Bl ZrRUBBRHN AREEH LB E DR ROHS

40 600 3

L

0 » 500

E 30 o

400 8

Q 25 T

S 300 g

215 o

2 200 ¥

810 B

100 2

: g5

0 o o B
8855553383838 88533
568<438923838<353<23

BY771%, 3 y ATLOREE (£ Y #) 2RLTVS. FhisS 71z, GPOVIF 14
REBE L BED BB R LTOA.



EAGBREFREBYE (=4 XEFHERE)
TRk 16 BESHEIRREE

Wi
SEBREE . Bl %

HIV-1 37 %A 7 B BT 70— OB & F Ok oiRf
(B BB S =4 % o 7 — « T

MEES

HET7V7RICHRIZBITAREBEOLFITHROVESDTHI Y 744 7B OFEES
Fru—r, 95MMBI06, 22 ZHr Lir, TO AT, b EOSEEBRRIEE CXCR4 & CCRS
OEFEraLer#Z—L L TERLE, £/ PHA BB L7 PBMC ®° MAGICS Tk < iR
L. PARRCEATHRBROREL LTHFATH A, L L, DBERSHEEST 2%+ 72
THRES/ 27 7~V THREEZRBO R o, T MREEKBREIAALZRTH D
NLA32, =7 a7 7 — VA 7A LA THD ADS b OMMBEEZAWEET»L, b0
SEEREOZNLOMEDEDR, vpr BT E nefs MOBICEENSH S Z L BRHL I
eote, TOHEBAMRBLILILICLY, VsFLrEFAL LTHRARIVEVWE A
FOoUANAEBBRILENRTELLEEL BN,

A. WEEM

INETOAANRERRICAVON TE R HIV-1
BEMESF 7o —rDIELAYBY 247 B (B
KEYTEZA T B) Thole, Taxld, KETVT
EEICEIT D HIV-1 TR T2 B (7
PTRY T Z 47 BY, C, CRFOI_AE & #DiE#]F
ThHHZLEFRELCEE, FEERFE LB TYH
P47 B LEOBBERKITOMLTHE,
E7fESE, PEARSORMEICRT S TZA7
B OFfTasEshic, ¥ 78471 B oRBSR
T v — Y ORSIIE, 7 F 4 TRABREOH
REESHE 7 V7B THITLTWS HIV-1
DY A N AFEFRL, ZOHRICRT 3Fk0D
TFURFELLESTHERTHY, SE, Ivr~=—
KEWTHELEY T 247 B 5Bk &Yt
BT u— O EBR R,

B. Bfm#

SBEER B106 X, ¥ w—DEEHv L F LT
BT 1995 iz IV 2 L B3RBPENDINE L
2MA5 PBMC SEERBIT L D HEEL =,

7 AERDIu—EEDI2D, Bk B106
Y PBMC 230 DNA ZPhi. BEL, higss
LT, /450D 5 LTR b pbs £TOH 800 bp
Ei@ph#%?Lﬁi?@%gwmm%PW$

Ko THIE#., 2LTR form D4 7 AN L Y EFIC
Zu—-=27TEDHLIBER L pBRI2Z R—AD
TA 7 a—=wF~if 5 — pBRTAZ [T/ 2—=
L, RS LY, Y7247 THSZ
CERRER LT, pbs @ Narl ¥4 FEAVWT RS
D7 Z7A P ERHEESE, VI AREREETLT
FAI REEHELE, SHREL DI ERY

Y-z 45k, Narl 75 nef IZHFET D
Xhol ¥ FE COEME, Hiiclc PR THIEL
DNA LBEBRIEYT / LAREEROI0— v EBEIE
B,

BEEOA 7 V== 7, Bohi7Z7AINR
FhEFh Hela HBEIZ transfect L, A VA
DELEZHRRLLE. HH1 0 PHA THEL -
PBMC 1T/ & ¥, RIBMEEMFT 5 HFIETIT- 15,
coreceptor usage I4, CD4 & CXCR4 F£7-i% CCR5 %
RE S NP2 MBICBT 2V v F U LR E
DANAEEEREL LTHRE L, THEKE~D
RRgEIT, MT2, MB166, HO, Molt4, CEMx174, PMI,
Jarkat HERACRRF LT,
tEomEhE, FRMmeEsk CDL4 Bl % M-CSF T
1EMBE L ZLOTITo R,

c.ﬁ%%%
4. gag pl7 BRI env C2/V3 SEIRD R

v RT =~ DR



WTH7H#47 B LREINTWE BI06 @ pbs
7 3 LTR ¥ TOH 9000 bp D 1v—1 B106.3
DL EEF| 2 PE U TREMT 21TV, B106.3 A
BT EAT B THHILEERELE (W1),
Ty u—yOREREAOI—TF 4 SRR T
RCHERTEREDT, 5 LR 2RESECH /A
SROI D=L R ER USRI R SRR LI L T 5,
PRUC ~O I LTV iR o 7ol
transfection {2 & ¥ T E T Lo @gutEsr
Fru—riEERO VA NAPEELEISNIZOT,
LTR 2% active ThBLEXT, ZOLRDOY n—
@ gag b nef T TOMLAE, Hci PR T
IR L7z DNA S B &S| m—2ERL, X
7)) —= v PRI, TORSE PBMC ICERLY
AN AREBEET DRERMES 70— 95MM-
B106.22 %157 (B2),

oA AR, BRMERRTIAVeRD
MAGICS ARRETHIBFEL . (K 3), NP2 Mifa%{Eo
T:@&E~V®cwm@ﬁrﬂ%%%ﬁ%ﬁ
B106 & HLBMEFILE =B, ZOVu—ViE, &
HERRE1EE CXCR4, CCRE OWTFh 2RI+ 2HMT
LAEREEAEV R LEEREL, wWhY5
X4/R5 virus TH BT LBmhots (R4), L
Lzdsh, OBEtRA X < HBRET 5 Tk~ o
Ty — VIR Lol

T #Rbatk ~ D RBYE O R ORE & 72 5588 & [F
T Bholc, THREKCEWRREL RS TH
A7 B BESF s u—2 NA432 LOF AT IR
— &R LT M8166 Mfa~DmERtkEHRA L
=3 (5). NL432 Hi® LTR & B106.22 H
¥D pbs 35 nef 5 B\XEFFOI—
(NL/B106) }X, B106.22 [FI#f TAERERIC IR %
Fefe fphro T3, T B106. 22 M3k LIR & NL432
H3EO pbs b nef b fHEMEFF DI 21—
(BLO6/NL) 1%, NL432 & [EMKRD kinetics T i
F U DR AE R G X R L, NL432 Bk

DERE vpr BE D nefs FHIFIC L, foOEE

X B106.22 FARMDZ n—1 (B106/Nlenv) Th.
NLA432 &[R4 kinetics CRHERMLAEDOT, T
HRRAEE ~D G IZ B LT, B106.22 @ Z OFAMRIZ
RMGDEEREH B Z EBbhol,
EFhvsa7y—U~ORRMEORBOFRERLE 2
BEBERET SO, w77 7 —VILEWE
Pt R T4 4 7 B BRESTF 7 72— ADS
roXAT/u—vEERNL (v su Ty —U~0
Rt mE L (R 6), B106. 22 3 KU NL432 @
vpr WD nefs' & AD8 FEHELA I m—
(B106/AD8env . NL/ADSenv) X, AD8 & bk =T
kinetics IIBWVWH OO, w7/ u 77—V THERT
BIEMTER, ZORRNLL, A8 O Ty
—UTOBBECR IS ERET 2 ERD Z ORI
HZBEFET AN, PR ELTOEBREERTD
ZEC, wou7 VOB EMFESTLIL
MTEBZENbIoR,,

D. B8

MeAE#R4E L7 CRFO8_BC MBMENF I/ u—r®
A LREMRIZ, LTR A active g7 u—1 & ~A—2X
22200 LTR KENEgz /7 a—= 7 LA
Y=y VT BHEER-TZ LT, BRELLFE
Plb Py o— U BHT S LRI LI
AR ST L7z 7 u— i3 PBMC, MAGICS #ART X
< WRET B DT, BRR S BERR O FEHIM L RB 0
KRR LT A A AERERER D7D OBFRICH
BThd, —FH, SHESIBETD T Mtk
w7 - VIR R R S 2o o NLA32
R AD8 L DR Z IR E AWV RREROER, vpr
BEMD nefs T COEMCKMSEH Y, = Z&H
L\ PCR L B]THZLT, KVEWEEH
EROZ/u— BB TESTHRESHHZLEH
HMZTELDT, SHBIOFEREF L RELL
TS A BB LI BARY Y =T
L. DHERR & RROEWVEEERE RS2 o — O



YEHET.
EBILSHE, HEIZBITDE ) — > OERREAT

¥ T&h% CRFOT_BC IZ2WWTh, HHRRBRMES T

7 u—rOREREY.

E. %

SEMSL LY T 24T B ORRESF I/ o—
v B106.22 }X, PBMC % MAGICS RV 7 ¥ A
THRRE R T AN AERBEORITIZAVH I &1
HEEER, 5% vor BFN L nef5 HOEKEK
ETHLicky, KoEERORVBREMESTF 2
n—-VBREbRDAREERHBZ LERVWELE,
ST bR, BROT S FUBEES. SHIV &L
7o HIV-1 BRETFADOHELILE > TEERMAT
BT,
F. Rk

2L,
G. BFRER
1. FWICHER
Molecular epidemiology of HIV: tracking AIDS
pandemic,
Takebe, Y., Kusagawa, S., Motomura, K.
Pediatr. Int. (2004) 46(2) :236-44.
DNA vaccine—encapsulated virus-like particles
derived from an orally transmissible virus
stimulate mucosal and systemic immune responses
by oral administration.
Takamura, S., Niikura, M.,

Li, T. C., Takeda,

N., Kusagawa, S., Takebe, Y., Miyamura, T.,
Yasutomi, Y.

Gene Ther 2004 Apr;11(7) :628-35.

2. FoRx

BRI, BENE .. 7T BT AHRAKLI VAL
AFVEH R TO HIV-1 RRBEOBMEERIH & T D4
WEHNER. B 2EEERVA N AZLENEIR
£ 2004%1158

E B B ¥ . Wadchara

Pumpradit ., Nuanjun

Wichukchinda . Pathom
Sawanpanyalert, EJIE, BE#, BESF, HTE
B, BRI, A, fEBERTE : HIV-1 CRFO1_AE RS
G4 L ABE N2 B O RKERERE, %1 8E
AT A ZZEERRIMS, 2004F 121
H. H8HHEREOHE - B

ML,

Panita Pathipvanich .



PBMC

' L35 l B
S0
j 3]
IFI e —— NI432
Ic 30067 —@— B10622
jr
I J 20.‘_)0- [PRPEPY - SRS
la
ICRFUI_AE [TE D SRR XPSSOSURNOUPONPTOUR:. W
lA ir r T T r
I 4 7 §1)
1 Bl06 7 a— DRGSR days post infection

X2 BI106.22 @ PBMC =i} 2145

MAGICS
5000
—e— BH®.22
NLAZ2 NPCDAAKCORD NPMCD4'CCRS
e e 1si0r
25004 Py PSS UU AN WS T BIORTL
A sty Ml
L] / 'y ol b
! ),i"I . N
SR .
@ e y, v ./: i o ™
i 3 5 A S S S S S
e i cays
3 BI06.22 @ MAGICS BRI 33iF BI4FH K4 BI106.22 ¢ NP2 FRRRITIS!T 5 HYFE
3000
15 - el BIG2VADS
NIATE ~—h— NLASTADS
10006 NLAS2BII622 —l— ADS
swsz2neas2 | | /0 T W NLAS2
Bi(?ﬁ,22:‘\'l.432em’ N]m- ------------------------------ sercmevnmsrumunryred
5000
0 T : ? *--?
i 1 4 7 190
days p.i. dags p.
BF5 B106.22 & NL432 DX A Z o4 AV AED MBIGE 6 Bl106.22 & ADS OF AT A NADTI O
BRI B e 7 —JiC BT R



FERBHZRRRABBSE (T4 XHEMRBE)
¥R 6 FESEMAREE

HRBFE: S48 HV-1 57 U7 CRFO1_AE OFEERMEERICET 59 FELEEN
BIFEENERVEL FAD AN RIBRABIRROMRORS
SEMRE  #F 10 (BIBRMERRAISIHARE S — - TEARE)

AREE

$ald. YAICEEESHD CRFO1_AE OBRAORENDLF (NH1 (RE) —
NH2 (B#) —NH3 (F#)] @55 HAART PICEAMMEOIKBEEIRLE NH3
Y. BHLUSHERUEERYANRENELE. COSAMER. SEEBRED
T4 rH—EgIEE ok 11 FI/BHOLBBEALR (69Ins) ko> T3l
SENTVBIEMBESMEE ST, NH3 L URBHICERUREGER VS
EEMEEROS FRILHBRD S, COBESHMERERL 69ns 2887
4 H—SEEOERE (M4A1L, 69Ins, T69I) &/3—AROTRE (L210W,
T215Y) MOBEFEBRIICE> TEENAAESESHZ, SESHREORR
RMEFALTI ¢ Y H— R ER— ABBOMTHBANECE TR EER
TEAILICEAL, BRAIANNADBEBRRIERTILICE>T. SO
BICELAXROMBEERICT Yy I3 £8IELTNS, COENHDED,
L210W, T215Y #3%>7- CRFOT_AE B O—2 D7 4 v H—&NX— LS
MD# 400 X LFF ROFERICHEETS 20 BOHEERY S M. ZhEh
TI/BRNEEALVEDCEREBALLEERY AR IOV EHEKEL.
FORBAUEENDE, COTMIRE, MAIL, 69Ins, T6II %357 CRFOT_AE
BN/ O—CORBRICL > TESNABBIIAINAOARBIROE S5/
UTBH. W DOPDORBREITo /=,

A TFSEERY

HIV-1 2, SRR K-> CREMICSET
RBARAFTE A 70IENCY T I A A0S
THELELEDRABVALVARELETD, 29
LBz v L AORITE, ko7 ¥4
TEEBICEEEET CWBE (circulating
recombinant form: CRF) bR 2d-> T3, #
WHRE7 VT ERT U THBETIRII L

CRF BEZEMICEERE Lo TED, HV ¥
J A BIBE CHB X ZE D THRmIcEE R
EFEF-oTW3, BiF, KL I ¥ v —Rof
EEEECHBRA Y - ORELERLEF
2 HIV-1 R Ll R L, =5 L
ZBMIT, HIV-1 OB H 5 EET Ciid ik
DPOFEETELDZLERLTNS, “hdd
TANADS ) AEEICIE, AL OBRIIEX



VELDHA PeEBARHDLICRAS,
AL, HIV-1 OB OEE 55/ b Lo
BEBEEFEMICHATL. VAR5 ) AOMEKR
AOWEBENAZ LEENE TS,

B. #FEFE
MBAZOME L FAELEBEHICMNDHIC
B, F//ARICHBEBEIAEZ - LEFRT
—A—EBEFEBELLERNHD, /2. BFIL
NV TOEFTEBESICTHLDCITEBZ 28
BT 57/ AEBIIEVIEIRRBRW, 1EO
AR CRTTREL2ER CEXNEE D
HERIT, FEETENZEBFRENE, TOT:
O, RECECTHEBAEZE LEVANVAD
HERRIZEBINRTELIRBVEREND, AR
Tt BE¥OREECHBEBEBRINEREINT
D AMETREAES (RT fiR) cEAL, ~—
A —BEFE U THIREBEROW 1 MCFER
BMERLZEATS, I5I, RT OHEVA A
HEERZOELELEEIEHA L T, 400bp 5D
IR X D E U DR D 0 A AR
REOTELL52%E2METS? ®1), 250
7oA HIV1 2RWT, SEXEREHTT
O Z DG — L B BET B,
ERICHAT A NVRE, EFESICE-T
ERL S 7= CRFO1_AE DR $udk 7 o —
(93JP-NH1 ) #HE LI b D2 BV, Fx
. ZoZo—V ERRRO YA L AFRIZE Y
LAY A N AKIREEZ TR SE (NH3) o
MR EOREEZ T, 0 RT AROEREE
EEH L EKAGEOTEA CEE L, AL
BEORBHDEE Y A VAT, EEL
Lo THEINFEEH Y OK E RBEALES &
B ERER (M41L, DETN, K70R, L210W,
T215Y) I2& o T, EEO® NRTI 23 L TEV -
HEBRL TV, 2EESCHTIEmES

RETBHEHITHH, TREOEEOTATHE
AL NENRHDH, FHAETIE, KTOR Ou@#FHicfir
B4 57, MAIL, KT0R LIBAEF DR %2>
A NARRE, L210W, T215Y OHEF v A
AMEEE L, WFE2HEED NRTI TEET THE
pEdghil, ThooRRERDK L £ 400bp
ORICHBIPEL D5, FEFEHKOASER
ERBECLEBEOR, RERVRITSH, AR
ALFRRERERERENT DI, T

B ANABKH T, KTIOR @ 30bp TH &
L210W @ 7bp EHUCHFIET S Sacl OHIETHRAL
PRIFBER T RECKE LR, SBIC,
L210W, T215Y % #&->2 u—> %Iz, 400bp D
AL LFAEER CORELEER 17 &
BT O RBE RO LT R THELETA
AEER LT, ZhbDUANVAERWAKR
I RMERETOLDO, BBEEGEOER - A
7)== SR OFE ARSI LT B,

C. R
NH3 OB RBRAEOEEE TR (K2)

. SRIBEAITHE 7 A A R OHBLAENZ, BE&M

OEEREHFEH>—EOT A VARFEEL T
el EETFBRLTVND, iz, ARSI (Ins69)

& MAILTBO 2o AR & L210W, T215Y
EROVANAVROTRYS PBMC 2% OEER
EROLENTEDL, 25 LvANARKE
B2 LicksT, ZHMEERERREAE
L 7= ATEEtE RS E -,

BEYeE NH3 oM+ s L PBMC L9 HH
Shi- RT BB EEFN %Iz, NH3 IZHETE
LEETHEE RO A A HEEFo 98O 93JP-
NH1 ZRHEZERLEZ, ThALOYALNVAD
NRTE {3t 3 B ifE % MAGICS ~d s %
WTRRA AR, AEAERIIEM T AZT & 3TC
~OREERCHEEHE L, FABTREIX



BEREROFHETE VAL RAZBOTHtEEE
FEREEBZZENbhok (F 1), MEOE
£ (M41L, D67N, #ARFI, Te9l) %2Fov A
NRE, BEOER (L210W, T215Y) 2#F->Y
ARG, RS AZT IZRBFAROKN 6 1%,
3TC 1X 3~4 &, ddl 138 3 BofEE xR Lk,
Ee, 4L BATR - 69 - 210W - 215Y D5
DOEREFOEAIZIL, AZT, 3TC ~DEH T
BEWRES R 2, R d4T, ddl, ddC ~o
THEREE AL Z EMbhot,

210W - 215Y @ 220 NRTI MEER &
7 oI, BAERBA (79) & 210W
DECHD 17 BEFOFIRREE SRV E 9= T
KIgEEEER7 o—r (NHI-WYDRS) *1{&
L7 (B3), BERZ v— i3, 93JPNH1 &
FERORGME L AT E - Tk (K4
~T7)e EHIZ, ZOHIBEREMMAALRELS
— &, M41L, DB7N, #EAERS, Teol % F-oik
etk 7 o— » (NH1-LI) % HelLa # 22 co-
transfection L. NH1-WYDRS ./NH1-U /B& &
ZERL L7z, RT-PCR & HIfREERMEITIZ L - T,
Z O¥ERIZIZ NH1-WYDRS & NH1-LI @4 A
MBIE 46 THEENTWAHZ LBREHRTER
(1 8).

HMBZ TANRAYT ) A& KBIZESEHEFT S
7= ¥, 96well-microtiter plate #H v /i=#fd - L
ENLO RT RO RT-PCR~Z7 n—= 7~
EEFIREOEIRE RS L, = OBERT, &
¥D RT-PCR # AW/ n—=1 7 FikE, RT-
PCR DEFIERO ERMMEMEVNC & & ABHR
MBI BELDR LD, EREROHENE
I ESCOLRNWI ENEONER-7 (E8),
R ORI, E8EMEOEV PCR RELFB+
HLETHETHIZEBbhot, BEZHEL
TH. DNA #5707 L— b & LEERTHER
an (B9) b, PCR MEHIZATT

WBZ ENRbholk, ZTOMBIOEFIT. 8
SRV HIEE L7 B R O BRI A TEL T
EULDHKLERHL, MEREOEGLRAL
2l ZAH N0 FHEDRISETD Z & TERBTE
B libhot (F10),

NH1-WYDRS,/NH1-Ul JE&#% MT2 #fiz
BRI T3IHMBEOERETRO YA VA
WT, BAIEZME L RT EROEGTFREEF
LA, 25uM O AZT FETCTHBZ VA NVA
DR TERL (®11),

1. D &%

MM REEROBHRL THITEDOTAALR
DIEETHEL, AZT, 3TC, ddl THAR LV BN
MEZRLTHWER., TS TOEEBRES-T
T AN R AR D L OTRERE B 2,
e, TRCOERENREL ST A VAL, d4T
® ddC IR LTHMEERT, LEd-T, 8
O NRTI ORELZEEERETDZ LT,
400bp @ FEERIIZERIDOE L TANVAD
HEDBRMIZBIRT DB EEEBDIhS,
—F., T LB RicO 8o SRR ER
BB ETHEBETENLD Ly, L
L. 7T% NRTI (Zxtd Dt 2 S RRERD
HTHEBT IR, L OEEBRIEZ
HERERED, Lo T, 2FEAIMEE R
ROWELINE, AEREBRIZLIBREFEVA
VA RBRTDFREEN B, S OICAERTIE,
HitEZE BN 2 THIRBERUIB AL O RKER %
BITTWaH, ZhEAVEERE2HATS
IET, SRRERLEABIVANAERRRF
B EWRTRTHD, ZTOVATARTERIE,
MBRADELDMUEOHMR~ v U ZEITH
=,

E. ®&i



Ri#E NH3 OERIZIZ, BEIE HAART $icE
B L ARRERSCEBOMALER 2 F MK
TANABEBEEFEL WL, ZTRLOEER
UANATHBRABELDZEIZED 7424
—fDER (MA1L, FAEF], TEol) L/ S— A
DER (L210W, T215Y) &L AL 1 2
ABEEN-TEERDD, 7o DK
BEERFA-LAIOERDLER ST A LRI,
MEOEREEHEFEOVA N RIZHAATHLE
ERBEEREL, IOBRZHOELEBRE
BRIZHATZS, 41L-EALERE - 69 O 32D
NRT! iR 2D 691 & 210W ORICH S H
HERTOWENFTEER 17 &0 HIRREER TR
B2 TEELEEE o—1 b 210W -

215Y @220 NRTI THEE R L ERio Sacl # -

A FORKREREHEOER 7 u—2EML,
FOBPENTOTANALELRNI L&
iz, bz, Thbor/u—rifExOM
i EERRSE, HBBRLTALVRAEHRLL
BAFECZODNTHRIMLE, £/, Bz VA1
NADKEYT ) MR EITODOFELERE
L,

F. EERERIER
L

G. MeERH
RATR
LTS -

L

H. R EMEOHER - BHERI

7L



Fkl 6EE IAERROATCET S -

REHBXU AL (20042005 £ )
REE 2 (BEHRE)

Bl

X GER)

HER— GER)

1.

Takamura, 3, Nitkura, M., Li, T.-C., Takeda, N. Kusagawa, S. Takebe, Y.,
Miyamura, T., and Yasutomi, Y. (2004). DNA vaccine-encapsulated virus-like particles
derived from an orally transmissible virus stimulates mucosal and systemic  immune

responses by oral administration. Gene Ther. 11: 628-635.

Takebe, Y., Kusagawa, S., and Motomura, K. (2004). Moleucular epidemiology of HIV:
Tracking AIDS Pandemic. Pediatrics International 46: 236-244,

Takebe, Y., Kusagawa, S., Yokota,Y., Ma, Y., Yang, C., Li, X., Hoshina, Y., Wang,

Q., Li, X., Imamura, Y., Uehara, R., Motomura, K., Yang, R., Shiino, T., Xia, X., Ben,

K., Thwe, M., Aung, T, Aye, K. T, Oo, K. Y., and Lwin, H H. (2004).
Geographical hotspots  of ‘extensive  intersubtype recombination in  Asia; “Melting
pot” that generates diverse forms of HIV-1 unique recombinants. Proceeding of XV International

AIDS Conference (Bangkok, Thailand). pp. 35-38. Medimond. Italy.

Kusagawa, S., Yang, R., and Takebe, Y. (2004). Isolation and biological characterization of an
infectious molecular clone of HIV-1 CRF08_BC from China. Proceeding of XV International AIDS
Conference (Bangkok, Thailand). pp. 39-42. Medimond. ltaly.

Hidaka, C., Norose, Y., Nakagawa, Y., Shimizu, M., Takahashi, M., Ohwaki, A., Nohtomi,
K., Toda, M. Kusagawa, S. Sakaguchi, M., Kudo, S., Takebe, Y. and Takahashi,
H.. (2004). Dermal dendritic cells sensitized with -plasmid DNA encoding
immunostimulatory  sequence by gene gun efficiently prime murine HIV-I -

specific CD8+ cytotoxic T lymphocytes. Biomedical Research 25 (2): 83-91.

Kondo, M., Shima, T., Sudo, K. Nishizawa, M., Iwamuro, S., Okabe, T., Takebe, Y.,
Imai, M. (2005). Identification of attenuated HIV-1 CRFO1_AE variant associated with slow
disease progression due to gross genetic alterations in the nefLTR sequences. J. Infl Dis. (in

press).



FHEAL (GEE)

1)

2)

3)

4)

5)

Saeng-Aroon 8, Wichukchinda N, Myint L, Pathipvanich P, Ariyoshi K, Rojanawiwat A,
Matsuda M, Sawanpanyalert P, Sugiura W, Auwanit W. Study of Antiretroviral
Drug-Resistant HIV-1 Genotypes in Northern Thailand: Role of Mutagenically Separated
Polymerase Chain Reaction as a Toot for monitoring Zodovudine-Resistant

HIV-1 in Resource-Limited Settings. J Acquir Immune Defic Syndr. 36:1051-56, 2004

Pathipvanich P, Rojanawiwat A, Ariyvoshi K, Miura T, Pumpradit W, Wongchoosie S,
Yingseree P, Warachit P, Sawanpanyalert P. Mortality analysis of HIV-1 infected
patients for prioritizing antiretroviral drug therapy. J Med Assoc Thai. 87: 951-4, 2004

R. Kantor, D.AKatzenstein, B.Efrom, A.P.Carvalho, B. Wynhoven, P.Cane, J.Clarke,
S.Sirivichayakjul, M.A.Soares, J.Snoeck, C.Pillay, HRudich, R.Rodrigues, A Holguin,
K.Ariyoshi, P.Weidle, M.B.Bouzas, P.Cahn, W.Sugiura, V.Soriano, L.F.Brigido, Z.Grossman,
L.Morris, A-M.Vandamme, A.Tanuri, P.Phanuphak, J.Weber, D.Pillay, P.R.Harrigan,
R.Camacho, I.M. Schapiro, R.W Shafer. Impact of  HIV-1 Subtype  and
antiretroviral therapy on protease and reverse transcriptase genotype: results of a global

collaboration. PLOS-Medicine (in press).

A. Rojanawiwat, T. Miura, H. Thaisri, P. Pathipvanich, S. Umnajsirisuk, T. Koibuchi, S.

- Vongsheree, A. Iwamoto, K. Ariyoshi, P. Sawanpanyalert. Frequent Detection of

Epstein-Barr Virus and Cytomegalovirus but not JC Virus DNA in Cerebrospinal
Flunid from HIV-infected Patients in Northern Thailand.

N Wichukchinda, T. Shiino, J. Srisawat, A. Rojanawiwat, P. Pathipvanich, P. Sawanpanyalert,
K. Ariyoshi, W. Auwanit. Heterosexual Transmission of Novel CRF01_AE and Subtype B
Recombinant Forms of HIV-1 in Northern Thailand. AIDS Research and Human Retroviruses (in

press).



Gene Therapy (2004) 11, 628-635
@ 2004 Nature Pubhshlng Group Al rights resarved 0968-7128/04 $25.00

www.nature,com/gt

RESEARCH ARTICLE

DNA vaccine-encapsulated virus-like particles derived
from an orally transmissible virus stimulate mucosal
and systemic immune responses by oral

administration

S Takamura®, M Niikura? T-C Li®, N Takeda®, S Kusagawa®*, Y Takebe?, T Miyamura® and Y Yasutomi*
Department of Bioregulation, Mie University School of Medicine, Mie, Japan; *Department of Virology I, National Institute of Infectious
Diseases, Tokyo, Japan; * Department of Virology II, National Institute of Infectious Diseases, Tokyo, Japan; and ‘Laboratory of Molecular
Virology and Epidemiology, AIDS Research Center, National Institute of Infectious Disease, Tokyo, Japan

Delivery of foreign genes to the digestive tract mucosa by
oral administration of nonreplicating gene transfer vectors
would be a vety useful method for vaccination and gene
therapy. However, there have been few reports on suitable
vectors. In the present study, we found that plasmid DNA can
be packaged in vitro into a virus-like particle (VLP} composed
of open reading frame 2 of hepatitis E virus, which is an orally
transmissible virus, and that these VLPs can deliver this
foreign DNA to the intestinal mucosa in vivo. The delivery of
plasmid DNA to the mucosa of the small intestine was
confirmed by the results of immunohistochemical analyses
using an expression plasmid encoding human immunodefi-

ciency virus env (HIV env}) gp120. After oral administration of
VL Ps loaded with HIV env cDNA, significant levels of specific
IgG and IgA to HIV env in fecal extracts and sera were found.
Moreover, mice used in this study exhibited cylotoxic
T-lymphocyte responses specific to HIV env in the spleen,
Payer's patches and mesenteric lymph nodes. These
findings suggest that VLPs derived from orally fransmissible
viruses can be used as vectors for delivery of genes to
mucosal tissue by oral adminisiration for the purpose of DNA
vaccination and gene therapy.

Gene Therapy (2004) 11, 628—635. doi:10.1038/sj.gt.3302193
Published online 19 February 2004
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Introduction

The successful outcome of novel gene therapies and
DNA vaccinations largely depends on the development
of effective delivery systems.! In human applications,
both the efficacy and safety of any delivery system used
for gene transfer are major concerns. It has been shown
that tissue-specific gene transfer by a viral vector could
be achieved naturally and effectively through cell
specificity of the virus receptors.® However, there is a
risk of vector toxicity through viral infection of the host
cells. Also, the limited sizes of transgenes often present a
serious obstacle. Nonviral vectors, such as liposomes, are
safer but do not have a cell-specific targeting component
and have limited transduction both in vifro and in vive.
This limitation has been partly overcome by the devel-
opment of molecular conjugates consisting of cell-
specific ligands that confer cell specificity to nonviral
vectors.>*

The development of a system for delivering genes to
or conferring immunity to mucosal tissue by oral
administration would provide a convenient means for
effective treatment or prevention of various human
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diseases, including cancers, infectious diseases and
immunological disorders.® Since many pathogenic
viruses and bacteria establish their initial infections
through the mucosal surface, vaccine strategies that can
stimulate mucosal immunity have been widely studied
(reviewed in Ogra et al¥). However, there are several
difficulties in oral immunization with nonreplicating
molecules, such as low pH in the stomach, the presence
of proteolytic enzymes in the digestive tract and the
presence of physical as well as biochemical barriers
associated with the mucosal surface itself.®

Among the various nonreplicating molecules, a virus-
like particle (VLP), an empty particle with a structure
similar to that of an authentic virus particle, offers the
possibility of a new approach for vaccine development.”
It is expected that the VLP structure will provide
resistance to severe environments in the digestive tracts
and enable specific binding to the mucosal surface if an
appropriate VLP is chosen.® However, VLPs can induce
immune responses to themselves, and this is a problem
for using VLPs as a vaccine vector to carry foreign DNA.
A system using polyoma virus VP1 VLPs as a carrier of
DNA by intranasal administration has been reported.”
These VLPs work as an adjuvant, since DNA vaccine can
induce immune responses by intranasal administration
without VLPs. Hepatitis E virus (HEV) is an unclassified
calicivirus-like, positive-strand RNA virus that causes
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Figure 1 Electron micrographs of HEV-VLPs: (a) purified HEV-VLPs before treatment; (b) disassembiled HEV-VLPs after treatment of VLPs with EGTA
and DTT; and (c) refolded HEV-VLPs in the presence of CaCl;, DMSO and DNA. Bars represent 50 nm.

human acute hepatitis by fecal-oral transmission. HEV
first infects epithelial cells of the small intestine and then
reaches the liver through the portal vein. It has recently
been reported that overexpression of a part of open
reading frame 2 {ORF2) in a baculovirus expression
system results in the assembly of this protein into a
VLP.'® We have also reported that VLPs carrying foreign
epitopes elicit strong mucosal and systemic immune
responses to both the VLPs and exogenous epitopes
without the requirement of any kind. of adjuvant when
orally administered to mice.™*

Since infection with human immunodeficiency virus
(HIV) most likely occurs through exposure of mucosal
Hissue to the virus, HIV-specific immune responses at
mucosal sites are critical for the initial control of
infection. Therefore, a nonreplicating vaccine vector that
elicits mucosal immunity by oral administration would
be a powerful HIV vaccine. In the present study, we
found that unrelated plasmid constructs can be encap-
sulated into HEV-VLPs and delivered to the intestinal
mucosa by oral administration. HIV DNA vaccine-

loaded HEV-VLPs can elicit mucosal and systemic .
celtular as well as humoral immune responses by oral .

administration.

Results

In vitro refolding of VLPs

The HEV-VLPs produced by a recombinant baculovirus
system were disassembled by the removal of calcium
tons {(Figure 1b). When calcium ions were supplemented
to the disrupted VLPs in the presence of plasmid DNA,
the DNA was encapsulated into. the refolded VLPs
(Figure 1c). No significant morphological difference
due to the VLP disassembling—refolding process was
observed under an electron microscope.

Density shifts of VLPs and amount of plasmid DNA
after DNA encapsulation

Plasmid DNA encapsulation in the refolded VLPs was
confirmed by CsCl equilibrium gradient centrifugation.
VLP density is greater when loaded with a DNA
plasmid. A heavier density gradient peak was present
only when DNA was incorporated into the VLPs (Figure
2d). A single lighter density peak was produced for VLPs
alone (Figure 2a), refolded VLPs (Figure 2b) and intact
VLPs in the presence of -plasmid DNA (Figure 2c).
Despite the various sizes of plasmid DNA used for
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encapsulation, the amounts of plasmid in VLPs were
almost the same (17-19 pg per 50 ug of HEV-VLPs)
(Figure 2e and £). A solution with a high concentration of
plasmid DNA showed high viscosity, and VLPs includ-
ing DNA were not obtained for general use in experi-
ments. Based ori these results, we used this amount
(1mg/ml} as the optimal concentration (data not
shown).

Gene Iransfer by HEV-VLPs :
Initially, four cell lines derived from mice, rabbits,
monkeys and humans were studied for their ability to

Gene Ther
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transfer genes in vitro. The fluorescence of GFP-expres-
sing cells was observed under a fluorescence microscope.
Although the percentages of fluorescence-positive cells
were not so high (11.2% of NIH3T3 cells, 19.6% of RK-13
cells, 21.0% of COS-7 cells and 20.1% of HepG2 cells), all
of the cell lines used in this study showed positive
reactions (Figure 3). In contrast, no fluorescence-positive
cells were observed when the cells were incubated with
plasmid DNA alone or intact VLPs in the presence of
plasmid DNA (data not shown). We next tried gene
transduction in @ivo. Mice that had orally received a
vaccine of DNA expressing HIV env gp120 of the NL432
strain (pJWNL432) that was encapsulated in VLPs were
killed 2 days after immunization, and the expression of
HIV env protein in the digestive tract was examined. HIV
env protein was found in epithelial cells of the small
intestine by immunohistochemistry (Figure 4), indicating
that the HEV structure necessary for the entry of HEV
into target cells had been preserved in refolded VLPs and
that the DNA encapsulated in HEV-VLPs had been
delivered to intestinal tissues.

Systemic and mucosal HIV-specific humoral immune
responses in mice that had orally received a vaccine
of HIV DNA encapsulated in VLPs

Mice were orally or subcutaneously immunized four
times at 1-week intervals with pJWINL432 either naked or
encapsulated in HEV-VLPs. The serum levels of HIV env-
specific IgG antibodies in mice that had received loaded
VLPs were significantly higher than those in mice that
had received naked DNA (P<0.05 at 12 wpi, Figure 5a
and e). Moreover, specific IgA was detected at high levels
in sera of mice that had received loaded VLPs but not in

sera of mice that had been immunized subcutaneously

(P <0.05 at 12 wpi, Figure 5b and f). HIV env-specific IgA
was only detected in fecal extracts of mice that had orally
received pJWNL432-encapsulated HEV-VLPs (Figure 5d
and h}. No specific IgG was detected in any of the fecal

samples (Figure 5c and g). The levels of HIV env-specific
1gG antibodies detected in sera from subcutaneously and
orally immunized mice were the same (Figure 5a and e).
HEV-specific IgA was detected in both sera and fecal
extracts of mice that had been orally administered VLP
but not in sera or fecal extracts of mice that had been
immunized subcutaneously (Figure 5j and 1). Both orally
and subcutaneously immunized mice showed HEV-
specific IgG in sera (Figure 5i) and fecal extracts (Figure
5Kk). ‘

Elicitation of HIV-specific cytofoxic T lymphocytes
at systemic and mucosal sites by oral adminisiration

of a vaccination of HIV DNA encapsulated in VLFs

Cytotoxic T lymphocyte (CTL) responses in the spleen,
mesenteric lymph nodes (MLN) and Payer’s patches
(PF) were investigated at 5 weeks after the first
immunijzation. Mice that had orally received pfWINL432
encapsulated in HEV-VLPs showed HIV env epitope-
specific CTL responses in the spleen, MLN and PF,
whereas cells from the same tissues in mice that had
received naked DNA vaccine did not show any CTL
activity (Figure 6a). The P18 peptide is a dominant HIV
env CTL and Th cell epitope in BALB/c mice and is
restricted to the H-2D? allele. These effector cell func-
tions derived from our experiments were inhibited by
either anti-CD8 or -H-2D monoclonal antibody (mAb)

. (Figure 6b,c), indicating that oral immunization of mice

with a vaccine of HIV env DNA-encapsulated HEV-VLPs
elicited CD8* and MHC class I-restricted CTLs both
locally and systemically.

Discussion

A large number of pathogens gain access to the human
body via mucosa such as oral, nasal or genital mucosa.
The best defense against these predominantly mucosal

Figure 3 Expression of GEP in cells iransfected with plasmid DNA encapsulated in HEV-VLPs: (a) NIH/3T3 cells (mouse); (b) RK-13 cells (rabbit); (c)

COS-7 cells (monkey); and (d) HepG2 cells (human).
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Figure 4 Immunostaining of serial sections of small intestine tissue from mice 2 days after oral administration of pfWNL432-encapsulated VLPs. HIV env

proteins were observed in epithelial cells (arrow) (b, ), and control mAb did not show any positive reactions (d). Control mice were also administered
pTWNL432 without VLP encapsulation (a). Bar marker represents 50 pm.

Sera’ Tecal extract

. ;ﬁisxiéﬁ’i 5
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Veeekaadiortie
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Figure 5 IgG (a, c, e g, iand k} and IgA (b, d, [, h, jand 1) levels in sera (a, b, e, f, 1 and j) and fecal extracts (c, 4, g, b, k and 1) of immunized mice. Mice
were orally (M) or subcutaneously () administered pfWINL432 encapsulated in VLP or naked (M). Symbols indicate HIV env-specific antibody levels.

Background levels te HIV env in nonimmunized mice (8) are also shown. The IgG and IgA antibody levels are expressed as OD at dilutions of 1:100 and
1:2 for serum and fecal extracts, respectively, The mean OD values +s.e.s were obtained from five mice[group.
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pathogens is mucosal vaccines that are capable of
inducing both systemic and mucosal immunity. Recent
evidence has shown that DNA vaccination can confer
protection against a number of infectious agents, includ-
ing viruses and bacteria, although peripheral immuniza-
tion with naked DNA is less than optimal for stimulating
mucosal immunity*?*?® In fact, it is quite difficult to
induce both mucosal and systemic immune responses by
oral administration of naked DNA. This study demon-
strated that an orally administered DNA vaccine en-
capsulated in an orally transmissible virus-derived VLP
induced both mucosal and systemic immunity.

The delivery of a DNA vaccine for induction of
mucosal immune responses is usually achieved by gene
transfer to the upper nasopharynx-associated lymphoid
tissue (NALT), upper airway, salivary glands and
tonsils.>* Despite its obvious convenience, oral admin-
istration is rarely successful, since it is quite difficult to
protect plasmid DNA from the environment in the

ne Therapy

digestive tract. The efficacy of orally delivered DNA
vaccine to NALT is improved by encapsulating plasmid
DNA in poly (lactide-coglycolide) (PLG) microparticles
for protection against the gastric environment.'>*¢ The
immune responses to particle-borne DNA immuniza-
tions by means such as utilization of a gene gun or PLG
differ from those to DNA immunizations without
particles.™ It is thought that the microparticles are
actively taken up by cells such as macrophages or M
cells of PP of the small intestine and thus facilitate the
presentation of antigens to local immune systems.*>?

" This mechanism is the same as that of gene gun

immunization of a DNA vaccine, that is, phagocytic cells
such as macrophages or dendritic cells take up plasmid
DNA delivered by a gene gun. The delivered gene is
expressed only in these cells.”® Similaily, only mucosal
immunity was induced in mice by oral administration of
DNA-encapsulated PLG microparticles.’®¢ It is likely
that the mechanism underlying immune recognition of
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HEV-VLP infection is similar to that of direct intramus-
cular or subcutaneous DNA immunization without the
use of particles. Protein expressed by HEV-VLP-infected
cells is recognized by the immune surveillance system,
resulting in the elicitation of Ag-specific immune
responses. We showed in this study that genes could
be expressed in epithelial cells in the small intestine after
delivery by HEV-VLPs (Figure 4). It is plausible that
HEV-VLPs, which are derived from an orally transmis-
sible virus, were incorporated into HEV-permissive
epithelial cells in the small intestine, because they
retained structures and properties similar to those of
HEV particles, producing an infection similar to that
induced naturally.'” The Ag-expressing cells might be
recognized by intraepithelial lymphocytes or submucous
antigen-presenting cells by the same mechanism as that
in the case of general virus infection.

An HEV-VLP has several advantages as a vector of
DNA. Firstly, in our experience, large amounts can be
easily obtained from standard cultivation protocols
compared with the amounts of other VLPs obtained.
The yield of purified HEV-VLPs collected from a culture
supernatant of 50-100 ug/ml is more than 100 times
greater than that of other VLPs, Secondly, the outcome of
gene delivery in humans can be predicted using

conventional laboratory animals, since HEV naturally -

infects various animals as well as humans through the

same infectious route and target cells.”*° Thirdly, HEV-

VLPs are stable at room temperature. Fourthly, anti-ITEV
immune responses had no effect on DNA administration
in the present study, and this,might be related to the
neutralizing antibody for preventing infection with HEV.
Neutralizing antibodies to HEV for irhibiting infection
have not yet been found. This is also the case for HCV.
The mechanism by which HEV is eliminated by

antibodies is thought to be antibody-dependent cell-

mediated cytotoxicity (ADCC). The effect of induction of
immune responses to DNA vaccine in our system is not
clear. Thus, HEV-VLPs are an attractive vaccine vector in
developing countries because these VLP can be pre-
served without the requirement of any particular
equipment. Finally, we have reported that an HEV-VLP
can carry foreign amino-acid sequences as a part of the
ORF2 protein exposed on the particle surface without
any morphological or biological alteration.!® Liposomal
vectors resembling retroviral envelopes endowed with
targeting molecules for gene delivery have been re-
ported. The vicronectin receptor, o,fs-integrin, is com-
monly upregulated on malignant melanoma cells, and
liposome carrying an Arg-Gly-Asp (RGD) integrin-
binding motif has been used for a system to deliver
DNA to these tumor cells.?! It has also been reported that
targeting DNA to M cells by intranasal administration
for the induction of mucosal and systemic responses can
be achieved by formulating DNA with polylysine linked
to viral adhesion.** It may be possible to design chimeric
ORF2 proteins carrying these targeting molecules to re-
target HEV-VLP to particular cell types.

Oral vaccination has obvious advantages for a field
trial in a large-scale public health vaccination program,®
From a practical standpoint, oral administration is less
stressful for vaccine recipients and does not require
professional skill for the vaccine administration. More-
over, delivery of vaccines via the intestinal tract is
considered to be inherently safer than systemic injection,
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Encouraging results of phase I trials using Norwalk virus
VLPs have recently been reported.* Trials using DNA
vaccines for infectious and malignancy diseases have
also been conducted.? The results of the present study
suggest that oral administration of DNA vaccine en-
capsulated in oral transmissible virus VLPs, HEV-VLPs,
is effective for inducing both humoral and cellular
immunity locally as well as systematicaily. HEV-VLPs
might be useful not only for vaccination but also as a
vector in human gene therapy.

Materials and methods

Mice

BALB/c female mice were purchased from Clea Japan
(Tokyo, Japan) and were housed in the Laboratory
Animal Center of Mie University School of Medicine
during the experimental period.

Peptide synthesis

The peptides used in this study were the HIV env CTL
epitope (HIV 308-322, RIQRGPGRAFVTIGK; P18)* and
a control peptide (HCV nonstructural protein 5 CTL
epitope MSYSWTGALVTPCAAE; P17).%7

Plasmid DNA

A highly efficient mammalian expression vector,
pJW4303,%* was used for efficient expression of HIV env
gp120 of the NL432 strain?® Various sizes of plasmid
DNA were also used for the in vilro packaging experi-
ment (3.162 kb: UC118 593 kb: pjw322; 8.63 kb:
pIWSIVenv; 11.2 b PABWN).

Production and purification of HEV-VLPs

HEV-VLPs were produced and purified by previously
described methods." Briefly, Tn5 cells maintained in
Excel 405 serum-free medium (JRH, KS) were infected
with the recombinant baculovirus expressing HEV-ORF2
at an m.ooi. of >5 and cultured for 6 days. The
supernatant was harvested and the recombinant baculo-
virus in the supernatant was pelleted by ultracentrifuga-
tion at 10000 g for 30 min at 4°C. The VLPs in the
supernatant were collected by further ultracentrifugation
at 100000g for 2h at 4°C. Pelleted VLPs were then
resuspended in 10 mM potassium-[2-(N-morpholino)
ethanesulfonic acid] (MES) buffer {pH 6.2) and purified
on a CsCl equilibrinm density gradient. The purified
HEV-VLPs were spun down and resuspended in
potassium-MES buffer and kept at 4°C.

DNA packaging

Plasmid DNA was encapsulated into HEV-VLPs accord-
ing to a previously described procedure.®® Purified VLPs
(50 ng) were disrupted by incubation in 180 pl of a buffer
containing 50 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1 mM
EGTA and 20mM dithiothreitol. Following 30 min of
incubation at room temperature, 200 ug (20 ul) of each
plasmid in 50 mM Tris-HCl buffer (pH 7.5) and 150 mM
NaCl was added. The disrupted VLP preparation was
refolded by incubation for 1 h with increasing concentra-
tions of CaCl, up to a final concentration of 5 mM. VLPs
were pelleted by ultracentrifugation and resuspended in
10 mM potassium-MES buffer (pH 6.2). At each step, the
VLP structure formation was confirmed by electron
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microscopy after negative staining, as described pre-
viously.” To estimate the amounts of encapsulated
plasmid DNA, refolded and purified VLPs were treated
with 10 JU benzonase (SIGMA-ALDRICH, Irvin, UK) for
1 h at 20°C to remove DNA on the surfaces of VLPs and
disrupted with EGTA (1 mM). Absorbance of the super-
natant was measured for detection of plasmid DNA
contents.

Densily analysis of refolded VLPs

Refolded VLPs were separated on a CsCl equilibrium
density gradient and fractioned into 0.2ml aliquots.
HEV-VLPs in each fraction were detected by ELISA as
previously described,’® as well as DNA contents..

Gene transfer in mammalian cells

Four cell lines (NIH/3T3 {mouse}, RK13 (rabbit), COS-7
(monkey), HepG2 (human)) were used in transfection
experiments. Sterilized coverslips were placed in six-well
plates, and 5x10°cells per well were seeded in the
plates. After overnight culture, cells were washed twice
with a medium, and about 1pg of VLP-encapsulated
EGFP expression vector {BD Bioscience Clontech, CA,
USA) diluted with 0.5 ml medium was added. After 2h
of incubation at 37°C, VLPs were removed. Cells were
then incubated for 48 h at 37°C. At the end of the culture
period, cells were removed from the culture medium and
washed three times with PBS. Coverslips were then
mounted onto microscope slide glasses. Fluorescence of
the GFP-expressing cells was observed under a fluores-
cence microscope.

Immunization ‘

Mice were orally immunized. four times with 50 pg
protein of HEV-VLP/DNA (pJWINL432) complex or
20 ug naked pJWNL432 DNA in 100 pul of potassium-
MES buffer at 1 week intervals.

Immunchistochemical analysis

At 2 days after oral immunization, the mice were killed
and tissues were collected. Cryostat sections were air-
dried and incubated in 0.5% HIQ, for 10 min to quench
endogenous peroxidase activity. The sections were
further pretreated with chicken anti-mouse IgG antibody
{Chemicon International, Inc, CA, USA) to prevent
nonspecific reactions of a secondary antibody. The
sections were then incubated with an HIV env-specific
mAb (HIV-1 IIIB gp120.mAb (902)), which was obtained
through the AIDS Research and Reference Reagent
Program,® for 30 min at 37°C. The bound antibodies
were visualized with a biotinated secondary antibody,
HRP-labeled avidin-biotin complex (ABC-peroxidase
staining kit, Elite Vector Lab. Inc., CA, USA} and 3.3"-
diaminobenzidine tetrachloride with 0.01% H,O,. Sec-
tions were slightly counterstained with hematoxylin. An
mAb (A1/3D1, ANOGEN, Canada) against hepatitis C
virus core, which is same isotype to 902, was used as a
control.

ELISA

Serum and fecal samples were collected at O {preimmu-
nization), 2, 4, 6 and 12 weeks after the first immuniza-
tion. Feces were suspended in ice-cold FBS at 200 mg/
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ml, and the centrifuge supernatant was used as fecal
extract. Culture plates (96-well) were coated with
purified HEV-VLPs or synthesized oligopeptides (P18)
at a concentration of 10 or 100 pg/well, respectively,
overnight at 4°C followed by 30 min of blocking with
FBS containing 0.1% FBS and 0.05% Tween 20. To
determine the anti-HIV env gp120 antibody responses,
CV-1 cells were seeded in 96-well plates and infected
with recombinant Sendai virus expressing HIV- env
gp120 of NL432 strain (SeV gp120),° and then the plates
were incubated at 37°C. At 3 days after infection, plates
were washed and fixed  with PBS containing 10%
formalin for 10 min. Test samples were added to each
well and incubated at room temperature for 1h. For
detection of anti-HIV env gp120 antibody, test samples
were reacted with wild-type Sendai virus-infected CV-1
cells before addition to the wells to eliminate the
nonspecific antibody. Biotin-labeled anti-mouse IgG
(Vector, CA, USA) or IgA (CALTAG, CA, USA) was
used as the detection antibody. Following 1 h incubation,
the plates were washed and further incubated with
avidin-HRP (Vector, CA, USA). The reaction was devel-
oped using an ABTS substrate (Roch Diagnostic, Man-
nheim, Germany).

Generation of CTL effector cells

Effector cells were derived from spleen, MLN and PP
cells as precursor CTLs. Aliquots of 5 x 10° spleen cells
were co-cultured with 2.5 x 10° mitomycin C-treated
autologous spleen cells labeled with a peptide at 37°C
in a CO, incubator. The effector cells generated were
harvested after 5 days of culture. ' '

Cytotoxicity assay .

Target cells, A20.2] cells (2 x 10°), were incubated at 37°C
in a 5% CO; atmosphere with 10 ug/ml of P18 or contral
peptide for 16 h. The target cells were then washed and
labeled with *'Cr. The *'Cr-labeled target cells were
incubated for 5 h with effector cells. Spontaneous release
varied from 5 to 10%. Percent lysis was calculated as
{(experimental release—spontaneous release)/{100% re-
lease—spontaneous release)) x 100. All the experiments
were performed ‘at least four times, and each experi-
mental group consisted of five mice.

Blocking of cyfolysis ' :
S1Cr-labeled target cells (10° cells) were preincubated at
4°C for 1h with anti-H-2 K¢, D? or L? mAb (Meiji
Institute of Health Science Ltd., Tokyo, Japan) (1 ug/ml},
and effector cells were then added. In a separate
experiment, effector cells (107 cells) were preincubated
with anti-CD4 mAb (GK1.5) or anti-CD8 mAb (Lyt2.2)
(10 pg/ml) at 4°C for 1 h, and then the labeled target cells
were added. Blocking of cytolytic activities by these
mAbs was assessed by a 5-h 5'Cr release assay.

Statistical analysis : _
Statistical analysis was performed using Mann-Whit-
ney's U test and Kruskal-Wallis test. Values are
expressed as means+s.d.s. A 95% confidence limit was
taken as significant (P <(.05).
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Molecular epidemiology of HIV: Tracking AIDS pandemic

Abstract
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Background: Human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome (AIDS)
epidemic is a global threat to maternal and child health, especially in developing countries. Jtis estimated that
800 000 children are infected and 580000 children die of AIDS-related illnesses every year. Molecular
epidemiology has been a useful tool in analyzing the origin of HIV and tracking the course of global HIV
spread. This article provides an overview of recent advances in the field of molecular epidemiology of HIV
across the world, and discuss the biological implications. '

Methods: Based on the near full-length or partial nucleotide sequence information, the phylogeny and
recombinant structure of HIV strains are analyzed. Using genotype classification of HIV as a molecular
marker, the origin and the genesis of HIV epidemic are investigated.

Results: The HIV-1 group M, a major HIV group responsible for current AIDS pandemic, began its expansion
in human population approximately 70 years ago and diversified rapidly over time, now comprising a number of
different subtypes and circulating recombinant forms (CRF). Of note, recent studies revealed that new
recombinant strains are arising continually, becoming a powerful force in the spread of HIV-1 across the globe.
Conclusion: Global dissemination of HIV is a dramatic and deadly example of recent genome emergence and
expansion. Molecular epidemiological investigation is expected to provide information critical for prevention
and future vaccine strategies.

acquired immunodeficiency syndiome, circulating recombinant form, genetic variability, human immuno-
deficiency virus, molecular epidemiology, recombination, subtype, vertical transmission. ‘

The human immunodeficiency virus (HIV)/acquired immuno-
deficiency syndrome (AIDS) pandemic continues to expand
globally at a rate of 14 000 new infections every day. The
Joint United Nations Program on HIV/AIDS (UNAIDS) and
the World Health Organization (WHO) estimated that more
than 60 million individuals were infected with HIV world-
wide by the end of the year 2002. Of these, approximately
25 million patients have already died, and 42 million people
were living with HIV/ATIDS.' It is known that HIV transmits
through blood and sexual contacts and via mother-to-infant.
Vertical infection occurs during pregnancy and delivery as
well as through breast milk at an estimated rate of 25-30%.
UNAIDS estimates that close to 3 million children under
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15 years of age are now living with HIV/AIDS worldwide:
200 000 children are become infected and 580 000 children
die of AIDS every year (Table 1).2 Of approximately 14 000
new HIV infections which occur each day, 2000 are in
children under 15 years of age and approximately 5000 are
women in their reproductive age (Table 1), mostly in devel-
oping countries in Africa, Asia and Latin America (Table 2).2
The HIV/AIDS epidemic has a serious impact in the health of
mothers and children.

Melecular epidemiological investigations have been a
powerful tool in analyzing the origin of HIV and in tracking
the global spread of this pathogen. Since HIV-1 group M
began its expansion in the human population early in the 20th
century (1931, 95% confidence interval: [915-1941) it has
diversified rapidly, now comprising a number of different
subtypes and circulating recombinant forms (CRFs).*~

Classification of human immunodeficiency virus

Phylogenetic analyses of globally circulating viral strains
have identified three distinct groups of HIV-1 (M, N, and O},



