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ABSTRACT

Background: Viral antigens presented on the cell surface in association with MHC class
I molecules are recognized by CD8+ T cells. MHC restricted peptides are important
in eliciting cellular immune responses. As peptide antigens have a weak immunigenicity,
pH-sensitive liposomes were used for peptide delivery to induce effective cytotoxic T
lymphocyte (CTL) responses. In the previous study, as the HBx peptides could induce
specific CTLs 7 vitro, we tested whether the HLA-A2/ K’ transgenic mice that were
immunized by HBx- derived peptides could be protected from a viral Challenge
Methods: HBx-peptides encapsulated by pH-sensitive liposomes were prepared. A2K®
transgenic mice were immunized im. on days one and seven with the indicated
concentratlons of liposome-encapsulated peptldes Three weeks later, mice were infected
with 1x10'pfu/head of recombinant vaccinia virus (rVV)-HBx via ip. administration.
The ovaries were extracted from the mice, and the presence of rVV-HBx in the ovaries
was analyzed using human TK" 143B cels. IFN-ysecretion by these cells was directly
assessed using a peptide-pulsed target cell stimulation assay with either peptide-pulsed
antigen presenting cells (APCs), concanavalin A (2ug/ml), or a vehicle. To generate
peptide-specific CTLs, splenocytes obtained from the immunized mice were stimulated
with 20ug/ml of each peptide and restimulated with peptide- pulsed APC four times.
The cytotoxic activity of the CTLs was assessed by standard °'Cr-release assay and
intracellular IFN-yassay. Results: Immunization of these peptides as a mixture in
pH-sensitive liposomes to transgenic mice induced a good protective effect from a viral
challenge by inducing the peptide-specific CD8+ T cells. Mice immunized with 50pg
/head were much better protected against viral challenge compared to those immunized
with 5pg/head, whetreas the mice immunized with empty liposomes wete not protected
at all. After in vitro CTL culture by peptide stimulation, however, specific cytotoxicity
was much higher in the CTLs from mice immunized with 5pg/head than 50ug/head
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group. Increase of the number of cells that intracellular IFN-ysecreting cell among CD8+

T cells showed similar result.

Conclusion: Mice immunized with XEPs within

pH-sensitive liposome were protected against viral challenge. The protective effect
depended on the amount of antigen used during immunization. XEP-3-specific CTLs
could be induced by pepude stimulation 7z vitro from splenocytes obtained from
immunized mice. The cytotoxic effect of CTLs was measured by ° "Cr-release assay and
the percentage of accumulated intracellular IFN-Y secreting cells after in vitro restim-
ulation was measured by flow cytometric analysis. The result of *'Cr-release cytotoxicity
test was well correlated with that of the flow cytometric analysis. Viral protection was
effective in immunized group of 50ug/head, while in the in vitro restimulation, it
showed more spectific response in 5Spg/head group. (Immune Network 2002;2(1):

41-48)
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Q3jrh(11). Jetel= A 2 AAEE AMllA 417
TlEmg eto| = lipids AFAI7IAY, vt
adjuvantell FUAAA FAG & Z2A & F Aok 4
2 EA Q] adjuvantZ+= liposome, ISCOMs, lipo-peptide,
Quil-A, squaleneftween based oil emulsion, IFA, =2 CFA
Sol eh(12-20). £ Aol A pHoll 17 2| £5
Agsto] Bl2E Wioll U peptide”t AEAZE A
98 T UES °P°ili} pHell q17+et 2l E£Fe] hgi=
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Aere) #2483 23419 HLAS) AR5 3
Aol gk FEAFRAZA HLA transgenic WH-225
Agstar ek o] uf gle] Addsle aldt @2 F91+=
HLA®N A frefjslodof &lw, ul-g-2= CD8+ T cello] 14
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71E9] odtoll A HBx <] FJefo] =(XEP-3, -4, U
-6)Z 33)38t pHoll WIZk3k 2] £Z (pH-some-XEP) & A2K"
transgenic Wh-Z=oll WA} 5 wll, rVV-HBxS] 345
Woleh9lal 7 HIHE XEP Sol 49l CD8+ T AIE
7F 71 Wl S ex vivoollA #Qlgk ul Qlrk(in
press). :RM XEP Eo] CD8+ T A E7} AN Zo] E
o148) A5 AAEA of B dhelab Felgon
Hefol = —5—0]79,?_] CTL] 1_7;01 in vitro W9k Foll &
Ueht=Al ol theli A= &elskA] Fakdct weba 2
ool A= A2K" transgenic W}-$-2oll pH-some-XEPE-
thekelt =2 w3}l rVV-HBx®| challengeol] tigh v}t
oi:é‘_jl/],j}‘ olb;q = _QJ—O]"‘]— T;].v_O_, o] E-]*]— H]—o]ag__q.y]_ ,ﬂl
Elo] =of] o] el CTLoY 23 ZAelA] 7] 9Jsto] F
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AE|HAZS Hulsls CD8+ T AT 2 =439t
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Hetol=. B AFdA s Ay 79 Aol TABl
HBxell A $2lsh Al 7P Aekel =2 A-ashsict. A
o] == MPS (Multiple Peptide System, San Diego, CA)oll
A A, BAE AE ALl a, 7 slefol 2o A
t}-&3} 7te}. XEP-3; HLSLRGLFV, XEP-4; VLHKRTLGL,
XEP-6; CLFKDWEEL. CTL®] #joF-2S 9130 phosphate
buffered saline (PBS)oll & 52| ¢k= XEP-39} XEP-6
Elo| = $41 AAZ w3of] =9 * HEHSFE 1X
PBS7} ¥ 55 19 o™ XEP-4& PBSoll Zulz &effe}
9t} XEP-3 3elo] T 5% acetic acid H| A0 E HA
23ls}$ 3, XEP-6= 0.1% ammonium acetate ¥ of] =
9 T}, EEE | mgmlFE LI pHE 7.0~T4F L&
3 4°C WYAz710A g & ool ALs}AL -70°Cell
Al Hkshr Aol A-g-slgict

HBx Seto]| =5 {3l pHell W13 2lE2F] Al
Z. 3elo]| =& pHoll 717F3t 2] 5o dglsl= A3 o
T& vk F43to] HBx Eto| =& ikl a9k
3}™,  phosphatidyl-B-oleoyl-y-palmitoyl ~ ethanolamine
(POPE, Sigma Chemical Co., St. Louis, MO)Z} cholesterol
hemisuccinate (CHOH, Sigma Chemical Co., St. Louis,
MO)£- chloroformel] 7 : 32] mole B] & Zo]a, 2|l
A A7z i) 10 mg] 2l¥] Eol] slelo] = Eak
o] 1 mg ¥ =5 A&tk HAR Wzl =<l 7+ 5
elo| =& A4 utE o F fEldel W Al 49
t}. f3}leHE extruder (Lipex Biomembranes, Vancouver,
BC, Canada)ell A2+t 5+ Z 2] 0.4ym polycarbonate =}-&
FHAAA FAZ 279 B EES THEAUTE et
E7F d]lE Bl EEFL 4°C of] HaksiAY AV EES $
sto] FA7 =8t

HBxE codingdl+= AZ% vaccinia virus (rVV-HBx)<]
AZ. HBx FAA= pMI601 #E]e] A E late pro-
moter Th&oll U= SalljHindl site® FZJE e} o]
plasmid+ ©FA vaccinia H}o]#] 2~ (Western Reverse )&
1438 AT A7 W) 3 YT skol HBx 7
A5 7HA= A2 vaccinia vhol] &7t Ego] A5
sFgleh. Az vaccinia vhol] 9] A2 ol
7} 7Hed 9 143B AES 5% FBSS} 25g/ml 59| BrdU
7} 35 o-MEM B okeHol|A] wfeksto] z]=23HH vac-
cinia vlolgj 2t FAGES 49l aL, tlZTF O & BrdU
7} Sl wFHol| = FY 3tk vlo]e 7} 7HdH 143B Al
ZZ uljokstdc). ulek 29 Fol| viral plaques X-gal 3
Aslo] SRS w] = viral plaqueRts AHslich A
% viral plaqueE ThA] 143B A Lol ZrAA7|= B &
53] o]4 ubE3ste] BrdU7} gl wid oA e o o4
X-galoll A=A 2= oFAY vaccinia wkole] &7} L
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THEQlt) o] FAALE EL4 AlEol YA E]]slo] HLA-
A2 1AL 7HAE a3 2 F915 Aoz wilst
© A& #9l3k t}S(data not shown), Balb/C2} C57BL/6
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land, NY), 25 mM HEPESE 4o Agslich 159 7t
Ao g 33]oll AXA ALE AASsHHA Fele] 2ol
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Zol] *'Cr-release assay W22 AX Aell5S 2els)
Art.
AE Al AA. dGsA] ¢ 5F vk vA
AEZE Con. AR o| &3¢ BAIAA AXE =27 & &=
7HAIZ] ok ficolloll ¢lo] AAlEelste] Aobol= Al
uhS Fakeich XEP-3 SiElo| 2ol 2417k F9t A7
£ Slgodium chromate® FA3FAL o] & THAEE A
L3kt FAAEE 1x10%100 ul® 96-well plate] 7+
wellell Ygic} 2+ flelo| =2 $59 CTLS FHAER
sto] thedsl FEE 4o F F 447 54t 37°CellA] vt
SAZh HzT S 2 HBel8 eto] Eoll A7 v%
A5 34 AZE A3t dhgo] 2yt A
wellnpo} 100l 7Ao]jo] y-counter (Cobra II, Packard
Instrument, Meriden, CT)Z HIA 52 ZA 1) A|E
Al o2 v Ao & AlAE] 9t} Percentage specific
lysis=100% (experimental

release-spontaneous  release)/

(maximum release-spontaneous release).

Zhul QeS| EE EH|3l= CD8+ AIE 9 3. i
&H AEe 5ToE o] AlY Fo® A 7EA] XEP
sie}ol =2 Helshit b Tl FO.2E Con A Qug/m)
A2, ¢4 iz Fort of el oA esh
Mepol = A3 EF vpse] lAAZA 7 Hekol
EE 2=EA7 APCE wiE FaAE} 112 4
Fa1, o] uwl] kol GolgiStop (PharMingen, San
Diego, CA)& 7 ol 6A17F &t wiFslaiet. 2=+
A|ZE+= FITC (fluorescen isothiocyanate)7} EA] = CD§ &
A2 AEEH L] CDSEAFE A8 vh5 CytoFix/Cytoperm
(PgarMingen)¥} Perm/Wash (PharMingen) W] 2 3173}
I AEet F3H5 slgiek. PEVF BAF v} ¢l E
FAZ ddslo] FAE TAVIE A8 A=
CD8+ A FollA] 7wl A &S Evlete Al
5 SAs] WEeE YelHACH

50 pg/head

5 pg/head
0.5 ug/head
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Figure 1. Three weeks after immunization with XEPs-liposome
or empty liposome as control, mice were challenged with 1x10’
pfu/head of tVV-HBx ip.. The ovaries were harvested and the
viral titer was measured using TK' 143B cells. The mean viral
titrteXS.E. value of three or four mice in each group is shown.
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HH  transgenic VHF-2oA 1VV-HBx Hlo|E| A9
wlo], XEP #efo] =2 %] A2K" transgenic W}-$-2=oll
HLA-A2.1¢] A|3H4<¢] HBx -f#¢] Seto] =& 3HSlst
pHoll 11748 gl £E 0 & md}al tVV-HBxE challenge
shols wl, waoll A AEE & nlolE] 29 Hrbe WY
g g Felo] =9] FEof EHQ Ao E eyttt
(Fig. 1). o} HX & 3}A] 2> A2K" transgenic mouse
= Hlol#g & 9717t 102 ~10" pfumlel] o]2+ Hog
UeRd v, 50pg/head 2 A H whg-22oll A& wlolH
27} A AEEHA AU 107~ 10° pfu/mld] Ao 2 3
A=t Sugheadst 0.5pg/head2 AR nf--2oll A
© & Aol & HolA] gkokom, setol & glo] BlEFHak
Wzt FHEobE vk g2 UHE Bk el |
A3t Tl A = obE W5 kA 52 Toll vl wlol
A2 7tk GA| UEbske o|9f 22 wlo] s Wold
e Agdo Aot FAskAH

AE Adls v, 72 W7o L2 RE 912 v
AALE XEP3, 4, W 622 AT FHA 4577k vl
ek AlE Allse Hokeh XEP-3& ASH FAA
29 Ax Al es W3t setol=o FEHE vl
3l Hoks wi(Fig. 2), Sug/head® WA 3F vh-g-2= H]AA]
Z7} Sqeto] & SolHQl A|E Aaflso] 2 A U

T Ysieh 5718 AL S0ughead 2 3 vh-2ao
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Figure 2. The cytotoxic activity of the CTLs was assessed by
standard *'Cr-release methods on the fifth day after restimulation.
Syngeneic splenocytes wete stimulated with Con.A (2pg/ml) for
2 days and harvested by centrifugation over ficoll cushion.
Splenocytes were labeled with *'Cr, and incubated with six fold
of effector cells. Supernatants were collected and the radioactivity
counted using a Yy-counter (Cobra II, Packard Instrument,
Meriden, CT). Specific lysis was calculated as follows: percentage
specific lysis=100X (experimental release-spontancous release)/
(maximum release-spontaneous release).
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Figure 3. Three weeks after immunization with XEPs-liposome,
or empty liposome as control, mice were challenged with 1x10’
pfu/head of tVV-HBx i.p.. Five days after challenge, the spleens
were harvested and restimulated with either the appropriate
peptide (20ug/ml) on APCs, Con. A (2lg/ml, positive control),
or vehicle (negative control) for Shrs in media supplemented with
GolgiStop. Cells were stained with FITC-conjugated anti-CD8
(PharMingen), washed, fixed, and permeabilized with Perm
Wash/Fix (PharMingen) and further stained with PE-conjugated
anti IFN-y.

A 233 dZ AE Adles B Holvh XEP-49}
XEP-62 A=61Kl 7ol 43 Fo2 A5
dE Etal vig BT AESY] HFER
s glon, B4} o FA% AE A
A|ZE FHebA] xoto] AZAEAIY
3

g vheE HAAE T v e ES 2
€ CD8+ AZ 9 F7b. XEP3Z ZHAAIA wofdt
AEE et B2 M2 55 HAAER A=
F CD8+ A|E FollA 2w} AEHE2 EHlshe Al
TE FAIE 2472 SAeSIthFg. 3). 4 TEHE
w5l vh-29 H|AA = XEP-3 EFO| 2R in vitro
oA A=ts wlf ghvl QIEjslE2E EHlehe CD8+Al
X 7)Aol 7k sk Sug/head 2 % wh9-22ollA] oF
A 2T R A3 Con. AZSI HlaLsto] et
x| Zat B E EHIAETE 7kl Sugihead
2 e vk 2E A9 ol WY FTolAE 7o
kg ghul QIS E EH] CD8+ AlES] FUHE HolA]
3.

AE Adls AASH QB2 vt ERAE AAY
HIZ. AE Aells ek g QEsZ2S sk
CD8+ A|E o] AU 4AdAVE T A=
EFSkTh(Fig. 4). XEP-3 SJeto] B2 w1 wk-p-2oflA] 2}
Y THE FEAZ digt AE Aele3 CD8+ Al
E T 2wt JEAE LA Ee] S ulae] Kok
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Figure 4. Stimulated with syngeneic APC cells were stained with
FITC-conjugated anti-CD8 and PE-conjugated anti-IFN-y.
Results are presented as the percentage of positive cells among
CD8" cells. The cytotoxic activity of the CTLs was assessed on
XEP-3 pulsed-syngencic target cells by standard °'Cr-release
methods.
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$-g]= Al oA HBxY CTL ol|¥] %2 & XEP-3,
-4, % 65 A3t v} 9} o] F Feto] =7t 7Hd gkt
Tz Nl A EE FolHel CTLS & x9S it
ot} XEP Selo] =7} 3+qi%l pHoll wIzHst 2lE£F 0
2 A2K" transgenic W}$-2~oll " ¢S wl] rVV-HBx2] &
Ag A wolslglon o] uff ol QIEH &5 EHldle
CD8+ A 7} goldrtes 2 &g v rkin
press). LU} o|#] 8 A EG9] F7h= ex vivo ElfollA]
I8k Azto| 3, in vitro WF ¥ Fo]HQl AE Als
= WA Faleich ey o] & AlEE] AlX AdllsE
714 Aolegkar F&33ic)

w7, AT Aol vpRrtA £ Al 71A] sjefol =
(XEP-3, -4, 18]3L 6)F 4]0l A 2| EFol 38 XEP-
liposomee W3l wll, 3557} 7 sbw rVV-HBx<]
TAE HAFEo JEHOE o3 F USS ¢ F
et A Ao el v A 2 o] 8t W] Z3tv}
2 XEP-49} XEP-60ll vt zhnt AE{#l| 25 LHlshes
CD8+ A|EZ 9 F7tol] 7IR1dthE s ex vivoollA]
lsisiet. 2oy 2 Aol A= 45 o4 in viro Wi
&= &3lo] Feto]Sof] So]ZQl CTLS wiokst 23},
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XEP-48} XEP-6°ll 3t AlZ Aalls 3 v} QIEl#E
HH AE g FAEA AT Al XEP-30)] i3k
AIHE vl ekl 2 o] R olutk sjebel = A
° 2 CTLS frishs Wl drka A7) 2 A
A= 15 A2 F 43]o)] 24 20pg/mlo] Sefe]
Eofl 234171 APCE AF3IR L viFe 23k Aol =
TR Seto| =5 7R TFelgict. o] ¢h e ]
sepo] = 2432 XEP-49} XEP-63} 7H-2- slelo| =5 A
£ A5 UF A ASoldrk stEet geto] =
2 ASH 3 FAANEEL 2 2717 FA vl A
SA3kE T AE] kg ddon, U el ZF A
Hala AR dolole T A E7} thA] Z4ele AL 3
Zalodeh. Al AE o & HLA-A2.10] tigh ZA3re

°F& XEP-3 HlEto| == o] HEo] A=l tiel] A

ot o

AR T AT ZYehE S WEigln, 2 A%
Efol= Eol Ml CTLE F=4F Zoleta 42eet.

Of

HLA-A2.1 £2¢} siefo]l = 74e] Al AdtsH
o] xpo|= A Foll A 2Qlst wlr} Qlr}. XEP-3 e}
o] =& XEP-49} XEP-6°1| H]&l| HLA-A2.19)| thslo] 22
73t W71 S 7FA| ¥ (http://bimas.dert.nih.gov/molbiofin-
dex.html) ©]= HLA-A2.1%8-2}9}e] 233} CTL =
542 "hdsl i chin press). WAl slebo] 2ol i3t 5
o|FQl CTLe Fxslaa & ul|, sieto| =9 &2 313t
A AAL sl AAFEe] ApFo] Folxfof gt
%, XEP-3H <t} AulF o g Z3te o] 733 XEP-49} XEP-
6°ll 3t CTLS in virodll A woFal izl & wlf, B4 o
< AEE AFE ook & Aol

XEP-39] Z-=oll 9lo] Al 50pg/head 2 WA E wb-g-2~
+ Sug/headE W E vpg2H ol A U2 A E A
7 Zal QJEHE Br] AE v &S Bk o)A wgt
2 olfE AWE g grka HejXlth &, XEP-3%
50ug/head 2 M A=W FHE3] A58 etol= Fo|F
ol CTLe| §-59 < Y o]83g CTLE 73t in vitro
Aol At FofshA] A shEo] AEAES )
sle Ao HolFl}. Aeod ol A XEP-49} XEP-6°1
sk Zhal QIEIHIE 4] AlE G5 Sughead® WA H
u-5-2=9} 50pg/head = W1 vh9-2of| 2] HIZSHA
A E) A9k XEP-3Z WA npg-2oA & FE oEH
2 AE 71 SRl o] A2 Aol XEP-39] W
ol 9lo14 XEP-49} XEP-69] Sug/head 2 w13t 23} H]
=3 W g9E e S0ug/head®] W o] oS
AR 3k vk YAek(in press).

2 dFellA & sleto] 2ol i3k FHA| 2] o2 <l
e AlZAs A vl JEHAIES EHlse
CD8+ A|E9] F7tE ZAs Ik 7 7HA W 4
olE AZ ddo] YhFe & T UArh o|v] CD8+ T
AE 32 NK AlZA JEHE Zhule] En]7} Al ZA

et A Aol Qg2 ofg] dFellA HaE et
(29). DNA minigenes ™13k vj-$-220i| 4 CD8+ T A%
< QIEFE ZvkE Eulshe AlE 555 ELISA WH 2
2 AR oA, eto| =7t ZHAE dendritic cell& Y
3k Foll 55 CTLY| "G, CDs6+ A E2] AE 4
dlsat Zut el A E Enl o] oAl B3k
T 5ol A 'Crreleaseol] 28t A|EAeS 7AA9} 7}
AeAE ZHE Fske e DA Ans o
Aes HoForh B AFoAE F 7hA] Wies
CTLS| Whe& &% 23}, SugheadZ HAH whg-2
ol 4] XEP-3 fJeto] = So]4 Q] CD8+ T A|E7F & 5
ge By

ol el AE5 aokstH vha3t ek A, XEP )
Elo] =5 pHoll WI7Het 8] E£Fol A4 A2K" transgenic
npg-2=of] WodslH, W 35 Foll rVV-HBx9| 4%
old 5= 9lar o] = w3k g1 9 ofol] SEHow F
7beti e, A, XEP-3, -4, 9l 6 HEto] =F o] &3}
in vitrool| Al FEAEE A58 o], 20ug/head®] FHE}o]
E7F AE APCE 43] AE ASshe A2 XEP-49F
XEP-60l| Hh-g-8h= CTLE A543 o2 g 5 glor,
A L2 HLA-A2. 1A o]l thdt gk o] oF3k XEP-3
sEefo] Eof] HI-EalE CTLS S 53170l e FAslcha
ekl A, XEP-3 SJefo] Sof] Hhgshi= CTLY &

s AIZ Aells AAe 2l QAHHAE TR Al E5
ZAo7 HoS uf Spghead® M3 np-$-2ollA] 7}
7 73 W2 Bolvh Ui, sfebo] Eof] wh-33l= CTL
o] A5 vashs 7 7EA AW AR ddte] e
Ao Z Holleh ZF sleto| = 25l thste] Zhul <l

AES Lol CDs+ AT ZAHE AL
Blol= EolZjel A|E Adlso] Zekt ojuloldt.
doz FU thekdt v WAL S W, in viro
ekl = 432 B3ho] FolHe) CTLo| 5,
8] bl QIS BHl AL ST} 2l skl
b ek, el 7 ekl 29| Eelser 4
2slo] ZA2k in vivo, in vitro CTLFE Z71& ¥
ofof & Zlo|r}. rE3F 50pg/head ® T A 3F whg-2=of]
o]4Ql CTL W33 Za} Qs & EH|7F 32 o]
A CIL $57h o a4, %2, 23 AFez
5% A EAE (activated induced cell death) w21 A&
AiH oz FHstolof & Aol a2a B AgdelA
AHERE I 7EA Al ol AR RAIE Kol Zlo] vhe
Aol AR Alg &lE ZAAA v A7 dad A
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