AAVRZ ¥ —, SeV Ay ¥ —7p &Ry 4 VAR
75 —OERFEIED SN XL, BICAVARYZ F—H B0
ZSeVARZ ¥~ HWizT I L T—ATIF VD
Wi, AWML TN XEFNIIBIT B EDE
(T ANWABIKT % b I BEado X €1 — CD4 Btk
T Y SEROMERR) 2O TRLIEAROI VF VAT
AE LTI R TV 5 1250518355 = h 5 p Y 25 AT
FEINLIHEBERNT ) V35KV T, CMV N2 ¥
— DA KBRS, CM-T 1) v SBREhE - M2 £ L3505,
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B, F iz, REEID L VIIIFERER ORI, EEEROE
R, WIEGREFEOWRNE, s ¥ —BfFRBEORE R
COBETTREBEI T TOARHTH B 0,
ZHEMBEORERIZ, SHLWLBEELRBETHL. 20K,
EO &) BFELY b~ THERE CTL 255\ HIV 35540
W2 B THPEVI) BEBLPIETAIEPFEETHS.
HERMR L~V CTL o HIV B AE o fig A7 525758)

C R, EELARVTO CTL Ay —7EROMEN, X512

FOEREPHET S HIV OBELELOIFAT 51585960 13 F%)
CTLoBIRICEREEZONL, ZOHICDWTUE, W
A PH A CRERERETR &0 CTL D21 cidk &, PiER
A GERSgfle) OVERAMFEOBEIAKENILE
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Theory for prophylactic AIDS vaccine development

Takushi NOMURA and Tetsuro MATANO

International Research Center for Infectious Diseases,
The Institute of Medical Science, The University of Tokyo
4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan
E-mail. nomutaku@ims.u-tokyo.ac.jp; matano@ims.u-tokyo.ac.jp

In the natural courses of human immunodeficiency virus (HIV) infections, host immune

responses fail to contain the virus and allow persistent HIV replication, leading to AIDS progression. For

development of an effective vaccine against those viral infections which do not show spontaneous

remission, it is important to elucidate which immune responses to be induced for viral control. This review

focuses on antibodies and cytotoxic T lymphocytes, key adaptive immune effectors, and discusses

possible mechanisms for HIV control by vaccine-induced antibody, memory B lymphocyte, and

(effector and central) memory T lymphocyte responses. Finally, we mention the ongoing international

project for a clinical trial of our Sendai virus vector-based AIDS vaccine.
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Background Atopic dermatitis (AD) is a chronic disease with a Th2-type-cytokine
dominant profile. Several cytokines and related peptides have been used for the
treatment of AD but they were ineffective because of their limited biclogical
half-life. We have recently developed a highly efficient mouse doininant negative
interleukin (IL)-4/IL-13 antagonist (IL-4DM), which blocks both IL-4 and IL-13
signal transductions.

Objective To examine the effects of IL-4DM in vive in an AD model induced by the
repeated exhibition of oxazolone (O0X).

Methods Plasmid DNA was injected intraperitoneally to cause an experimental
AD-like dermatitis. The effect was evaluated by ear thickness, histological findings,
and mast cells counts in the inflamed skin. The plasma IgE and histamine levels
were measured. Cytokine production in skin and splenocytes were also analysed.
Results Mice treated with control plasmid developed marked dermatitis with mast
cells and eosinophil infiltration, and had increased plasma IgE and histamine lev-
els with a Th2 type splenocyte cytokine profile. Treatment with mouse IL-4 DNA
augmented the ear swelling and thickness with an increased dermal eosinophil
count, plasma histamine level, and production of splenocyte IL-4. However,
IL-4DM treatment successfully controlled the dermatitis, decreased the mast cell
and eosinophil count, and suppressed plasma IgE and histamine levels. Spleno-
cytes produced an increased level of IFN-v.

Conclusion These data showed that the simultaneous suppression of IL-4/1L-13 sig-
nals successfully controlled Th2-type chronic dermatitis. IL-4DM DNA treatment
is a potent therapy for AD and related diseases.

Interleukin (IL)-4 plays a central role in Th2-cytokine-domi-
nant inflammatory skin diseases such as atopic dermatitis
(AD).""® IL-4 is responsible for the differentiation of allergen-
specific Th2 cells together with its closely related cytokine
IL-13 for the class switching of activated B cells to IgE-produc-
ing cells. The effects of IL-13 are similar to IL-4 on B cells,
monocytes, and other cell types, but T cells appear to lack an
1L-13 binding receptor component and do not respond to
IL-13."7 The structural basis for the overlapping functions of
IL-4 and IL-13 is a shared receptor subunit, and IL-4Ro
organizes intracellular signals in response to both cytokines.”*
Signal transduction is induced by heterodimerization of the
IL-4Ra with a second subunit; which may vary according to
the cell types. The specific inhibition of IL-4 can be achieved
by antagonistic IL-4 mutants. Variants of human IL-4 that bind

to the receptor subunit IL-4Ra, but not to the other subunit
v-chain (yc) or IL-13Ral are competitive antagonists of
IL-4.7% 1L-13 is inhibited by similar variants, which form
unproductive complexes with IL-4Ra.>” The single-site hurnan
IL-4 mutant Y124D has been used as an IL-4/IL-13 inhibitor
in various studies,””” but this variant retains some resid-
ual agonistic activity, which could be relevant for in vivo
applications.”® In contrast, IL.-4 and IL-13 double mutant
R121D/Y124D lacks detectable activity and appears to be an
effective antagonist for human IL-4 and IL-13.%43

We have recently developed a highly efficient murine
IL-4 antagonist DNA (IL-4DM), in which the amino acids glu-
tamine 116 and tyrosine 119 were changed for aspartic acid.'”
This murine mutant DNA is analogous to the R121D/Y124D
double mutant. IL-4DM binds with high affinity to the murine

© 2009 The Authors
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IL-4Ry without inducing signal transduction, and has no
detectable activity upon the proliferation or differentiation of
murine cells, An appropriate amount of IL-4DM completely
inhibits responses by wild-type IL-4.'" Like its human ana-
logue, the IL-4DM mutant is also an antagonist of IL-13
(B. Schnarr et dl., unpublished data’”). Recent experiments with
monocytes from mice lacking a functional yc gene showed that
IL-4DM is a complete inhibitor of IL-4 in the absence of yc as
well.?® In this study we have examined the effects of IL-4DM
in vivo, using an AD model induced by the repeated exhibition
of oxazolone (OX). The repeated application of a hapten such
as OX on mice causes an initial delayed-type hypersensitivity
that changes to an immediate-type response in the late phase
with elevated IgE production and deviation of Th-cell
responses. The skin lesions that appear in the late phase are
compatible with the dlinical findings as well as the cytokine
profile observed in AD.”'"** The inhibitory effect of IL-4DM
on IL-4 and IL-13 on the immune response was comparable
with that of knackout mice lacking either IL-4™* or IL-4Ra.
Treatment with IL-4DM prevented contact hypersensitivity

responses with the increased production of interferon (IFN)-y.

Materials and methods

Animals

BALB/c male mice aged 5 weeks were purchased from Japan
SLC Co. (Shizuoka, Japan) and were used at the age of
6 weeks. Age-matched wild-type BALB/c mice were used as
controls. All animals were cared for according to the ethical
guidelines approved by the Institutional Animal Care and Use
Committee of Mie University.

Reagents

The ¢DNA coding region of mouse IL-4 was amplified by a poly-
merase chain reaction (PCR) based on the cDNA sequence of
mouse IL-4. The mouse IL-4 fragment was inserted into BamHI
and EcoRI-filled in pcDNA3.1+ (Invitrogen, San Diego, CA,
US.A) under the TPA leader sequence, and then digested by
BemHI and Sacl. A Quickchange™ Site-directed Mutagenesis kit
(Stratagene, La Jolla, CA, U.S.A)) was used for the mutagenesis of
mouse IL-4. The oligonucleotide primers used to prepare a mouse
IL-4 double mutant (IL-4DM, Q116D/Y119D) were CTAAA-
GAGCATCATGGATATGGATGACTCGTAGTCTAGAG and CTCT-
AGACTACGAGTCATCCATATCCATGATGCTCTTTAG. The IL-4
mutant fragments were ligated into pcDNA3, 1+.* Mouse IL-4,
IL-4DM plasmid DNAs were purified using the Plasmid Mega
kit (Qiagen, Chatsworth, CA, US.A.) and diluted with sterilized
physiological saline. OX was purchased from Sigma (St Louis,
MO, U.S.A.) and was dissolved in acetone/olive oil (4 : 1).

Administration of DNA

Mice were treated by intraperitoneal injection of 100 ug of
IL-4DM DNA on days 0, 7, 14, 21 and 28. A control plasmid

© 2009 The Authors
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Fig 1. Schedule for induction of chronic contact hypersensitivity and
administration of compounds. Mice reccived intraperitoneal (i.p.)
injection of 100 pg of each plasmid DNA on days 0, 7, 14, 21

and 28.

(pcDNA3.1+) vector and IL-4 DNA were also injected on the
same day (Fig. 1).

Sensitization and challenge procedures

As shown in Figure 1, mice were initially sensitized by pasting
20 pL of 0:5% OX solution to their left ear 7 days before the
first challenge (day 7) and then 20 pL of 0-5% OX solution
was repeatedly applied on the left ear three times per week
from day 0 as reported previously.” Ear swelling was mea-
sured with thickness gauge calipers before and 30 min after
OX challenge to the pinna of the ear on day 35. The ear
swelling response was expressed as the difference between the
values taken before and 30 min after application.

Histological analysis

Ear skin specimens obtained 6 h after the final challenge on
day 35 were fixed in 10% buffered neutral formaldehyde and
embedded in paraffin wax. Histological sections were of 6 pm
thickness and they were stained with haematoxylin and eosin.
The sections were also stained with 0-5% toluidine blue for the
identification of mast cells. The cell counts were performed in
six consecutive microscopic fields at X 400 magnification.

Measurement of plasma IgE and plasma histamine

Blood was collected under ether anaesthesia 6 h after the last
challenge. Plasma IgE levels were determined by a sandwich
enzyme-linked immunosorbent assay (ELISA). In brief, 96-well
immunoplates (Corning Inc., Corning, NY, U.S.A.) were coated
with 100 pL of an antimouse IgE caprure antibody (2 pg mL™")
(BD PharMingen, San Diego, CA, U.S.A)) overnight at 4 °C.
Plasma samples of 100 pL were diluted 60-fold with PBS
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containing 10% fetal calf serum (FCS) were placed in the wells.
After incubation for 1 h at room temperature, 100 pL of biotin-
conjugated antimouse IgE antibody (2 pg mL™' in blocking
buffer) (BD PharMingen) was added to each well. The plates
were incubated al room temperature for 1 h, followed by six
washes, incubated with 100 pL of horseradish peroxidase avidin
D (FUNAKOSHI, Tokyo, Japan) 1 : 1000 in blocking buffer, and
then incubated for 30 min at roomn temperature. A substrate
solution of 100 pL containing 1-5 mg ABTS (Sigma-Aldrich,
St Louis, MO, US.A)) in 5§ mL of a 01 mol L7 citric acid solu-
tion was added, and kept for 30 min at room temperature in a
dark place. Thereafter the reaction was terminated by adding
50 pL of 2 mol L™! H,S0,, and the optical density of each well
at 405 nm was determined by using a microplate reader. A stan-
dard curve was prepared using mouse anti-TNP IgE standard (BD
PharMingen). Plasma histamine levels were analysed using the
commercial sandwich ELISA kit from Immunoteck (Marseille,

France) according to the manufacturer’s protocol.

Purification of mRNA from mouse ears

At 6 h after the final challenge, the skin of the lefi ear was
sampled. The specimen was homogenized and the total RNA
was extracted using Isogen (Nippon Gene, Tokyo, Japan)
according to the manufacturer’s instruction; 1 mL of homo-
genate was vigorously mixed with 200 pL of chloroform, and
centrifuged at 12000 g for 15 min at 4 °C. The aqueous
phase was separated and mixed with 0-5 mL of 2-propanol
(Nacalai Tesque, Kyolo, Japan) to precipitate RNA. After
centrifugation, the precipitate was washed with 1 mL of 75%
ethanol (Nacalai Tesque) and dried. RNA was suspended in
S0 pL of RNase-free water, and the concentration was mea-
sured based on the absorbance at 260 nm, and the quality
was confirmed by electrophoresis. ¢DNA was prepared from
10 pg of mRNA using archive kit (ABI, Foster City, CA,
U.S.A)) according to the manufacturer’s protocol.

Cytokine mRNA expression in skin

The wranscriptional activity in the lesional skin samples was mea-
sured with a PCR. The amplification of ¢DNA was performed in
50 uL of a master mixture containing 05 pg of cDNA,
200 nmol deoxynucleotide triphosphate, S puL of PCR buffer,
2 U of Taq polymerase (ABI) and 2 pmol of each specific pri-
mer for the DNA of interest. The following primers were used
for PCR reactions (5°-3’), mouse IFN-y: TCAAGTGGCATAGA-
TGTGGAAGAA and TGGCTCTGCAGGATTTTCATG; mouse IL-2:
CCTGAGCAGGATGGAGAATAACA and TCCAGAACATGCCGCA-
GAG; mouse IL-4: CACTGACGGCACAGAGCTATTGATG and
TCATGGTGCAGCTTTCGATGAATC; mouse IL-10: CTCTTACTG-
ACTGGCATGAGGATCAGCAGG and TCTTCACCTGCTCCACTGC-
CTITGCTCTITAT; mouse IL-12: TCCTGCACTGCTGAAGACATC
and TCTCGCCATTATAGATTCAGAGAC; mouse IL-13: AGACCA-
GACTCCCCTGTGCA and TGGGTCCTGTAGATGGCATTG; mouse
B-actin: TGGAATCCTGTGGCATCCATGAAAC and TAAAACG-
CAGCTCAGTAACAGTCCG.”® PCR was performed under the

following conditions: 95 °C for 5 min, followed by 35 or 40
cycles of 95 °C for 30 s, 56 °C (IFN-vy, IL-12) or 60 °C (IL-2,
IL-4, IL-10, IL-13, B-actin) for 30 s, and 72 °C for 1 min were
carried out. After the final cycle, the temperature was main-
tained at 72 °C for 7 min. PCR amplified fragments were clec-
wophoresed through 1:5% agarose gels in tris-acetate EDTA
buffer containing ethidium bromide, and the gels were scanned
under ukraviolet light. The mRNA of B-actin was used as an in-
ternal control. The signal intensity of each reverse transcriptase
(RT)-PCR product was estimated using an ATTO Lane & Spot
Analyzer (ATTO, Shizuoka, Japan).
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Fig 2. The effects of interleukin (IL)-4DM, IL-4, and control plasmid
(pcDNA3.1) on ear swelling induced by repeated application of
oxazolone (OX). (a) Ear thickness was measured before each OX
challenge. Each point represents the mean * SD of seven or eight
mice. *P < 0-05: significantly different from the contol group and
IL-4 (Student’s t-test). (b) Inhibition of the effecter phase of chronic
hypersensitivity by IL-4DM, IL-4, and control plasmid DNA transfer.
The ear swelling was measured 30 min after applying OX. The ear
swelling in the IL-4DM groups was significantly suppressed
compared with those in the IL-4 and control plasmid DNA groups.
*Significant difference from the control by Student's t-test at

P < 0-05.
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Cytokine production from splenocytes

A suspension of 2 X 10" splenocytes were made in a solution
of 200 PL RPMI-1640 medium (Nikken Bio Medical Labora-
tory, Kyoto, Japan) containing 10% fetal bovine serum (FBS;
Biowest, Nuaillé, France), 50 Ul penicillin, 50 pg mL™" strepto-
mycin, and 5 Hg mL™" soluble antimouse CD3 (BD Bio-
science), and 10 pg mL™' antimouse CD28 (BD Bioscience).
Cells were dispensed in triplicate into 96-well flat-bottomed
microplates (Sumitomo Bakelite, Tokyo, Japan). After incuba-
ton for 48 h at 37 °C in a humidified incubator (5% CO,),
culture supernatants were collected and analysed for IFN-y
(Quantikine; R&D Systems, Minneapolis, MN, US.A)) or IL-4
{Quantikine; R&D Systems) production with an ELISA accord-
ing to the manufacturer’s protocol.

Statistical analysis

Statistical analysis was performed wusing Student’s t-test
and Mann—Whitney U-test. Values are expressed as mean *
SEM. A 95% confidence limit was taken as significant

(P < 0:05).

Result

Ear thickness with the treatment of IL-4DM, IL-4,
or control plasmid

In the control group, the ear thickness increased from the
beginning of the challenge, and increased gradually through
the experiments (Fig. 2a). The agonistic IL-4 DNA treatment
augmented increase of the ear thickness after day 16. In con-
trast, IL-4DM DNA treatment significantly suppressed increase
of the ear thickness compared with that of control plasmid or
IL-4DNA-treated mice.

Effects of 11-4DM on the oxazolone-induced acute-phase
ear swelling

The ear swelling was also measured 30 min after OX applica-
tion on day 35, and the difference between before and
30 min after application was calculated. 1L-4DM DNA treat-
ment suppressed the ear swelling significantdy compared with
that of the control DNA-injected group (Fig. 2b). However,
IL-4DNA showed no suppressive effects.

(a)

Control
plasmid

1L-4
Fig 3. (a) Representative photographs and
histological feature of oxazolone (OX)-treated
skin lesion. OX-sensitized ear revealed
hyperkeratosis, acanthosis, and parakeratosis
in control and interleukin (IL)-4-wreated
mice. An increased number of infiltrating 1L-4DM
lymphocytes, macrophages and mast cells was
observed in the skin lesions, all of which

are typical histological findings observed in
patients with atopic dermatitis. In contrast, (b)

acanthosis was clearly suppressed, and skin
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Histological findings and mast cell counts in the
inflamed skin

In control plasmid-treated mice and IL-4 DNA-mreated mice,
severe dermatitis was observed on the earlobe. A drastic
decrease of inflammation was observed in IL-4DM DNA-
weated mice (Fig. 3a). Histological examination on the
OX-challenged ear skin revealed hyperkeratosis, acanthosis and
parakeratosis in both of the control and IL-4-treated mice. An
increased number of infiltrating lymphocytes, macrophages
and mast cells was observed in the skin lesions in control
DNA and IL-4 DNA-treated mice. These findings are compara-
ble with those of AD skin lesions. In contrast, the acanthotic
changes and infiltration of granulocytes, mast cells, and
eosinophils were significantly suppressed in the IL-4DM DNA-
treated mice compared with those of control DNA- or IL-4
DNA-treated mice (Fig. 3b,c). Interestingly, IL-4 DNA
treatment increased eosinophil counts compared with control
DNA treatment.

Plasma IgE and histamine levels

The total plasma IgE level was increased by repeated OX chal-
lenges (Fig. 4a). IL-4 DNA treatment showed no agonistic
effects in the plasma IgE level; however, IL-4DM DNA treat-
ment significantly suppressed the levels of plasma IgE. The
plasma histamine level was also significantly increased in the
control DNA- or IL-4 DNA-treated mice; however, IL-4DM
DNA treatment significantly suppressed the plasma histamine
levels (Fig. 4b).

Cytokine mRNA expression levels

To determine the effects of IL-4DM on cytokine production
in the inflamed skin lesions, mRNA expression of Thi and
Th2 cytokines was analysed. The IFN-y mmRNA expression was
significantly increased in IL-4DM DNA-treated mice ear com-
pared with that of control DNA-treated samples (standardized
by B-actin expression).

However, no remarkable difference in other cytokine
mRNA expression was observed among three different DNA-
treated samples (Fig. 5a,b).

Concentration of IFN-y and IL-4 in splenocyte cell
culture supernatants

To know the effects of IL-4DM DNA therapy in the systemic
immune system, the concentration of IEN-y in splenocyte cell
culture supernatants was measured by ELISA. The IFN-y level
in the IL-4DM-treated samples was significantly higher than
that in the control DNA- or IL-4 DNA-treated samples
(Fig. 6a). We also measured the concentration of IL-4 in
splenocyte cell culture supernatants by ELISA for mouse IL-4.
The IL-4 level in the IL-4DM-treated samples was as high as
the IL-4 DNA-treated samples. These were higher than that of
the control DNA-treated samples (Fig. 6b).
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Fig 4. Plasma IgE and histamine levels. (a) Plasina IgE level was
decreased in interleukin (IL)-4DM treated mice. (b) Inhibidon

of the production of plasma histamine was observed in IL-4DM DNA-
wreated mice. *Significant difference from the IL-4 and control by
Mann-Whitney U-test at P < 0-05.

Discussion

Several previous studies have shown that AD is a chronic
dermatitis with a predominance of Th2 cytokines in the

. . 27-29
lesional skin,*’

and that Th2 cytokines play a critical role
in the pathogenesis of dermatitis.”® IL-4 is one of the Th2
cytokines that affects the function of different cell types
including T cells, B cells, mast cells, monocytes/macrophages,

endothelial cells, fibroblasts, dendritic cells, Langerhans cells
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Fig 5. (2) Reverse-transcriptase polymerase chain reaction analysis of
cytokine mRNA cxpression 6 h after oxazolone (OX)-sensitization.
The ¢DNAs were amplified for respective cycles of six cytokines and
B-actin, subjected to electrophoresis, and visualized with ethidium
bromide. Representative results under optimal conditions are shown.
Although almost all Thi and Th2 cytokine levels were unchanged,
mRNA expression for interferon (IFN)-y was increased in [L-4DM-
wreated mice. {(b) The level of mRNA expression of IEN-y was
expressed as the value relative to that for B-actin. The IEN-y level in
the IL-4DM group is significantly higher than that of control plasmid
groups. *Significant difference from the control by Student’s t-test

at P < 0-0S.

and keratinocytes. Because of this broad-spectrum action, IL-4
is believed to play a crucial role in the pathogenesis of
AD.*%*! In the present study, we employed a contact hyper-
sensitivity model by the repeated application of OX, which
mimics the histological phenotype of AD in humans; this

© 2009 The Authors
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Fig 6. Cytokine production from splenocytes in chronic hypersensitivity
mice, Interferon (IFN)-y and interleukin (IL)-4 production from
splenocytes was measured. (a) Actual IFN-y protein production was
increased in the IL-4DM-treated mice. (b) IL-4 levels did not reach the
significance, but showed a tendency to increase in the IL-4 and IL-4DM
mice. *Significant difference from the control by Mann—Whitney U-test
atP < 0-05.

model also showed increased levels of Th2 cytokines in the
lesional skin as reported by Kitagaki et al.*'

Immunotherapy such as the direct blocking of Th2
responses with neutralizing antibody against Th2 cytokines,
the soluble form of IL-4 receptor (IL-4R), or antagonistic
IL-4 mutant proteins have been used for the treatment of
asthma.®*™** These proteins directly inhibit IL-4 binding
thereby inhibiting host immune responses. A previous study
by Nishikubo et al.”® showed inhibition of immune responses
by using IL-4 mutant protein for at least 50 weeks. However,
results from these experimental animals have shown that the
application of these trials to humans is difficult. Because the
pharmacokinetic half-life of 1L-4 mutant and sIL-4R protein
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