, abce3enjj6HTl *1 * ust 2002 METHODS AND DEVI CES FOR MODULATI NG
THE | NMUNE RESPO\IS?@@W%MM@WE | NVENTI ON The present invention rel ates
generally to a net ating in a mammal an i Mmune response to an
antigen, using an inpl aiwsiadsl e devi ce whi ¢h exposes the ant hgan ﬁslilz@(gz
controlled fashion to cells of the imune system By creating B artificial
envi ronment  METBRDEANRDESHEES FOBMARUEATING THE [PAUNGIRESANE

mani pul ating the bioavail abili tP;i B i i.thin.the device, a robust
response nmay be induced agains f ; Xi sting immune response
may be down regul ated. BACKGROUND COF THE | NVENTI ON 10 I nduction of an

i nmune response to an antigen and the magnitude of that response depend
upbn a cdiplpessentitempbayelaeogmpetaily tannieted, fovmodulasng ipemaofmil amimmueel | s,
and co-stinmulatory mpl ecul.es incl udi cyt okj nes and chenpki nes. The t|m ng
and ext eRESPBRSER BbaTASYSIEE IRRINEPICArYice YhICh Rupaist figamtiammin g ontrolled

co-sgimul Liid I i {1 h
ody 1 hemnRtotell Gtng bR e R el G A YRS GRRgnaRn M tklhe
br ought icoim@osifiom amakiobd dfia liymph yotid) andiby nmaipalaimg hhelsiohyaijabilivp dfantigeh withén
nunerous cell types involved in the process, antjigen-presenting cells, such
as macr offadrvicenp by atnonscmay pe ndugsdagaingt an AR OF ap €5 NS ANBURS FEROREE o
| ocal , or | Z d tissue, process the antigen and present antigenic
pepti des n?‘%mle cgong{QséQfﬁa]gt%le | as secrete co-stimulatory nol ecules. Thus, if
antigen reaches |ynph organs in a |localized staggered manner, under the
opti mal concentration gradi ent and under the 20 appropriate environnent
conprising co-stinulatory mg# : <3=R7

BALAKGROUND OFSHARINVENTION|ced in t he drai ni ng
| ynph node. In this nmanner, a foreign antigen introduced into the body,
such as by nmeans of a vaccination, nmay or may not result in the devel opnent

of o desith@Rksn o Ry Fmie BRI NEE P B gerMtd 166 AfaghitRfé JfAhat\egfohsddpeid upon a
i nclude attenuated and i nacti vated bacteria and viruses and their

conponentcomphex iliteeplayapenssthe kntigencyaraup bipes episrdung gellp.cand aenstinmdatoppe and
antity of the anti.gen he | ocati on. of e.site af | nmmupization, .and the
oo, Dbl AhATE Surokines b BlsmaRingt RS Rire il cal e M RE EAREM B R e

are equalihy,|{INOLaM sntig’R9nd Be c@%ﬂfdul’at&r?‘ﬂﬁ'l‘i_@g aiiter Adlh BN fhe i RRHE répndeeW
alternatives avallable to I ncrease the effectiveness of the I nmmuni zation.

Wher eas iWithinphe bodynthebe eariomaksll typereadisiditeohnfactossra cenvenainklz branghbinto
enhance the devel opnent  of the i ne response, 29 August 200 such as
conjifigat iPEFIPHEY 18 hpnghod f‘%?“ﬁs‘?‘ﬁ?rarénT}L’JMH énE)z.t}E"arPWO‘bsr‘EP?]etiyﬁeso‘Pv V?ﬂ'r’é‘ltg?:ul e
(e.qg., k L e i -1 5 . S
i cvant Troiar i R re A VAL, At 2P ek SLHER aRd AL TRNS i uRe R

not avai lthbperiphithu®,localimegaireddisplase Sssubhaprovase kit antigenx mid prebent pntegeaitt abl e
by vaccinati.on before exposure to the infectious agent, .or in the case of a
Cher apeutieBtgERIE: s ehaE RhgForU BB BOTE S lrent ot IEAISP BEERO O P RN
response §0a @i, §1biibdiflosRA el Shatd 1A0SHmA Cof@hintiSHERdR SRANGREr tha' €
not availaBle to the patient. Spondge inplant studies have been performed in
mamzal s tappags@ssenvivenmenteompising cpefimuatorg matduiaacd edpomseds fmdoeddgn tieody,

whi ch produce what is called a sterile abscess, and sponges prior to or
draining lymph node.

In this manner, a foreign antigen introduced into the body, such as by means of a vaccination,
may or may not result in the development of a desirably robust immune response. Antigens used
for vaccination include attenuated and inactivated bacteria and viruses and their components.

25 The success of vaccination depends in part on the type and quantity of the antigen, the location of
the site of immunization, and the status of the immune system at the time of vaccination. Not all
antigens are equally immunogenic, and for poorly immunogenic antigens, there are few
alternatives available to increase the effectiveness of the immunization. Whereas in experimental

animals numerous techniques are available to enhance the development of the immune response,
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io after inplantation have been | oaded with antigen to further study the
attracted cell population. Vallera et al. (1982, Cancer Research
42:397-404) inplanted sponges containing tunor cells in mce to exam ne the
conposition of cells attracted over a 16 day period, and fgy‘qqgsspi?ozat an
early time, cytotoxic cell precursors were present, and cytotoXicity peaked
at day 16uchSpoogingaitagthgianiigay to @meredainiunogemt aamenproteimprbiomedculegegheen
previ ously . nized with .tunor cell 5 showed a_nore, rapi d appear apce of
Pyt ot ox: CouTF Simof Tiomtdci el the S of by SONER 4F BB LtPhinf SPA e Roben.

| ymph nogtﬁﬁlaﬂrva@&ﬁdﬁfoﬁymtémMueyam RALiGArkY are WBI mﬂ&me.gmgqmaqemugggxas s

| ocal i zed response to the antigen in the sponge. Jenski et al. (1985, 5.

| munol . thé twroudis otBErwii &3bd Ertventaldebly yacnihaiion befodé expomsetto tHedhfeotousagentesryinof

cellular immunity in mce receiving syngenei c bone marrow transplants after
subl &t haltheense of atiepentc Wrcingpthaley g@ﬁ% sevelapment afiapsiiseftvedmmune
Recovery i Lty. rm ug. i Le T lynphocyte
ot i vi ty "oponl dhiekishRZ o SEREICR AL o bt BERS AR BUMRE AL Bt RRTHE P e
et al. (Ip28éht. J. I nmmunol. 143:379-385) injected a tunor vaccine into
sponges inplanted in tunor-immune mce, and nonitored the generation of a
secondary i nmune response at the sponge site. No acconpanyi ng effect was

(50 " Spdne? FRLuR R RRS TR BhER pet Srehns W a8 SR SRR Mo G uihlon
| oaded Wigtthackdd 18 @ifakeBth BodyDWhicRIphduce viaow cafled a §tBSBQAbSEIsE, Ané SptndedSHidtI6er

to adoptively transfer anti-tunor activity. The frequency of tunor-reactive
cyt @ oxi afffr ueplastatierhaverbech forded with anpgmge furdhes spdyithenatireesederdl papylaphn.
nodes an e sple re neasur.ed, i i\mal s receiving the.30 .

t unor - ceﬂ(é{é&ﬁ@g (g%ﬁn? esFreh g%h§7-g§%),}51@iﬂng%fﬁpgp$§giogtafm§ WMOF gelt Pher
frequency,f i o84 1sGrdctdde et b Y6 dby P afid fouhi§ n
the | ynph noé%g)?a%éﬁ%q%%- F%I 8 ?IIIS gﬂg St hanc spl een. V\ﬁ)ﬁ)e dsz?gn? iucamﬁ?tteis}garch
i s under wayly timegdetoexic ddiiqsecutsols wernuesst, and eytbexidtypeakal aday | @bfponges
vacci nes, the drawbacks associated wijih t t her apeytic techni ques and

mat er i al SOPEMINg uQr Cﬁ)émnaplerﬁaf wripics @%BEFWF&OP Y FRMPESd ¥ithdunes ¢kl or
modas i ty ¢Bakq wed RELRIEMBInRAESRAEL Y IPRRie Al didWelid's
conterrporsary ?mmrﬁ%%ﬂ‘?é‘g’?g%’ﬁé iclé'é treact rrelﬁt prﬁfgtﬁgco{s, suc‘ﬁagasl elisifrom
pr ophyl aché splagyy Iy mgdes bt peritamaninn shidvo nytotaritity pwhick seggesfed aihightyioealized
devel opnent of new, effective and efficient strategies for inproved

ef f ect | vaREPEsHIo theantigende thedpremeshot h heal thy mammal s and those that nay
benefit from i mmunotherapy. Furthernore, the ability to suppress the i mune
response to a particular antigen or series of antigens offers advantages in
~0 treat rienskief ala(1l085 gi. &amanel. Meelveistdsors30f61) nsdsrhAmt condjtieat icofollo® @Ecovery

exanple. It is accordingly toward the achi evenent of these and |ike

obj ect i vef celuler ippupbxindhice reoeiing HMEeReiy Ponscpamow SeRARYS ater fiethilVENT| ON
In cor WD [ £l S s b

e 2con EAIR b e SR DNER AP ml=R SR S TR A0

wi t hi n t Hey imeauriaf cytacoxi@MRahpldegteteivitg ol fells eaquvert g tie spongey Sverainid. x
contained_ within a _perforated but otherw se inperneable container. The

anti gen térngsmeistanVitthachal. (198Pohdamunolddp 349-383) ipiestedra tumer Varsingdntous

matrix of_the device...The antigen may bhe.present ..in the .device before
ol ant ot TSAEST Rkt PR RS 1HRtes AP PO RS2 e ksbREg P EBLE Seopflap frmune
mat ri X of rebpishsd athe Spatigelsite Kb ABcoMhipdn¥iitdttest W appaknbR IPHPUind@st ddfhcent to
nonbi oavai |l abl e form whi ch becones bi oavail able follow ng inplantation. The
devi2ée wi the implantedtspongecel | s of the i mune systemto encounter the antigen
wi thin the device, and the encounter will nodul ate the i mmune response to
the antigen. The perforated container acts as a diffusion barrier,
mai nt ai ni bt R i i A | (38 :
co-stimul gtg%%t %‘P'a((li:l?%dr)gapg% ugeea?]&ggd"ilwm%ﬁr%gﬂ?gﬁaﬁséh\?m&;r %ﬁls ?‘E’g“ ﬁjg\t/l?{:gnpvl\%ﬁt%h on
exposur e loaded Wwith irradiatae tunsdricslls to shoev thetthese, ceBsbarid be tifed td adaitivelysransfef
t he desired. i mmune response. The perforatiagns pernmt thies 25 ingress and

[

egress of Mt @Y% Theequeasy itumernrrstivesyetedie Thes/lsirreqviesd feogr thel ar
mucosal , %g@,tnulg@{ ith PBHGHa mﬁ%dzﬁgﬂgrﬁggggkﬁ%& theRtrBa A B de

and those ene I mTuno
30 tumor-cell-loaded sponge implants. The sponges contained a four-fold higher frequency of




For exanple, in the practice of the invention) small anounts of antigen are
provided within a device of the present invention prior to inplantation
within the manmal . Preferably, the antigen 29 August 2002 is introduced
into, or becones bioavailable within, the porous matrix ofzothigusteropge about
three days after inplantation within the manmal . A robust i mmine response
to the apihsesRIWehdtive@ylobsiie ctells tah ehdBipAdoded, And 50-6518 RfheLkRREhEENT , t he
device is conposed of biodegradable naterials which are eventually degraded
wi thin the body. Alternatively, the device may be renoved fromthe body

after it _has achieved its desired effegt. | n i br oadest_.aspect, the

ot caent | ROB PORCEIFERUEn Co P REIeaaiast e el e gs ST S PHE 8! e
havi ng thchI‘Pés! QWIIREVIERRY 8GbEihiedtifSthe thePPRtStBRTifhes a8 BlatiARM M irhilp 2
perforated but otherw se inperneable container, the device further

conpri si ngpukhthareforgdna desirable fosdeyelohartechique @s entdalifytthatwduldeoverdaniexthen a

bi vavail able formprjior to i wktﬁntati on or_ becones bioavailable wthin the

mat r§ x aPfefemppressntlyasgiat SOBFMPYERY iramppgtherapiayl likedreatment pratecols,

i mpl ant at ' il Lt : i i 1 hi. i be
cont 1ol + Suihs pTRECRR YR iRkt yBlciddiBn 0le' ) Bbrtlt QUi ald Ve SEVEIGRIRY D
del ayed meleafi&tive andibiicicnn ssateficafor ihpioved effecieenddy ofMiimasRAKSESE both

m crocapsul es, or |iposones, which upon degradation release the antigen
i nt o t he hegthyamammalsrandteosgethatdnay bepefit fromimarunsthsemy nidithermers. the ebilifdto

device of th esent | | - t r e or down.requl ate
the | b Eef EEhnd BXEee 0 o KR HAEHn R ol ARG o SG¥ R
congent r afch@ien@bs Aldpgied hirdipRNetitinl deRnwWlidirdedtha, ﬂﬁ‘\ékﬁﬂpl&\bit(i@adc%ﬁﬂﬁ%@ in
suppression of the imune response to the particular antigen, and the

i nhi bi ti dewad thhachikvenienpeitheseptnddike ohjegtees2at the prssapbinyentiands divedteren.
Cytoki nes or other co-stinulatory nol ecul es can al so be provided within the
device. Further utilities of the uses and devices of the present invention

i ncl ude the harvesting of im“SWM%!E\Sde’PHEtIWEWM@F for subsequent
reintroduction into the body for the purpose of providi ng adoptive

| mrunot her apy, active imuni zation, and reconstituting the i nmune system
25 Additional uses i.nclude i nprovenents in the,preparati of pol ycl onal
ant i bodi d8 AEORARRE v hFPTeSFR IRETHE GriEr AR Bar e A I AU M T EEorse 1n c
Pr epar al ixfinfik1 UARAGEER ProRabd 8 lhhasiSvintin W 6By MY RARMAG D YRR

| mmune ce
15 comprising a porous matrix contained within a perforated but otherwise impermeable container.

The antigen to which an immune response is desired is present in the porous matrix of the device.
The antigen may be present in the device before implantation or introduced after implantation;
antigen present in the matrix of the device at the time of implantation may be provided in a non-
bioavailable form which becomes bioavailable ’following implantation. The device will attract
20 cells of the immune system to encounter the antigen within the device, and the encounter will
modulate the immune response to the antigen. The perforated container acts as a diffusion
barrier, maintaining within the device high levels of cytokines and other co-stimulatory factors
produced by immune cells within the device which on exposure to other immune cells in the
device, enhance the development of the desired immune response. The perforations permit the
25 ingress and egress of immune cells. The desired immune response may include cellular,
mucosal, and humoral immunity, and may be applied to both healthy mammals and those who

may benefit from immunotherapy.

For example, in the practice of the invention, small amounts of antigen are provided within a

device of the present invention prior to implantation within the mammal. Preferably, the antigen



As will be evident below, using the invention described herein, by creating
an artificial 29 August 2002 environnent m m cking the conposition and
role of a |lynph node, and by mani pul ating the bioavailability of antigen
within the device, the devel opment of a pobust response agaj Qghs@podnti gen
I s achieved. Under different conditions for particular antigens, an -
exi sting;d; gl : E
DR N S D B B H B e e ey e
devi ce oflayshtepingdenthtiomwethin themameral. aASoblsy ipmohotspdise to thephtdpérawilbbe
under the skin of a mamual. FI GURE 2 depicts an analysis of the nunbers and
types of indarekinghemammaly t he device four days after inplantation without
any antigen present within the device. 1 o FIGJRE 3 shows the change in
popul ati on of various cell types within the device at 4, 7, and 10 days
after i npl anirglet @Abodimeht) theadstriecafipoaadof Hibdadidabld matttigewhidhl & Remually
shows the effect of introduction of antigen into the device on the nunbers
of 6D3 péegradedevighin the torlye e ltasnativeipathe dowre may be sgmaeveddrane thedyody aftgr it has
CD14- posi t.i.ve celdl S %ﬂefﬁerc?phages as representative subset of antigen
present i ARSI T T he device at days 3, 7, and 10 post 15

I npl antation. Antigen was introduced into the device on day 4
post-inplantation. FIGURE 5 shows an anal ysis of the change in expression
of CD4 ( Eeitplroadestadpest) thermteseninyenfion exignds (T apdmplantablesdeviogdorisithynizingtshe
spleens of m ten days after inplapntation of a.device containing either
vone or PP GaLRg i o Tlor s oharieres Atk ag POBHS matin SRR L TR a R prrded b

f oot pad Wtﬁehwi@@f&%&ﬂxe%lﬂ Sofidind MY devRe AHHEPBEmBriflBPhs bt 2R ARSI efthet NE
proliferative response of spleen cells to influenza antigen fromm ce that
ei tiwer haecstgerithinteanateid inatbivazaithble fosn print @i inipleptaionioy bacomésttioamilablehout
adj uvant, .or imuni.zed in the foot Ead wth ,anti‘g}%g Iuséﬁgj ,uv%nt. .Spleen T
cel | proMithis Reimatrix attemplaniaiiony ofheAmigen iingrad ;5‘5)66%}8 bimplanteiges The
shows t he; e agmﬁ-' e fer r.etJ el ; :

popl i teai%l(lfg%{1 ;t/) }#g 0%0 eshg?'E %‘&g‘ tﬁér}(rlr%ﬁ(%zrg%‘) ?@ncﬁrgﬁ?%ﬁ E‘;’J E@mﬂ% ﬁfe?a(ri\tP %rgglz%
anti gen mpbhdicathilabddform such as in a delayed release formulation such as that provided by

microspheres, microcapsules, or liposomes, which upon degradation release the antigen into the

15 matrix of the device.

In a further embodiment, the use  and device of the present invention can be used to decrease
or down regulate the immune response to an antigen within a mammal, by using a high
concentration of a particular antigen within the device which results in suppression of the
immune response to tﬁe particular antigen, and the inhibition of the development of an immune
20 response to the antigen. Cytokines or other co-stimulatory molecules can also be provided within

the device.

Further utilities of the wsee  and devices of the present invention include the harvesting of
immune cells from the device for subsequent reintroduction into the body for the purpose of
providing adoptive immunotherapy, active immunization, and reconstituting the immune system.
25 Additional uses include improvements in the preparation of polyclonal antibodies (immune
serum) and monoclonal antibodies, including the preparation of human monoclonal antibodies in

animals harboring human immune cells.

As will be evident below, using the invention described herein, by creating an artificial



29 August 2002 FIGURE 8 shows the proliferative response of spleen T cells
ds neasured by level of ganmma interferon secretion in mce immnized with

i nfluenza antigen, with or without adjuvant, using the device of the
present invention. FIGURE 9 shows the ackivation level of spheen Jopells as
measured by |l evel of gamma-interferon secretion in mce inmunized Wwth &
range of a3asnaf nliffck@y I eBmAYM T ol Wrk b AL AN by niddi ﬂ&titngqhgev' ce
of the present 1 nvention, as conpared to the proliferative re?pons 0

spl een célidasailability @f antigen within theziedickythé¢ doteprphennpctobost redponircagnist an ange
of doses of an_ti%ﬁn w th adj ifLgvant. FIl GURE 10 al fo degei cts the proliferative
r esponse 28H8EF @eHevede dfnder didferpabeandiipng for|nattianlag Antigeng AR RKISHRE AR

secreti Pf}eépﬂnﬁc%ﬁbie%‘&%iréﬁﬁg&th ei ther none, 50 pg, 50 ng, or 50 pg

oval bum n;"wthout or w t adj uvant, using the device of the present
invention, as conpared to the proliferative response of spleen cells from
ani mal s i mmuni zed by footpad injection of the sanme doses of antigen with

Ri bis adj uvant. FI GURE 11 SRJEE DERCRIBEIOWOF THEDRAWINGS | gG2a ant i body
response in animals inplanted with 15 devices containing various doses of

H 'V gpl120 peptide antigen, conpared with animals inmunized by foot-pad

i nj ecti OFIAURE 1 BowAdBmE @e@8e &f thabdli ﬂ?maﬁbwiaﬁh théVice of fAePrestAt MROFort he
sanme experinment as depicted in Figure 11 but followi ng a boost, three weeks
aft er t heoveiz Qiday perio after iimplantafiorthuridgeshefskind 2anaomel. of the initi al

i mmuni zation given by the sanme route. Devices inplanted in animals were

rel oaded with antigen. 20 FI GURE 13 conpares the devel opnent of specific

| g&Q2a antpiBedes dgsieds B tanhl)is bt e ARmbAQ aRERIpLISS dells BRIsERIiS tHe TN 286 @yksher
with the device of the preSent invention, With or without R bi or BCG

adj uvant ,aftenninsantwtiort withaukt afhp ettiged prasentrwithan therdewiceh t he sane adj uvants.

FI GURE 14 depicts the specific Ig&a anti body |level in animls immunized

wi th various doses of cytochrome C antigen, either using the device of the

i zat o R B i Rlor PR SADARE AR e PR T apd L0

usi ng serdags afiérlithpiaptsiof inttheabyente®f a8y Mtroduced antigen.

FIGURE 4 shows the effect of introduction of antigen into the device on the numbers of CD3-
positive cells (T cells), CD80-positive cells (B cells), and CD14-positive cells (macrophages as
representative subset of antigen presenting cells) within the device at days 3, 7, and 10 post-

15 implantation. Antigen was introduced into the device on day 4 post-implantation.

FIGURE 5 shows an analysis of the change in expression of CD4 (helper T cells) and CD8
(cytotoxic T cells) positive cells in the spleens of mice ten days after implantation of a device
containing either none or various amounts of influenza antigen, or immunization in the footpad

with antigen plus adjuvant.

20 FIGURE 6 depicts an assay of the proliferative response of spleen cells to influenza antigen from
mice that either had been implanted with a device containing antigen, with or without adjuvant,
or immunized in the foot pad with antigen plus adjuvant. Spleen T cell proliferation is measured

by gamma-interferon production.

FIGURE 7 shows the level of gamma-interferon secretion by T-cells isolated from popliteal

25 lymph nodes of mice immunized in the footpad with influenza antigen plus adjuvant.



29 August 2002 FI GURE 15 shows the level of total Influenza virus-specific
I'gG devel oped after inmunization of mce with either 0.1 pg or 10 p.g of

i nfluenza hemagglutinin protein fragnent (BHA) in the device of the present
invention, w thout adjuvant, conpared withh the same antigen Si‘ﬁ@ﬁ‘s deﬁ” in
the footpad, with R bi adjuvant. FIGURE 16 depicts the resu?ts o% a T celd

activatio I o i muni zed
W th'inf DSBS LI ARIR (e pBh b IDIcb T (TEE Hnk b8 MK R IR
adj uvant , if&rRed Serétiohin hied ipaduriseiwitk aiflvenzaisti@nawith GERithbithdadiaHy a8hg
and al so conpared to imunizatjon with antigen in an inplanted porous

pol yrmer ntherdexicg lotitherppesept issemonwi t hin t he perforated container, as is the
device of the present invention). 1o FIGJURE 17 shows the results of the
above experinment upon in-vitro challenge of spleen cells, frominfluenza

| nmuni zed pIGIGRE MNhbls Y Aidhiesh BRIIcESMebEBYRls hdlessitdd sy eha o?@%h{dﬁﬁkérfér&)‘
e

the response devel oped follow ng inmni zation using the device of
present i sacestiononmiéd BURENIZS! with i cangetofi doses of thesansigen opalbwreim withoui adiueat,um

or csent i HUEBHEARVICES! B BoREn T B VB FSCROHAT o G D PERITURVEIePRongs Of spepels
froma dew i k } j kaf i gen,
1 "Gays. afiograrthal BnfhEREH, OOUETEon Bt HSRnedindd Aok ol 4B Bl

peri pher akdjovamd | ynphocytes from naive nmice are shown. FIGURE 20 shows the

| evel s of stinulatory cytokines in a device of the present invention in the
absence of antigen as conpared to levels in serum 20 FI GURE 21 depicts the

extent of lpfqtrﬁh%' agsyoT?%%ti the :pir&ié%m@res%@?sg ;&‘g@%&ﬁ* i 's%éééﬁ%%y nx@&&%tred

target cellTySis, e 1 nplrant'ed devi e present Inventi

cont & Ni N@arnialid@pEfonetidtoy ArRiceémnamized Wit eichennbhe, 30igRbG ng WrSetpEneous! y
i mmuni zed wi th influenza virus vaccine together with adjuvant. FlIGJRE 22
conpar es oMb wathopeerprisBCokadinant nsiag the dowdce efthe pigpent jiifvention.as

virus-specific lgd i ice | ni.zed W th & he _device of .t esent
vent  on ceBhteaf i 18 BrotiPaltke ot ten Uebl gt pecimlinedubodad
subcut anegysdibn ekt dafiR dbRECIMAL M witRRib GadRfvant. 8 29 August 2002 FI GURE 23
shows the affinity of influenza-specific IgG 1l raised in animals imunized

with the device of the present invention containing influenza virus vaccine

:3 j 38 gﬁ? ' %?Gwl lasr}llog%ltﬁe épem 1r<1,|a12189an 1ggncfg|’, g%%ﬁgcl:)gy }@s;t)or}lsg Pnean\{x%gﬁlixrt]l%la%lte%swith
15 devices containing various doses of HIV gp120 peptide antigen, compared with animals

immunized by foot-pad injection with the same doses of antigen plus adjuvant.

FIGURE 12 shows the same experiment as depicted in Figure 11 but following a boost, three
weeks after the first immunization, with 10% of the amount of the initial immunization given by

the same route. Devices implanted in animals were reloaded with antigen.

20 FIGURE 13 compares the development of specific IgG2a antibodies against the HIV gp120
peptide in animals immunized either with the device of the present invention, with or without

Ribi or BCG adjuvant, and conventional footpad immunization with the same adjuvants.

FIGURE 14 depicts the specific IgG2a antibody level in animals immunized with various doses
of cytochrome C antigen, either using the device of the present invention without adjuvant, or by
25 conventional footpad immunization with the Ribi adjuvant. Circulating IgG2a levels were

detected using serial dilutions of the mouse sera.



FI GURE 24 depicts the survival of mce challenged with influenza virus
after 'i muni zation with the device of the present invention containing

i nfluenza virus vaccine as conpared with mce inmuni zed subcutaneously wth
the vaccine plus adjuvant. FIGURE 25 depi,cts the titer of 59 Ausust 2002

i nfluenza-specific human 1gG anti bodies raised in SCID m ce uang a devi-ce
of the p i i i e)e G I LZat: - Fl. GURE
26 shove! e FP} Hafleve] BFRANEH MR ol AR A e DL  slhli GF
descr i begf infel Wit Eithier 6.135) orcanppstidflaenzameiagglugsinprosRdripmdnt (RHAY LML ar
adm ni stration of antigen. FIGJRE 27 shows the suppression of the I nmune

r esponsed¢xicchdfthe aresent irveptiomnitithgahagipeandmonipared Widly thesage anhgenptose given in

i nyventi Oﬁi tFl w&gﬂﬁs‘%@en%nst rtat es the utility of the device of the present
i nvent i oMerBPPAEmYTIHY 220t PFYHY Mt h pl asmid DNA. “ 1s FI GURE 29-31 denpnstrate
the utility of the device of the present invention for generating an imune
response to a polysaccharide antigen. FIGQURE 32 depicts the utility of the
devisce oFIGURBEpktedepivts thavesnits ofe T oell attivition assap nsingigamena-néqyfenereastthe readout.
hi ghly conserved and . thus. poarly i nogeni ntige cycl ophilin. F] GJRE
33 shows MREWETS mmpizsl iEmuete nlEen Rans edgied oh e Rt PSetd; itk
an i munegg; e | =Tl i { D
DESCRI PR e AT 1 B R o g 40 B i A e o
manmal  aro intfumeaticaspitdnatigen iman amilaged poross pglyarer mapixaoiuahbtepreeui withinthe h
exposes the antigen in a controlled fashion to cells of 29 August 2002

t he i nmuBperferptedepntaimer, @ ithe Agvigshobthe PresstAnvestion) onment i ni cki ng t he
conposition and role of a |ynph node,” and by nmani pul ating the

bi oavail ability of antigen within the device, a robust response can be

i nduced FUBURE 1 BéhodA thed@BultsT tiabdxe Skpdrindmipaein-eiap ehskenga df Bsledhaistls,
regul ated. The device conprises a porous matrix, i.e., a sponge-]|ike

mat eri al frosuinfluaradonpyizsd mice.grittannrelates antisen EB), frshicatiag the speeifinisy of he

i npermeabl e coaf i or.harrier herein referred f ' ... The

per  or at StpeBt ey ABp L EPEN el AP aR b e & SnErRedt TR e
concentrations of inmmune cell secretory products within the device. The
antigen to which an inmune response is to be raised or down regulated is
present IEHRE théepiss theseswdis of g prstein o jos sarem abuntis) difpion desh fromfspenge he
devi ce | i3Sl R ete 52kl e pFQenl ATHGLAD @ robust i mmune response.

15 FIGURE 19 depicts the phenotype of cells extracted from a device of the present invention,

without or with influenza antigen, 4 days after insertion into mice. Values for the same cell types

in peripheral blood lymphocytes from naive mice are shown.

FIGURE 20 shows the levels of stimulatory cytokines in a device of the present invention in the

absence of antigen as compared to levels in serum.

20 FIGURE 21 depicts the extent of cytotoxic T cell elicitation, as measured by influenza-infected
target cell lysis, by the implanted device of the present invention containing influenza virus
vaccine, as compared with animals subcutaneously immunized with influenza virus vaccine

together with adjuvant.

FIGURE 22 compares the humoral response as measured by the level of influenza virus-specific
25 IgG1 in mice immunized with the device of the present invention containing influenza virus

vaccine, with mice immunized subcutaneously with the vaccine plus adjuvant.



iois preferably bioavailable within the matrix of the device about three
days after the device is inserted. This can be achieved by injecting the
antigen into the device around this tine, or by using a device wherein the
matrix conprises a delayed rel ease formog the antigen, whgckyattRip2about

t hree days becones bioavail abl e. For down regul ati ng or suppressing the -

i mune r ; A ek

i gen, G S e Tl Sl e

t he devi cevieefofitte presens invagticandoathining ifineneevimsmaedine dncaniperédnsitiamtenaldher e
the antigen is placed within the device after the device has been

i npl ant edMMYTEZedFIPGUANGONSY BEth 1hE MBeriRRiUs #U8Yahe devi ce transdermal |y
using a syringe and hypoderm c needle, by - identifying the |ocation of the
device, and inserting the needle into the device. The device can be left in
pl ace or RIGURIE Q4 epivistthesuronyl oflthice ahallvagedwtizh offlubhecdgisadiabinemistidnaizh
which will 20 eventually disintegrate within the body, or it can be renoved
aftef it thedeveheithearesent igwaitipn gortanng inflagnza yius vagqnsas campered yubanioent o
a device.at a.later ti i d within the device al one
or with éphéﬂ]lﬁe?asr‘fp?u%ﬁg%gs &3@%@%{" ?gann%ﬁl %gﬁﬁ‘\l@ﬁt s. Preferably, no adjuvant
is used. The present invention offers inprovenents to many forns of

i mrunot her apy, wherein a 25 desirable i mune response is devel oped or

i ncr easedFIGYERIZH dapicterthe ten of milyerzsrapeeific hymantess antibodies esisest inlfIDmiese
response ot th otential to.develop an i e_response.agai nsf. a
par !to i cul ' ‘a}é)?F %fghe Bxépsgg Y gg’éﬁ”ﬂ%ﬂ@@ﬂb‘&{‘@ﬁ%&&?&&ﬂ?&%ese

i ncl ude vaccination, such as vaccinating healthy nmanmal s agai nst particul ar
antigens, and therapeutic vaccination procedures. Bl ockage or suppression
of the i nFiGURE 26 phowe theaffifity eftht seumt antihodiantoanlbealzo art1g30 (andescentiedrinng
the partigul ar__anti gen, suc s a . future transpl ant.recipient,.a mammal

ant i'%i pat aurteéﬁgéo'@ ﬁ‘i&’ééﬂa?tg’ogwsé?‘ls Reiniragnscy agmgﬂ?tmggga‘%ge&evel op an
i mmune response to an exogenous or endogenous antigen, such as in

aut oi nmune di seases. Supptbssion of an i Mmune response can 10 29 August
2002 be UEIEIURE afftshowe ypaappresdien éfthe smmugerespaise by highaanmamisedf antigdn present

al l ergic or anaphyl actic response to an antigen, or one undergoi ng

rej ect i oningrdeyicecf\BePrgsrnt inM§BlHRt hods and devi ces of the present invention
are directed toward all forns of immnity, including cellular, hunoral, and
mucosal inmmunity. 5 The configuration of the device and its nethod of use
si mul at e FIGURE R8clctionsates themetiiyost thé desdeaaf] thepresenmiventibrt fos imapniaation with
particularly a |lynph node. In the body, introduced foreign antigens are
taken up Biﬁ%nﬁrl&%éssed by antigen presenting cells, nmacrophages and
dendritic cells, which enter the |Iynph nodes and present i nmmunogenic

pepti des derived fromthe antigen in a particular conformati on with MHC
ant iilgens FIGURERIpIOdsth@strar thpetlitglof shddeice of thE predehsiny&tbntfor gehdgating an
provides help for B-cells and supports the devel opnent of high affinity
hunor al r EYPBRSEESPESEEP P@OB’&WCM‘%&%@@W th antigen directly (especially
mul tiple-unit antigens or recall antigens) and differentiate into plasna
cells secreting antibodies specific to the inmmunizing antigen. The antigen
present i NBIGERES 2adépitts Hetisiey 6ithe Weviesof thy prbak inveftionfod eGP ki ftesundi ch
coparticipate in the devel opnent of the imune response. The perforated
cont ai ner respenserie athiglly conserved gad thue peatly inainysogenigi antigent, eyclppliiiner whi ch

mai ntains |levels of the antigen and i mune cell secretory products, such as
cytokines, within the device and in proximty of the imune cells wthin
the devi CeIGURE edtoWsahé sty 'of Bl deviceldTehelirbdeHSinPhtRh HHaRRIMInGaER from
the device but permt the free ingress and egress of inmune and other cells
i nt ®20and Daspore to gackmite axtigeasingsvipdle ag@malsnt s of anti gen have been found
to be adequate to induce a robust immune response. 20 The interaction
between the antigen present within the device and the i nmune cells and
costimul atory nol ecul es w thin theeHeMigs PESCRIPPICIPL | M zed to enhance the
devel opment of the inmune response To the antlgen, as well as inparting

| ong-termimunity by producing a population of nmenory cells. Inplantation
of the device of the present, _inventiqgn into the mammalian body initiates
what is 23heeFsterf igvertioniprevidessmsthod ifor mpduingdp A ARFNRAY NSIBRUNCARSPPRIA IR EN
system ar rag . of.el AL E t LAt

mimber of st BERE Sn ip iU AR YRR (0 Rlpch H EUARAIRE el BRets of
popul ati on accumul ates within the device, even in the absence of any
antigen. Wth the bioavailability of antigen in the device at about day
three, and the encountering of the antigen by i Mmune systemcells present
wthin the matrix, the antigen is taken up and processed by antigen 30
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11 29 August 2002 within the device and its concentration remains high, as
do the concentrations of co-stinmulatory factors secreted by the cell

popul ation with the device, nmuch in the sanme fashion as within a | ynph
node. After T |ynphocytes becone prinmed and acti vat ed, theygggg{shme t he
device through the limted nunber of perforations and re-enter e -

ci reul at igmnliieSystbRC BledkamenQiHifsEl &dﬁ%ﬁﬂémtﬁﬂfmi@ﬁﬁ? e édnﬂﬂ)s&ieﬁ afiX RS WEe
of the antigen to”i mmuné systemcells and mai ntaining evels of the

cyt oki nes lgmgh adbdes and by ranpuiatiog sixabipataiabiicy ef oyigey withirothe sitvicepauoisist
response. As will be seen in the exanples bel ow, the device provides a

np
several &fNERE B bﬁﬁ%‘F?%%@“Fﬁfﬂ‘? BRILEFENPT e HREARIRIG prReATSeaRn Qﬁ doviny ne
response r - e L - ,
e’ ot AsfReERte SR ToofB Al porble el | BOE ol IGRIRL pEAEMIBL ARV,
anmount ofcoatafied Wlithid aperforaied ®nt cthervWissithpeomeable ecatinp po bartier, MBfirefefedd to as

descri bed above, in that it can down regul ate or ,suPpre_ss .an existing_or
pot ent i ala dontnshe Thergstnnated contpingr agts efefiffupiop Harres tymaintain high copcentyations

excess ant..gen i f i ific. T | |
Chue ol F o RS BARLEROY ptlublsHin BRORAR, Srrdlandilln BIRARG) (il iffonte
suppr essiih tdYais6€br dvai repBRRANS Preadifl williig tHepRréusmitak of BRRRVRS, dthbesdiad
towards the antigen. 15 Hyperactivation of T cells mediated by addition of

cyt oki nesr@8ercthe devitd is ipsetted undey thergin.| Forlipdycinga rabastammuperesponse; thelantiger

i .the T | s t. ddi t.i I ti i,C .Sti I f t
Srode (P igpterafig sy fariitn e meB R OHEP HEaSe ) thee SR ke i iSaeds o
cel I's andngdelgt TR cof bd E&ié\%ﬁfﬁl}kiiﬂj‘ém@ﬂm_@%n(igenqmo-ﬁhé: 84Vi&d arbliMhishfne, or by

antigen-specific repertoire. e ‘'sel ection of the appropriate concentration
of a par tusingl adevicatwigesin fiermatokicemipriges héelayted releaseifomm of thehetiganpphieb siften 20
of the i ne. response usi a.devi f the present invention wll be
oo or APBHLIHCS Sh% beepimes pa i Elen o fopnare Bi e rup PR 0 LR BrRgse
a_par ti cul gt anhigei AN dad &heidhe 8n tEpdRAISSnAker, iR ANTBRASHEBISRTEYEANd
imnosti!r)rglpgﬁioaﬁlkgg@ls%g’ aor# a g‘gﬁt%cﬁlﬁﬁpanti gerrll %%m be gg;ger m&neﬁ;ﬁlb?nls
_Vvitn® or prefesabiyoproeidbddsthicnthedevice béferasit is infantairerthin tieemiamprabvimdhé instanee
response achi eved by using_the, device of the Qresent i nventi on 25 exceeds

g .Lr {
that achiv&banihe aRHesn is plagrd Pithm the ARviae 386 B dovtaiva dechinytlanied; 219 ptisem cithe
case of I i I %1 ' sis, the
controlle 15@%@5 ﬁ# @Q%Pg?%g{cggﬁayggﬁﬂgﬁl}ggg%/g mﬁf%{d@& %9%%&\ et% ﬁl'g,llgﬁ
co- st i mulidémaifying died locgioni dfthdddvive, shed/ insertiap earesdie dntp tioydeldéceaThe deviogtan be
envi ronnment .for achi eving_a robust immune response, whj is superior to
that - achilgh #bPlcas: TeRmeveL BoBHthabod, b ean be meds fzfglﬂlaéfgfféﬁggawewwm Hiflon
Off 5 _aNhhEt} bitfiudBAD Whnd e BOBPILH i Ao FBAb AR atfer R SEni Hed i@ BHHdqOUS
di sease agents,” such-as viruses: for exanple, I nfluenza, H'V, papillons,
hepati ti seffecyt Amggalcaw be vsintr@bkedintandeviabaeslateh dateeTha anfigen @xdapbeal within
coli, Pseardononas, Shi %el |l a,. syphilis, nycobacteria, Chlarnydia, _ .
ri cket t si e deviprialons erawith anadiveait <y compipitionsal adiuyants| Breforablurmgi adikyanhig
Candi da; Qp.gnd protozoan and multicellular parasites, for exanple,
Schi st osorna, Pl asnodi um Onchocerca, and aneobac. | nmunization also offers
the potential using a therapeutic vaccine to treat an individual already
suffering froman infectious disease. Furthernore, noninfectious diseases
may be pr Elepreseat inventiannféats improveynentairmiaraforms of BuaHneiberapy; ddereingny
antigens, howsver. are poorl.y.i neaeni ¢, and i ni.zation ;has,_not proved
to B8 an SBPORIntEe pasdydeBIoreRer e Bl thH Hiiteh e SRy, el
di seases. af‘eiligtin@Nntmie réipBntSidhd potehtiddhd d¥veldp AiniRinel re¥ponsealaineiSpatieulaot
avail able to increase the inmmune response. In addition, the immune system
of an i ndantigguadn by supatessadtorimockadtrespectivelyt Thesenrladet vageinbtjon, such@sabl e to
produce an | ne, r onse to an antigen that woul d, ot herw se.pr.oduce
obust i nRTHEES PRAEE marmS aeRst Bea Ui 1 ERS: 300 OSTOREIIC VaPRLAION Progefyrehs
of fer t hepRRRENELRIbpredsiin d1ife ﬂx%\shﬁ%&éoﬁs@%mﬁs@wﬁed 10a hivGRdl Iyefre ©
stinmulate a robust 1 mune response ere such a response would not be
possiobl e é&ncounteneg theparticulamantigenasuchraspr fotueel trawsplanSrepjpies si mamofal ddtieipataditne
response {;ra%)falqsﬁo be desirable to freat_ certain conditions, such as
al | er gi esP® B¥POSE! 19,38 34 PrBeR At Bf PEedisposedhio MQBBGP@“%‘HP&?SBP% A1 $XPERIOUS OF
such as f gladob@is ﬁ%gn i ' r NS : j e
t he underl yiogg et?}cl) gyS'i{d%aagQIﬁ\g@%gﬁﬁlgPé g’?%ﬁ%o%%gﬁgﬁggﬁf@@%ﬁé egggg%h
such as type | diabetes, rheumatoid arthritis, nultiple sclerosis, uveitis,
system ¢ | upus erythematosus, nyasthenia gravis, and G aves' disease. By
inplanting in an individual a device of the present invention containing
the suspect anti gen, entry of cells prined to recognize the antigen can be
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13 29 August 2002 spleen cells can be harvested. This procedure offers an
i'nprovenent over current tedi ous and unpredictable nmethod of introducing
the rare antigen directly into the spleen. Furthernore, the need for a
boost i mmnization can be obviated by usg,of the device of%;gﬁ?gggﬁgnt
invention, and, in addition, an inmune response wll be generated nore -

qui ckly. ;A i j (€ [ | ani M -1 he
Genr at | G& P BRESREbAFE OGS, itk as b HMAA S W BlcSaifil By T

i Mmune cetdpdnédfo dnmtipem)duohé amdepfoiy Bjdcdomasa aaisphat. Maleastheds AldodBvides of
device after immunization of an animal with an antigen provided within the
devi ce. The Brepersdeviuntien ewflizgrisd toyeard gl domms of émeraity, inclndingeohidet, bnaoral, and
antibodiesli b%.i Iafting a device of the present invention into an

i ndi vi dudtiCorodittiy " Phe device with antigen, and then harvesting i mune
cells to fromthe device for the production of hybridonmas. The

above- nenti oned pol ycl onal anti bodi es (i nmune serun) and nonocl onal

ant i bodi &hecanfigeration df thedevica gnbys method of usersemulatecthe siradgrengd findtion of

t herapy. | n anather enbpdi nent, huymap nonocl ona ntibodj es can he .
gener at ed®emdyag ﬁ'é‘“g\?{ﬂo tissugypand I‘?é‘%ﬁPE’§I§ ﬁgerPI}\’/B‘ﬁ‘{ei' 3H ﬂ?ﬁ%‘? n‘t“érﬂg\‘w%afogeégper e
conbi ned 'Hgaggﬁ e A OCHQ -
human peralhp era gftt)iikg% gﬂ %%ﬁg J(B:{?%deg? gﬁlgg ﬁn%ycsglgttﬁ] eg](cj&lhl?l’?igé dt?%ﬁ%é SCl Dqﬁgggéé:% bl
wher ei n twidch ententheylymblo cydes ang ppaskettimntunegenic peptidesabarived $ipat thmantgdrein a

i npl antation of a device of the present invention conprisin%ﬁthe desired

anti gen wRrtsplarcopfesmation with MEC angigens to Hrlxapbegyiesa s seciahpiosettodtT ephls (CD4-

b . . ) !
i facy BBt b R Belsnt BB ARHbEFmhe dr Ay BT Reponse.
secrete IBIEs @intinkadt #ihagagansdirdctl@ (stpedialgnaltibleg it andigeds druedadliemtigénd)i ty

of the device of the present invention is in collection of inmne cells
from a mendwliffergntiata inte plasmacelbtiteeration antihodies spechihioghe ingapnigingzntigen. The

S

di ssol vi R@rtidigate oh iH¥RIevEBhmEN, of ShiDin@ AR TEspIL Y. AR peffofdial cualtdiser chRboreaEp! €
by cryopreservation, and reintroduction into the nmanal at a later tine.

Thi 45 can the dpeice meiritains g difSisipsdrantirvarchmaingins lavrlieetibe Aufiganeind imawpe cell

radi ation_therapy..A device of.the present, invention w.ih cont ai ni,nNg
et gen, EERIBg Hrobioln Sieh %8 cokineRo BRR B s BOL I aly e Ry S4
subsequenyiintthe de\avé. CEhePerfotAions RdsBitt She' BN &0 PAREkelhle6iftds Forf TRy @vildtbut
therein cryopreserved. Follow ng radiation therapy, the manmmal can have the
cel | s reinermitdhe éige ingressiané epygepof immeunsiand pther edisiintownd buyefdhadevicauteryhe

i nmune syst I.n_anet her enbadi ment of .this 30 utilit co-stimul at or
factors. <aer amofys BfEen RATCHF<R foneEo ek dtsaR ¢ idsbt ¥ oGt Rirnit 2l
canape i NtEORUEEidnebrddAahs itiges praeht GiEBRER debRe ¥h@td iRimmRIckRs Mddy.n t he
device, before harvesting. In a further enbodinent, inmmne cells collected
from a destinedafrywiodesdlepivtithimtheidgeise is thys gdintiger iotenR@w2 thedevelpmsatiof the

active inmmunization rein the cells.can.be stored and.rhen reintroduced
"ot othe TRlA tespetse 1 nfetings §E1 S BT IoP B pER L whSisihe s

t her apeut h MBI BEh& celi) @ still further enbodinment, cells collected
froma device can be cryopreserved, and at a later tine be exposed to the
antigen (for exanple, a cancer antigen) for ex-vivo propagation of T cells

prior to jntroducti into the body, for adoptive inmmupotheyapy. |n _another
utility o R‘ﬁ’étaBP’éggﬂ‘F dPVige At g Prese HnYeayipE Hite 1 TBTMaER PPt it 1

| MUge Cefelmedt ishirile {ahf%‘éesgei\é'vﬁﬁcﬁ%ér&irg@é?ﬁ%f }hEﬁ&#Jn@@?!t&ﬁ%?é’atlrﬁ@l&H'% tﬁ?i‘drﬁi fan
then prine inmune cells wWithin device, and/or after mgration out of t §
devi ce, chodypsandentertiongh del limitédmdhisdr af pafgativhs. Over thedirtifew dait)an Ribeasiig
cDNA encodi ng a tunor-specific antigen or viral, bacterial, or parasitic
anti gen ~9Bluianpapalasion aecnmylatps yithincthe deviess even in thepgbsopoeipdary anfigen. With the
correspongl . i tl . t r i I i n e [ e
can bet r 2Pl afiicndR e dVcIE AR TR W Auilne En b R0 0 e
protein aimmihgspdtém gellsprosent PhtBincthe siatBs the dnfilzen fshekdAahandpesRsded By antifdn
stimulate i mune cells. The device of the present invention can be

manulact uPEgesingkelln sad presanied tool bimephorytes. otis thetdewian hasilmieriexpoeurs ity theand
shape can_be. varied | o its.configuration-.enabl.es it t.o function in
Che. manne?idedh ivofils Piohafd chninEr dan S o BER UL 1 spHEY Begantd
diffusion barrier for small nol ecules, such as the antigen introduced into
t he device, and cytokines and other factors secreted by immune cells within
‘the device, but pennits the ingress and egress of imune cells into and out
of the device. Thus, passive diffusion of proteins and other snall
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15 29 August 2002 The antigen can be provided in the matrix of the device
directly, referred to herein as the bioavailable or fully bioavail abl e
form or it can be provided in a non-bioavailable form which subsequently
beconmes bi oavail able. Incorporation of the antigen into a 59 Q%u&&b@f that
provi des control | ed-rel ease, sustained-rel ease, or del ayed-Tel'&asé

char act erygtih @ devicelahll 8 lcBncenttftibniE NGRS B, Bs dd\the kondBiratidny csf%,ﬂniu%bﬂﬂe

m croencapsul ation, |iposones, and m crosp er es. Preferably, for the

pur pose dhctetsi smaﬂlbryghmell mb@gn mathtthedé¢vien. maich éstbo rasme n"ashtohn@s avitliigen,

the for Iat nt oavai l abl e in f he device
bbout 1 hry@radgde oA e R RRvs pEResitedand o e Oy Vigee

knewn in Mb% Aitle m{me@ﬁm{lﬁ@rof Bt iR ah r@c&@wh%lr&ﬁﬂld%e ﬂ{u%gfpé ge’v&é om a

pol ymeric mRET i X et he desired 10 shape of the f evi ce, and
an isper wrovigecoaicamfoappitioblihg tbe b)kp@sm‘aroff deantiPer fodmatunersystam deHs amdle
subsequent | y. Alternatlvely a % télarFatrlx of a certaln por05|ty and

g

degree ofMeNEINg rFlse! ewwlwp Rofhieecasany fepdeislopingys robye iguginee,
and then JeQ%ngx 8L WA bl LeAlif thethdpRAbABE e td%mgp;o@gdesarseé&aﬂdr@éss bpe

pol ymer at e sur &Uite to effective orm an I nper neabl e
coating omagﬁmtiaimp;roveﬁliém mm&ddvgoﬁmhﬁmﬁuamhmnemdnmma patiatlagda@ii@nt he
antigen 15 introduced. Increased polynerization of the surface of the
device can al so be effected by surface ultraviol et treatnent if an

| t i ol gt b d h
R e S S A R SR G e
desijgn of co’htéhﬁh%@%r@e gRvinstes (W gaRicuhe aigen ea® mﬂcﬁﬁ'@ﬂ) a@lr@@aéltd Bénneas 86dcAibed
conprising the device can be selected froma w de range of suitable

nat ur al | yaheoe,in thatdf 20 downgsgulite o wpnrm)@smwtmr ppienbaldmeninsdespense, totthe

I t b tibl
Py oxy| aREEDoF SRR ST Ac B 58 At TR PP oR) ISV RO RANE o BHIER s
wi dely avgjelailecelfs! heg elﬁ’dinfaﬁl?% §nti§€ﬁ @;ISéc?f‘icST Ot dHdProdeibiR! “@ﬁ“é(:'n%’l ssﬁ;ﬂfeéglﬁg
copol yner, polylactic acid, polyglycolic acid, polylactide- gl ycol'i de
copol yner thecellllargesponse agkalso thkeddmonl tesparse dancte@m\mrdsrthe 2iges. descri bed

arouka ¢ YRS aRoRal T RauBRREe aE RSO by RS- iRk 1. Medina T, ThAY

enbodi Menfy, s %ﬂ{@gf&uﬁ%l&%ﬂéfﬁ&ﬂ?&& PCefE B RidRFRE] MiilzBhib sﬁﬁ‘ﬁlds WIRA iRk 2

short segnent Iologically conpatible plastic tubing, such as silicone
t ubi ng. | refmnenestae]gl.e, bedor2. aﬁtmanoeegtcanbmdés)tmbnm@empdpmsm afragl$ aunll defetien

of 0.15 c nd an outer anet f 0.2 cmwas fitted w a corre din
o 5 em 30oL B atvattos B BT e} B i e et S AeR GOt RS SHh Sthe | )
ot her exanrQ&aaté D cbREARN AT panﬂeﬁla?&t@égq&tmm@ ngH@étlnﬁ\ﬂa@ﬁﬂonﬁe fRAReRforR

sui tabl e naturally-occurring or synthetic material, such as a plastic or
ot hep pol gfithe imsmnh raporse|ugeighydesive of the psssehti inkaedion ahll bg knowpof gpadilhyl ene,

and com ﬂ%@%@ﬁ%ﬁlgﬁymk Cartiepaithe Tenbnedaiay of apPgeLlrL e earioH tes
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sinmply exeng ary o nge of suita e conposi t1ons ‘usefu

present i dmennihedlbyﬂsw&omm Vivoinidtings knewplrethefartt he preparation of a device
of the present invention, and in keeping with the aforenenti oned desired
characteristics of the device which restricts the diffusion of small

mol ecul esgﬁ&%ﬂeﬁ Nfie ﬂ%yxjoﬁgd PithuRSeHohse Jchﬁv.%@ gg ﬂ?lﬁg atﬂgd&% licgér | nC ention

cells, evi ce ‘can prepare | 'ows. eng

of sisl | CORgcdedbihatachicvable wtlﬁﬁam@aﬁhﬁﬁmﬁiat{bn%&hm@hﬁm \mdllyl, if &igb dsse of
0.0235 inch can be used as the inpervious container of the device of the

present i @pEnals, dreludes thesuse o adjpvanis A # hepratichldmsizi tbhcwtmleg&mgéufmfdh@r mc

dle th h
apr oxi maeSt A A sl o ot B B ReS Tofieasrsr o
punched i ré\h&: ahi»'&itﬂﬂal eIh?&ﬁn&@T&%ﬁn@%ﬁ %%Mﬁ;t Qﬂhh{n@:%sp%ngé“vﬂﬁcﬂé sﬁ&eﬂd}%
characterlstlcs of the device, and a Skl led artisan will be aware of other

par anet er sf,ha.uac}uhvahildby@zchsevéachmmarre obj ectives as set forth above, that
is, to provide unrestricted cellular ingress and egress but to restrict and
confine the diffusion of small nol ecul es, such as cytokines, within the
devi ce. A bi odegradabl e device of the present invention can conprise a
matri x and container of materials




20 known to slowy degrade within the body. Such materials include gelatin,
col I agen, cross-linked collagen, polylactic acid, polylactide-glycolide
copol ymer, and other materials known to the skilled artisan. Thus, a

preferred fully biodegradabl e device forstinulating the i?yg nse
may conprise a bi odegradabl e container, a biodegradable ma rlggwﬁsgﬂg -

bi odegr a : i : i | L4 e
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af t er i nagens,atéhods;vitubes: fmtexanpRnihfiubezac HIV apapdliorhe diepatitis, sytgmiekaloainds, y

bi odegrade_after the useful |ife of the device, about 10 days after )

i npl ant atPebe, anttebigse Packeria: feyrexampletn ol ofiteud prapnass Skige!ly syphibis,faycobacteria,
i nt roduc b ny. of..a n t hods.. & nel udi nyal and aut amat.ed
or ocedur & e hkicRbusThen i S Bl TB1-aRd i Sl ) SR e W e P B SR
10 per Ccend pfféRhn Aid iuRiceDuladpdriied ot dlample, |SchBapend, BRsmYNal, ORcRstelhe
si ze and shape of the device. In accordance with the theoretical

consi der an{l emsolpcoinmaizatiomalag gifens tixopnentishveing aikerppruéic yhcaingto treat an

f i.ons. | it f . ||'s into,.the devi
Whi ch ¢ hdnorzighal APedianttatipE BomeREce ity et T PR G0 Shi by o
become pryeR&ien@BSr irBREd #HPoRRMNunPLAties Ssubh ad fcBr.| Gitidens, hDRRSE:, are

obj ectives nmust be achieved While at the ' sane tine tﬁe perforated device
must contp@brly anoiunegenicabmd inreurdeationdus hetvppbwedoto teem apptapgiare siratkgy for the

co-stinulatory factors su as . cytoki pes produced by the inmmune system
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t ubi ng caystem dfah individinal o patidnt amymet bofuatiimiisg opsmaky to tesatde toeprepicecdne f or

the introduction of a needle or other neans for, |oading .antigen, either
prior to IMEPINgAEsRPRSSA0 ap aaligsadhatavauld etherwiss producs afqbyst immicdespogse Wk be
i npl ante i i i ey I

| onding, AR BelRThExRRAE Bitel HalBp MR EoRRR Y LR R o SRR
pat iient . ipheation td alhidatsiatrébuss ihendRPpdise suhefeaueh afredpofsapoeld ndt be pddiible by
anot her enbodi ment, the device is nade of bi odegradable materials, insofar
as the dePneentignalimgugizetien procedurgs.s useful |ife and not need to be 1s
removed. For stinulating an i nmune response, bioavail able antigen nmay be
present within the device at the tinme of inplantation or preferably

af t er wvar Suphpfesdibt 6f the iimuhb %sgbﬂﬂe Rehy AsdbEdpirable Yo a8aWerthinceaditioNs sadh &

i npl antation. A non-bioavailable formulation of antigen w th del ayed

rel ease ciligrsies ertoprenase patignisdopthe suppsurato dorsigneantigensasuchas for ianspiant.

i npl ant aty ich. rel ea ti : | Nt O Ilx.0f the | ce Aabout
threo. day S RS bR S BRI kb k ABaPRbbE Badoet 1 BRENE S per
and 2b y pe sauedin@@ink an@biRr 8i8edses padichsitPpd Ndiaibt @S eittithatdid ankhfigs inmdfisle REIRERIR]
within the device, along wth | evels of cytokines and other co-stinulatory
nol ecul esuvsis; ssisteanie lupns endhmatesup snyastheniai siabrrad Gaves’ disepss. dsvimpdandmgan

It of t.he. djf ' ' fforded by.th f ted t ai d
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devel opmesim&d todBcdpRize e ariti¥Eh Bsh BEDRARAY0 uAdd g8 AY6REsis, ahd Belifitdd H#6thaRk
of bi odegradable materials as descri bed above,. can be renoved by a sinple

sur gi cal prverediystema fRlininationhefprogenitev adigen-spetafic celts danmpetmio the 1@entrarsplang
after about,. 10 days, the imune, cell popul ati on has egressed fromthe
devi%ée an%‘tﬁofe’%a’%geqso‘ﬁﬁlé‘?“tfﬂ?‘F&‘t"F‘onal . On the other hand, the device can be
refilled with antigen at a |ater date in order to boost the i mune 30
response. 18 29 August 2002 As descri bed above, to achieve the desired
sti nul at i Burther utliggsrofsiss mrasenf inviatiomninciode immpoaaents imthetgeneragorodf goiyclonal

bi oavail abi | ity of the antigen within the matrix of the device s

i npor t ant 2ntibedics Gmaameseri) 256 maneclonalantibedips in lakorgtory paimals and Qitaining the
anti gen. . r rat | f i y.. ki i Nt i gen
oresant alSIRERSHRL of fuddSo BARGARA. B obafbodiinds Prpgh e Puedll D2
polyclonal (immune serum) and monoclonal antibodies against an antigen available only in
30 minute quantities can be performed by the device of the present invention. The device can be

provided with a small amount of the rare antigen, in order to immunize the animal, after which



5 the imune response to the antigen. Also, in general, a small anount of
antigen fully bioavail able about three days after inplantation of the
device will have the effect of stinulating the i mune response. These
conditions may be varied w thout detractjgng fromthe util i?@’Aﬁ’éxs{i%Z

i nvention, depending on the characteristics of the particul'ar antigen te be

used in ¢JeneaYd &8 be Hakvestéd! TRE pAodei SRS dn ASHraPderk BvaHEeAt £®us and
i mrunogenicity of the particular antigen, by standard in 10 vitro or in

vi vo met trpdslictatie negtodrafiinteodubieg dipprappantigee directlyemta the ispleerof Fatitengere, the
achieve the desired effect. The net hod,of use.of the deyice of the present
i nvent i Oppeg(gqr sharaygtioncanhe gbyiagd 8%85‘? ﬂﬂ’g‘ﬁéle?”ég Bg*@é’ﬁt‘%mdﬁv%rﬁ’coing@ﬂ’i s
i nt ended; t.q4¥ih6! 8 hRQR [Walghy fb'%gﬁm i k1 @n apelgtole : t
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t e i nmune response agai nst a specific antjgen using the aforenentioned

met hod afrabedirperieimmyng ¢edls fydhewpiogyctinng hybddemas carbedigrvegied fiom thecdeyiogi ce)

| navced fi5: TRELpER A el SetEN i AP BRR BRI Mvh s Ahce HhT Y e oy

ection nmeyo Reuse@ tPpeneedié Alrhen Monddlemd] atitwdids, by énplaniiny Ladvicdsfithe pieperdf
after transplant, s provided a device of the present inventjion containing
donor aninvgion iGerserindividsaldloafivashe deviceavith antigeapand then haryesting dgmumeicolls of
t he i mupe response.ipclude: .trapnsplantation, Jin which it i.s desirable to
tol 51 zoromans Borg: fohPegresedh S BBk PRt -dsieredr Be SR Prfiche
respons ep%uhé e laRdl BdhodIBndl RRKIAG  cad bBdd for AtizAbIITWAGC HsSHRR Shagln}
which tolerization'to autoantigens is desirable to down 25 regul ate

pat hogenaml/or therhpys Inrmtotheptmbodament, heméromonedlonalahtibodiesndbe gehanted usingh
endogenoys .antigens, such as .collagen.,in rheumatoid arthritjis;. di ahe , In
whi oh 1 ¢ e ¢ Ree PFRR pessr TemUPT VRO HRERI § toVEtH armpied GmiadeRbiensy GRID) and
nyast henpa,Qr 8y i folISwiiiptitelidlel SEE hGABn P& At SRy B haRdshre thib iRk
response algljal'?\%lt tﬁe a}é\‘gtpyl ghol I ne receptgr.ﬁ Furt her rr%’PrHB é]etsﬁes I nmJJne l

r espons e a 8612 monka vaeran tiedsingnl lpnghesytea pdpalatethg nwirine amtrivoa system. Befter
treated by taolerizing or desensitizing. 30 the patjent .to the al].ergen by

| hduct ng TABRRER & 4 Ghvithe! Frrieen Lo PRI ORI BS Paed RRUESRTEHER Fooponse.
Exanpl es rQ [ okl k hi%Eginl [ :
tho. br oo thopv e st e Al e IR it hirt Sl B IR A5 h0athec
i ncl ude whiepoaidediunandylyaipghecgescellsRich caankblerpod ssed to pyeparaihybtiiemas which
caused by urushioi- podjfied peptides, The foll owi ng exanpl es are presented
in or der SEEthBBay gntibpdies pgaingt Shecdashed HiigERr red enbodi ments of the

i nvention. They should in no way be construed, however, as limting the
broad scope of the invention. EXAMPLE 1 An exanpl e of the device of the

pr esent iAnfugthérnityabthpdeyia¢ efthe prasgntan@nber v inavijedtionfof sinhiuae pelld fudrnrag
wth an internal dianeter of 0.15 cm and o rodi grreter of 0.2 cm_ fitted
with 2. 5mamma)key lateq rrantrodyetion gtathy manupaly, e@@icm e vt drogp s glsvicriar

devi ce i o) ' Qi1 G t £ huf | i ne
R e L R N B L D S A
anest het ifisacthebblly By eistdving Thepdigmetnatvia ssubb&diehestotabiée o£1lb calld) f&r @i isal
mdline incision on day 1. In sone animals, 50 pl of 1 ng/m influenza

anti gen CHODSEFFRIDN, And eintoguctionigtathe mapunalat pJafeetime. Thisean e particularly

obt gi ned fr nry Schejn. .Melvi,ll e : .ot rodyced. in t he device on
oy 25" po b TSt BRmpRE e o R KR bR g ek Sttt The
ski n neafinvefifon, Wttt %tﬁﬁ\&%Qﬁi@%@céd%n%ﬂé@&@ﬁaﬁ%ﬁedtfhﬁsd%@@d ®nldayH one
end of the device. Using a hypoderm c needle, fluid was aspirated fromthe
i npl ant edndjsubisequently e dsuiich opfts Eontentsrimmayied and thiagalls 2ontained thezginl 9

post - i npl ant ati on then cells. in the fluids were conbined, 2 she
Bind count BRPFEAE Y EHo bR g FglArion theriey, 4 RIS % BYEQHF I ROIBOTHSEE i e
provi ded pgj ,m&mg&ﬁg ceﬁshﬁnqeédnsﬂ%%@_imaﬁn@%.t $h drlcBtfer @MhbH@neht 8P his
peaked on day 7. By day 9, the decreasing nunber of cells in the device
i ndBeat etitityato-sthkatdri fitctdra suaki agrextokihes mthicht induckethe peoliferatome Dirahumegcetisit

of the devicge.and int.o the periphery. Wen jnf]uenza antigen s.added to
Che. devi 8 Bnnigyuosd B it fcaPaorbive thaeldisels sroghe 5y BEEE | n t he
devi ce OmaARY; .Hﬁﬁtmﬁﬁer'emoaﬂﬁﬁﬁ,' iR BEYS [dted i '&%8«‘@ ovided vAHPantids
conpared to 60,000 cells 1 n devices wthout antigen. %’hus, lhe presence of

antigen within the device augnented the recruitnent of cells into the
device and/or triggered proliferation of cells within the device. EXAMPLE 2




20 29 August 2002 The nunbers and phenotypes of cells present in the device
w t hout added antigen were determned in this experinent, using BALB/c

m ce. At four days post-inplantation of a device as described in Exanple 1,
the cells fromeach of five animals werejaspirated from thg gdgyicos?

conbi ned, washed and di vided into several tubes. Fluorescein -

I sot hi ocyanRhided R am&ﬁ%ﬁﬁ@ﬁﬂdﬁ hbRREIhe e MPERC Osickbd ﬁﬂith@r?ﬂa'uﬁ%d%@&?ﬂnfd c
to the follow ng markers ( CD14, CD45B220, CDl1 | b, CD40, CD80

CD86, CDB2Ran@da2fer, CDSexample, Iafmdysewé cheraetterdpy andthezfthenpermmmmdmdno dn a

30-45 mn s, at e washed.and the orretr of, t he
fl uorescséﬁ‘tc “&8&%4‘?% mbﬁelbsl C@%@?‘f&ﬂﬁt%&"“ﬁo‘?ngg FeENe ’taﬂg‘?1 Eé?é’é’?:eence
of peri p&t%x?oséd RQke tﬁﬂg&hqr&tessntreommwsmgeﬁmee@vp«orpr&;ﬁ B

array of specific antibodies was . o determned, and the results eac
ant isbodytoanjpodissien iras tlnmlmt)q;ef(treamptlmrrmamthemapfy uorescence of the ceI | s
fromthe device over that of peripheral blood | ynphocytes. Figure 2
presents the phenotype of cells extracted from device 4 days

post -i nsgrti Qr atd : l.at i .QR..0 . , i
acr ophage i R heBa ifRatti i decion he Uiy @ il iRl colgyyigin
CD1 |c, fBedssict willtened DBRY trantcddminhme(cellasan then pitde irfiddhE2e13, wifthn E&4cd, b)
in hi gh densu;tfg{/'F were evident in the device., EXAMPLE 3 The changes in the

cel | pop%ﬂdé‘tr r wigration pHkoidhe device 63 Pime dmminecalisin distal gtaans ¢ Forexample,
|
?\r{rgl ;ﬁt At BH %Ves tﬁ]{]‘g ?Mhﬁ%ml&%rt {2)%01?%\558 gerfatgr \91‘1}1/ %a(;ienali oar ep%gasgt{chan%g?rhe

devipce. &6l Besplasaaiwiais thd d@ire] @ith ©2 Svifhai tﬁBE@ﬂesZﬁndhﬂg brov@n ﬁgnaMgeﬁl tine
poi nt were conbi ned, and the density of cells bearing CD3

CD 11 c, presumBiRg BRlOentening o dedicerparkls Banstactedawitle i geeed snhﬂeqwlmgxmw@m
procedure described i,n Ex exnressi t V cent ncrease
over per PHIEEPRFOERSBY ni"ﬁ’ﬁ%ﬁ%éﬁ}?%’sphﬁ ﬁﬁ?%‘qﬁi“ég b?—‘ﬁ'g eée %ﬁ”d(t@“‘t‘ﬁlé‘ Hensi ty
of the epwpBratad. cell phenotypes at days 3, 7, and 10 post 25 _

i npl antation. For all markers, enrichment of the cell type in the device
was apparent at days 3 and 7, and by day 10, the population had mgrated
out of t evi ce. EXAMPLE 4 21 29 Au t 2002 In a econ [ nt set
b exact 1° RS SHbE ABSOB myeiFioh ot Be BHE BT BROHSIEENE o Rrld s

at gay 2aROmk srzmah@@tfge' A be%n&f‘%!ﬁ%rhs Fﬂs%ﬁﬁ%&‘m ﬁ:telaste@ﬁ% Yurefior irCgk | S

and antigen presenting was further augnmented by
the pr esmanneraiesrmuedg:emm rAt thacxmlmdr abeye,dmglddvice rbremdgsr a(iffusion bamitr for small

persi stence of these three cell . _The addition of, antigen
ey havemoElsgeticr fe depn ol ioaint e and SR et freder
E3~AVPLEs & rehBe bl isilndhe 8l L ithinfnd dfeaﬂtémt,@tﬂeﬁrm@thetlhemstea\m ©BreBy SMirhhRheWelld)
i nfluenza anti gen was eval uated by neasuring the change iR expr essi on of
CD4 and @D8afld owddfstherevice. Thhwpawsivefdiffapomnf e@team andlother Mpat oupdecalkes is

descri bed abqve were foI and. the T-cell phenot s were determned b
O Y R R M G S d S A

Pg i nf | URBBAIMARE e vicedBY Sof¥etikat lﬁpérasﬁ ﬁta 9 8maf his xﬁqnésmtﬁcﬁ?te?tﬂer{umm
the ani mal's 10 ddys post-i muni zation 2 days post-i1nplantation). Spleen
cel I's weifaequinddatarbdiasientd fromeaashbrtg;egrhmtsﬁlmﬁnw hielogizelly-irteet plastig utsngjes
of glass slides. The cells were washed with PBS and red bl ood cells were
depl et ed SN a5 siicone &bingc LBapPPIeRs PHYREHMERTY, 1-py 3Sonsgfike mafesiahigdittedapio BAd

cD8 fl d t
@ cont r o o ahe R el O mel RO 6 AN, A R PR RS ar

whi gh M eeadedrite thanvelld efiheititiing. Neasations &mwnmnm‘er,lsni;ieumme aﬂ&teg:efforaﬂoxtdte
foot pad, together with Ri bi adjuvant R-700, an enul sion containi ng

rmonophos groVihin theseepa of the isyentieat (Therpbgen endednisedppehindhs form of mwmn or

blen’ 10 SUrensiph 8F et ol PR PGS Aoty o eron o iBe HEK 00>
from spl @gfin C%S\tdnafa@turén&enﬁee%ﬁﬁtoqﬂemtﬁk Tchﬁexdtﬁi/dt{gﬁ o%éﬂdtBﬁtﬁ‘éjtubﬁ{gro@ﬁ%Sﬁ'gh

density of nol'ecul es follow ng | oading of the device with

i nf | uenzheweall géthe tibigliteeldl s of cytotoxic T cells (CD8) in the spleens
fromanimals i nmuni zed by conventional nethods with 50 pg antigen plus
adj uvant was equivalent to that induced by 10 25 Irg of antigen in the
device of the present invention. Furthernore, the-device w thout antigen
al so




showed, an expansion of CD8 cells in the spleen, as a result of the sterile
i nfl ammati on i nduced by the device. It is noteworthy that in aninals

i npl anted with devices of the present invention provided with 50 pg of
antigen (the sanme anount as that inoculated via footpad wt dj uv. in
the control animals) showed a | oss of CDB‘(?ceI | s expression ’ﬁ@dg‘fdﬁ‘ét@;&eem
One explanation is 30 that adm nistratjon.of a,high dpse of, antigen into
the devi C&2BUERT G ?PraiS’SF)‘? H‘sr%‘g"&%“’éﬂ{‘i%agﬁvme digpedly, T %&3&05%?6‘2‘ 633%%. fic
cells. E’b‘?éatv??:«l{blé’%r pm? 534VaRRBL Yors], bPNGas b PRk HiSd Y nbR¥bRoabdi RS REFRE, YRich
trigger aru e efrect and 1ts end result was elimnation of the entire
CD4+CD8+ stibseqlidrlyf bewonep bmewailablet Hecdrperat @dofithe entigbhiiigto hdsmayatidncthbti praviden
the desired down regul ation of the i ne response in jinstances in which an
i mune r opEpil-feleade’ S}lﬁt@'@r:%fdgéseergﬂmwFﬁi-rql?%%fmrmnS_f%i BEpitahie; sypfprocesses
explanat i gg fér?&ul&t‘i‘c%s' c’aﬁﬁ&%&@%ﬂ&’eh&%%ﬂﬁb{%ﬁfnphé&%a' zﬁﬂ%f&?ospﬁérgﬂ B BR AT ,'fﬁxe
of vthe present Tnvention is presuned to bé that the anount of anti gen 't hat
actual | y th¢ purpese éft stivhdlatingngehindredtass the immuasiespinsé @l the whtigen| hiedeinmnedf t he
antigen at a peripheral site is many logs less than is given in the

i mTuni zatandgen egmestiravailablgyithiadBe nagix efithe deviceabent thisedgys ater dmplagation.
the present. invention for . .evok] osLtive i mune response is expected to
be subst%ﬁaiéllel@e%%\g)mﬂﬁlg@,al&%%&s@éé#al | ogs | ower) than the dose
utilized in conventional imunization. EXAMPLE 6 The strength of the imune
response to influenza antigen provided in the device of the present .

i nvent i orinaasther embodiswnt sidayice ey ke prgpared frgrramelymerer hatrigrmasyrial ph therdegired
cells as mar ker . mra-interferon.secretion i.s,one of the principal
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i npl ant e?ﬁ%&letsﬁbg%ﬂeggg egrgr ilbe%l’ gﬂbo%;%a1 amnd 5 ug infll ger?zg}nvacciglr\]ég was

provi ded abssBnkiag<sapbs texinnjedantietdesined SHape oftht deMicey pudithendise dxterionteed iwith

the footpad with 50 ug antige l.us Ri bi adjuvapt. Ten da .

post - A 228 Grfortlg et s ot P Sirie B AeTe iirotuels famuibl e,
pl at ed, GRS botifiel REQ b doRiinBASHUBH SR RPfofaddHMdihd anti
(Endogenfiﬂ’g)fet er Obggttﬁ{ °F§W%‘néwi th é) r%nge %&#u anti gen pI%e\c/’el sd%?‘l. 4 ?I})lglego
pg/ ms) . HFingodwced. Sharesset palymenmativnzetthosurfate ofthe devicmtan aldotte effentgpd dytsurfece
in a device of the present invention produced the sa evel of T-cell

acti vat i oHirpyieletdeatmgpt if 356‘1%@”‘{’1 tfafag}%mo?xmrhs mﬁﬁ@gﬁ@mme% PravidEdt pad.
Thus, a ' o Hh SV, s : l,uvant
using ¢ n R AR AEBIR AR AUl 8 el e 8% TR,
amount of sufablarde gervitilthe agaementionté pfapenies.secretion from T-cel I s derived
fromthe popliteal |ynph nodes fromthe sane ani mals was eval uated, after
exposure of the isolated T cells to a simlar range of antigen
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i n tdoe footsyntrtis@smpotitiass. rinlons emasdinteat, the mdymedndtrinwas p¢ @biodoglealigl | s
fromani mal s i pmuni zed using the device of the present invention (conpare
to Fi gur ecwypatirie materighich s By dnoyypted mobdinyh pestate oA BOHRE TBAIIY isplyyrgthane,
footpad a . S ct . i . r I

thi s resul Repar ety aEIBRY el RSB RD e PR ot bRt
i nvent i onpé§lgtache aéi&,eﬁol?ﬁly@cﬂmhmﬁ palylRbidelyicoias @pb K iRetHHagdnt foss-liiked need
for adjuvant. In a further evaluation, the cell population remaining in a
devi ce (hesliaggntredrgahativi ded with antigen at day 3) 10 days after

i npl antation was assessed for gamma-interferon secretion in response to
exposure to antigen. Figure 8 shows that a very |low |evel of _

ganmgi nt epsQeited ab86E, ALIAEYihE a pEFHARIAD UL BtheRvisdimfehhSabldedri@ntg oNigaround
influenza antigen in conparison to to the | evel of response recorded with
spl een cekiepoliFhesmattudan b aphipes tyhaty rtumdeeéf raednsr Ivend embmdiment, fggments of

S TS T % 5 e 5 Sk il Sl

depl et ed. ¢f:Qur, i C cehles. .
phenot ypeu@rug%\sgﬁ/%scgﬂg?/&ég@g% g‘né]%i%a& g’h? ?rsnﬁ%é%h]?gé‘?g%???@%‘ﬁ @l%(l)#alt hei r
egr ess t o didnetgrasfiphiemland aganer didmetXAVPREm/was fitted with a corresponding 2.5-cm

30 segment of pre-wetted hydroxylated polyvinyl acetate matrix. In other examples, the barrier or



In a further experiment ainmed at exam ning specifically the strength of the
i mune response to the antigen induced by the device of the present
invention, following inplantation and | oading the device with antigen, a
spleen cell proliferation assay was perfo d. The same proj0

described in the.previous exanpl es was foF?gmed. The antiggﬁlﬁﬁwwﬁﬁgz -

et S0 oval oo otk . . ! < of
oval bum n P A0 HEHPIER By PE AgESHaREN SRhelh PR ARG E?
foot pad i @i&??b%éﬂ dubh byl pelliRermYoLRE-lifkedadlia@R1) po Rk ihs1eRe iiliasHe Mastresid en

days post-inplantation, the mce were euthanized and the spleens were
removed. Aolysvirérfeeacryiiorsiaspdyvinalpygelidang, and cogbigdtionpphthese matgoialsu fiheed

t housand spl een .cel | s.per | 1.2 ? ased to, .18Q | Cg/nl ~anti for 72
hour s at ST AIRGF itk e STaC 1 Bheesd oiR Tioat Hovt C R Thssh s
used. s Aft @i&niﬁﬁgefﬁﬁﬁgé Se @%gé@sﬁma@mttwﬂangé SBupbib SoMBb oM SR thé
hours with 3HThymdi ne, and i ncorporation of |abel was neasured and

expr essed pasert iavémiohat i on. i ndex. 24 29 August 2002 _ Figure 9 shows

t hat i nmuni zati on of mice using the device provided with ovai bumin resulted
in a robust antigen-specific spleen cell proliferative response. A response
was det ect ' I ' i itk | - ] i o
B B L
produced aviff thk iaf@ematntioned esspred skaractbystias obthe devick ogichhiegliers tantiffyeion of
concentration. Negligible levels of stinmulation to control (Epstein-Barr

virus) antmgdmmelaeitles em thadoxicr buhperamis dha ingress #d cares o6 immyna eclls 8 gevisecan
. o anl S t . il
ovet " RSl RRL biouel AP 1S R e SRy SO YL PO PSs

i nventi on g4 70 chReh8aadivd 411D.6335R8ch &R bRGised4s thE iiferOioat Borthiher 6f thB86vice of
alone in the device, with BCG adjuvant in the device, or via footpad with

Ri bi adj utthepresertt énvBa® (. Bdeles ¢aa be roardallyrpunahedudth 130 gatige hynodermieueedle
t hese experi ne , The 'R Ls a freeze-drjied ensj of .
L emuat P afong e wil o RS iR piigh MatiS AL bR p R Eln AR afit 1792 of an inch
Labor at or ijg gjauididrt @tvdn®f hdiésaadraBRhcHRY i BleQUBIRERThébe Patathelrs Eo0e Bhiy A guide

bl adder. Ten days after inmunization, si)l een cells were harvested and =
exposed t do thar dhamestasisticssnfithedavines and a sitledyastisanwil]l hepwieg®ofefhat pargmeters witieh

sanme range of a.control antigen, Epstein-Barp virus, i.n vitro. After. a.

72 hour T edgabieq e e BBierepis sRhToh Ape el tr o e il Hinst st s Tbiafipgress
and the inggr s%inqe r&ridt aRELorHR RS &ieMsiBR ofsphll MYIRhie8NsutAAS ¥y RRFeH SAhAS
a nmeasure o cell stinmulation and proliferation. Figure 10 shows that a
robust antthgdevispecific T-cell response froml|ow doses of antigen can be

achi eved using the device of the present invention. Negligible | evels of
stinulation were

A biodegradable device of the present invention can comprise a matrix and container of materials
20 known to slowly degrade within the body. Such materials include gelatin, collagen, cross-linked
collagen, polylactic acid, polylactide-glycolide copolymer, and other materials known to the
skilled artisan. Thus, a preferred fully biodegradable device for stimulating the immune response
may comprise a biodegradable container, a biodegradable matrix, and a biodegradable, delayed
release formulation of antigen contained within the matrix. The latter formulation releases the
25 antigen at about three days after implantation; the matrix and the container begin to significantly

biodegrade after the useful life of the device, about 10 days after implantation.

The perforations in the container of the device may be introduced by any of a number of
methods, including manual and automated procedures. A smail number of perforations are
optimal, preferably around 10 per centimeter of tubing, although this will depend somewhat on

30 the size and shape of the device. In accordance with the theoretical considerations provided



detected after spleen cells were exposed to the control antigen, indicating
further that the 20 response was specific to the i mmunogen. EXAMPLE 8 The
anti gen-specific anti body response against H 'V gpl20 peptide (residues

315- 322, RI QRGPCRAFVTI &K} antigen was asgessed after | oadi QQAW é@é\/ doses
into the devices of the present invention. BALB/c mce weré& i i2 -

ei ther Wgbdye B Bevofage ?érf&hiticfr@@i Asbrmy¥ichity B Phmdie S@iedV ek intditlid\devddel OUS
doses of H V peptide. Blood was collected 10 days foll ow ng i mmuni zati on,
and ant i sdush thien eomagmtersact i the patiges andso-siimelatory owlecBles to beopmel paimeed, t he
ani mal s werﬁ1 boosted. wi t h % of the f‘"‘ﬁ?t %f i.he i ni iall.i munogen, and a
second bPRBRIRAS PSERY 581G L 10 RFADET FelfSe r P OPISHXTSHPHSL DR SRhigYedanhiT R dle
titer.  g29e Ath MG PetfordRBdcbiRe ElvsDOONAR atBRBintfn TRARWEE! R §8MRe SREEN  dnd
subcl ass Ig&a anti body, and was conducted according to a routine

pr ocedur eo-sBrivddtbyy, faptosrsuth aecytpkinesyodeed by tetisunuwetsystemecHnwityarth¢ dejter )
i " phosphat e-buffered saline, for 16 hr, t. 4C The plates were washed (50
i Tt o pisbleraEoer 2 pige BRSSPl pChieie (hrS e & TRSERGLIR (hg CHumHIes
(5% BSA i . 9 i = : S.
The pl at égiong. eﬂl\r}gg H%(tja}] gngﬁﬁgﬂeﬁ%&&s{g? ﬂé@?gnﬂ% Flleés rngengé%@gmggh%%gdm tpés

st arti ng tibiagcdn bOledi dpsh t@actan gerdforatibg; ackvéllisarrevtpticlSfor dheingbésion Biie
sanples are tested in duplicate. Following 1 hr of incubation at room

t enper at ueedle phethsr gears far badingratiges cibs PEOLIRdMBiagtation|os seeduent tonpuse
IgG%(g antii Bg%gan% lution (1 pg/m) is added to the wells. Follow ng 1-hour

i hcubat i OnPY ext ensi ve washes as above, streptavidin-conjugated

hor seradi sh t0 peroxi dase, diluted to 1:4000 in bl ocking buffer, is added

to the wells. Follow ng 30 mnutes incubation at roomtenperature,

subst r at elhieglesivgesan be doplanigd bt a giitabla sitgwp theyhodudiers epsy of Misertiph.antigerar e

i ncubated for 30 .,m nutes. Addin 0 . lwell .of N 4.stops .t .
Feact | on oxiiie, TR Ein bE rengpfighedoy Limaitel fsaaiBr v e A0 o K suilaso
nm 15 Figiehl n&hiaWirtidito ey @lpe? hrnd PRCInbIer anbdditde, e dbélde RaRkdsy | g&2a
and indicates that follow ng a'single immunization using the device of the
present itiedegtidable matstialgripsodartas gendepeoritlidegrade afterdts useliyGite)and nothéedito dd,
wher eas no resd)onse was elicited by a singly footpad i mmuni zation foll ow ng
a cohvent'PHA% pr ot ocol . Fol | owi ng  a second i mmuni zati on (boost) in the

f oot pad, an anti body response was generated in animals inmunized

conventionally, but the animals initially 20 i nmuni zed using the device of
t he pr esdhur stimnéatirigem imnding hespohseo bioawailabictahtidddmay be¢ presant ivighivethe dewee at the

adm nistered wthin the devjc showed, in¢reased 1 g&Ra | evel s, and still a
si gni fi cdpe 9%%? antation ok ?’Ff@?%h%gef&@% HATEBYRS, ‘Bﬁﬁ?‘g‘%‘s P %fla‘sly(agf’b&ﬂ“éee 12).
EXAVPLE 93,T8656f nfRhniiordi A hek-8l¥avAtinl RRASaiESo EHBLHANAH deRysdRILesS Ul ting
. imune responses dgenerated 25 fromimuni zation with the device of the
present ichaetdrsiicconapbe presaittimthealeyeati tha fimefof anphdtatiomwhichaticases aliged/ ¢
mce were | nized with ejther the devicge or via.footpad, with the HV
gp12 pep‘PF({ngg(’%mf‘l‘? thﬁrdéﬁcﬁﬁgouéﬂgﬁ’fﬁ&sa; r {nplatgaiiony aboytileee 4p¥snd or
with R bi : ' [ ' j .
R e e e S A R e S S e
det er m netlie H6videydompwith levelsnif zgtokinmes awdothdrl cBAtimul&6ry rg&2enlesndetietadyfrom these

specific for the gp 120 peptide antigen was gerformed as described in the
prior exabfysand maintamed yithinyihs devigp 2s a result of the diffusion barrier afforded by the

perforated container, and the subsequent introduction of antigen into the device initiates the

25 development of an optimal immune response.

The device, if not constructed of biodegradable materials as described above, can be removed by
a simple surgical procedure after it has achieved its desired function. Generally, after about 10
days, the immune cell population has egressed from the device and it is no longer functional. On

the other hand, the device can be refilled with antigen at a later date in order to boost the immune

30 response.



Conventional immunization with R bi or BCG adjuvants produced a | ow | evel

of peptide-specific Ig&a (Figure 13). In contrast, inmmunization using the
device of the present invention wthout adjuvant (SO ng peptide) produced a
mar kedly high | evel of peptide-specific jgG&a. The peptidesg gug&@?@)@ati on
with the either adjuvant (R bi or BCG produced a | ow response. These data
i mply t hats AddiitdaoBo, 1@ aHdlie NEMsirb @ stifulMiSrEGBpPles QB o fiHel iHRinE réskioﬂ}.g us
results in depression of the inmune response. It Is possible that i n order
t 0 denopnslie Aingng dfdhabidatailabilitf 6&the antiges ywithirgthermatfix ad thexdevicedm dnportangend is

i mmuni zation protocols should bﬁ@t ested at | ower rangajs gﬂ:ﬁower t han,

fent ograrﬁ*l"*ﬁ‘%ﬂ§§§l orphe gharpcienstiss ofbe Patisulap BB o M 8FCF 3t # Binge eAmcairativa st s

Simlar r , ' i '

Vi rus. gl v PlsReltEb A Aot aRs Sty TRERERb AR Bpyd A8 HELRRSRIGE,
10 19 a fine irh@iiné RSoned td the astigeRn giléo, if gdnbrl iymdlbdmowmmeiantiggpange i nduced
by an antigen present in the device of the present invention, BALB/c mce

wer e i nplbigavatlable aboug thyeedayswfipcimplgtationod thedayiaeiyillhaya fhe ¢ffactef stinaating

vari ous ses of cytochrone C .As contral s.. £l ous s of the t5 s
ant | gen s Enmihy frRer Aoty corp s Vo8 Vs lebBiGis R R Bkl 3R e
Ten days ip@sition"®pemifd biP theQharlabiRristiy of BRYartiirRadgdn@Weé Rk flthe dBGice. The
animals were bled and an ELI SA performed on serumfor | gQ&a that

speci fi cakilledrastisagwilt bs abledo assessghaimmumagenigity of thermartéduldrl aatiger bystandard in
followed i,n the previQug ex | e,. except that the ELI.SA s. perforned on
Sor 101 Givitie B LT Mefhede g MEer R E A9 Pate CORSHTIaSN of BRiLPa SURBVEE hat

a very 5t<fe€i'?9d§ g¢i fic hunoral imune response to the antigen was achieved
with very [ow doses of antigen used in the device of the present invention.
As |l ow as 50 fentograns of antigen in the device yielded an anti body
response simlar to that achieved by conventjonal footpad plus adj H}\;ant

e. 25

i muni zatThsrimeded gt wery thedsvisee! thePreseatisxguioprioneniiapeipg op sumHGHNE

EXAMPLE 1 i of a. v f; I tred
asing as DREHEASHERARER ARy 2 MURAT, ARG kR e LT S

| nf | uenzaymphbéyss, (Hat @emobsmgdiestiveininaRtregpense sfaifStiNe. antig@iPusdddnsiie 2002
BALB/c m ce were immuni zed using the device of the present invention with
0.1!'pg arf¥Vi®- pg doses, provided in the device 3 days post-inplantation.
Control mce were i munized wth the sane anmount of antigen subcutaneously
at the base of the tail, with R bi adjuvant. The m ce were bled on day 7,
14, 21 angis2dhadiess bbjebienifzing presendiitfeivnktb dSAnregflae Medingnuid @ ssase agdingt a
antigen-specific total 1gG antibody. As shown in Figure 15, a strong

hunor al rspspidiesatigensusing the ategemgntionediaethod apdydevies. gan incoggeatinghigh deses of an
concentration_of -specific anti i o) :

post - i mmarf’itlz’(’g?ill(l)hh%ﬁ/}'lcgz% S icgltésd‘gx 3%!“%3}"? ce‘ﬁ%’o%\ﬁ%?ff fg%nna A%;S)trh Stagté WY Ple

adj uvant igahitdd toadldapd ayepteye| Caditedk isgeusPRet hild GaltplilL Ajectioap@yte at the
second week, increasing its level 3 and 4 weeks post 1 o inmunization. The
| evel of mBEMenspele of ir@atagm ifermecipiens @righiogif aftet Banspianhily B videdtt demice@dthcc e
was 75-80%.hi gher than the | ev I | ' |

muni zac bR g e 85 Afelhe Sl Rt BREKE AR top dovm:
In this exparatioRBE theiMfuhe YespOsR ihd i @aRplanfatioACindehtE & ipHesitabRdo folerize the
superior hunoral response than was achi eved with a higher dose. As seen in
previ ous wxipdentvatitdonodoloed cgjlsdadewn régulntGthegmoaimerrespohse ¢fiihe tasimient 4¢ the of
the immune is,response possi blx due tho proviocation of apoptosis as.a
reacti on FYB gt i%lrgﬂu&ﬁ _dlse ses, 1n which tolerization to autoantigens is desirable to down

25 regulate pathogenic T cells and ameliorate the formation of immune complexes with endogenous

antigens, such as collagen in rheumatoid arthritis; diabetes, in which it is desirable to tolerize
diabetic patients to insulin or GAD; and myasthenia gravis, in which patients can be tolerized to
avoid an immune response against the acetylcholine receptor. Furthermore, the immune response
which characterizes allergies and allergic reactions can be treated by tolerizing or desensitizing

30 the patient to the allergen by inducing apoptosis in the immune cells responsible for the immune

response. Examples of allergies and antigens that can be utilized in the device of the present



EXAMPLE 12 The inportance of the perforated but other<vise inperneable and
biologically inert coating or container provided around the sponge matrix
of the device of the present invention was eval uated by immunizing mce

wi th influenza antigen either within theyntact device as bove,
or 20 within the sponge matrix al one, inplanted beside a sgg%‘gl%{'&%@bza -
perforat s8R GmAuna AQREShYRAECAIRYS Mbdgdh HF 510 R@poi

pg, 5 pgsgv‘%“ﬁgggtgs“pgﬁ Sarqg weruel prsgg[?%eld ?nto t he %e%} cesg“'clll RP a %8()@99
sponges alvggk alldigieecairydsbyalmatiol muldifiddadeptides. As a control , the sarre ranges
of antigen were immunized in the footpads of mce, together with Ri bi

adj uvant. Ten days after inplantation or footpad i nmunization, spleens were

harvest ecrld RTbIE « g&ggﬁgﬁre Ridefied nf labr @ALAhIL! ARALAESI R Bnbodiments

per f or med 'as using a range o I gen rom

180 pg/ mof tRSinReitdA! My flosul e wayChd yonstal, Bbwedar bs Neftihg tHeibrods eebpervf
vitro. 3H-thymdine incorporation was expressed as a Stinulation Index, to
représenﬂhﬁnnenmmstlnulatlon and proliferation. 28 29 August 2002 As
shown in Figure 16, T-cell activation exhibited by the animls inmunized
with the intact device showed a significantly stronger response than when
the antigen was present in sponges n@xRkEggi within the perforated but
ot herwi se i nperneabl e contai ner. The response to the unrel ated anti gen,
Figure 18, was mnimal. EXANPLE 13 The inportance of the perforated but

ot herw se er nd b | cal,l nert coati tai per _proyj ded
Ot band PR SHETRIE ohibe dPYics ot B arkseiERentiP pigs Prpatd e A L ARy At Slicone
eval uat edy, %)g%{mrlmeﬁgala qietefr%bqgchpﬁd oul Wi AHEEF 60, QQm‘)fﬁttQ@Wu‘ﬂ? §81'i+l€h
al bum n (BSAJ was I nject eci1 into the device or Iinto a sponge evi ce

the s pongsegmmaomiyamgﬂaltedtpml)twméacmaasmrrgen Tht device wis immeRB& in Sansmhmm vver e
taken at various tinme pgints and the BSA congcentrati gn was neasur

showfl i n FMiaiRiag mhosmwé bé!ﬁfewséalm and aptpclaved frsterilization- Sfpmale Bmer/s mwen(ﬁ-%s
of incu baﬁe&@ om;'&gfré’%{és gggd v,% t}fﬁ%ﬁﬁe The 'dQMQQWaQEhasigﬁg%{h?Mlgﬁda d. ?%%cgdrgﬁs e

of the antrgen over e antigen was re over

Mai nt enang@dlipk ieigiod bniaayon IR ssmhe aiiindals, SO$l 8f Nuty/@h idfRieatsantiges (RIGSHIELD®
cyt oki nes, chenokines, and other co-stinul at org nol ecul es within the device

ini 5 comflaenzanimp vageingnbivalent, Iypes HsBiphiewgd fionp EleaheS Bein®h Melyble N Bht

mechani s i f;

convent i onal iuelSubite g £ 2 pol ERETAERAL, b inlefod PR Eheedle
Thusys t hethexphinheskiphes ey iaplabavdevitema sligngiuedihp eya“eel Ithe needle ihtoend et of thef
the present invention to stinmulate a superior T cell and hunoral response
to a vari8¢¥ceof antigens, in comparison to 20 conventional footpad

i muni zation and in conparison to sinply |oading antigen into an inplanted
sponge matri x. EXAMPLE 14 The phenotypes of cells present in the device of

the pr eSeUJ%mg@\/I'S'Pbdé?ﬂuy\héebléuﬂmadﬁh@@s;ﬁfﬁtéd}ﬁ‘&n\mé Bnplahed devies @drh @kch of five
i npl antati on | s extracted fromthe device of the present invention at 4
days 25 p@simaisasl dabis a¢4 dnange? postanplaptatian, andshaucellsny the fiidewengicopmbined,

fluo escelnl i oc ate t.hrin-la o es
spect® o PARRRRRn o8 sl PMERES 1 b EBSHER R PR B G Preeed °C
CD80, CDB&ith@hBgen2 ¢ detlAdptilRia ‘Mtgﬁﬁl & riscCeh day@ﬂﬂ%&édk@d BRANS7 oByfda 9 the
fluorescence were determ ned by flow cytonetry or conpari son,
decreasing number of cells in the device indicates that cells that had migrated into the device
were migrating out of the device and into the periphery. When influenza antigen was added to
the device on day 2 post-implantation, the number of cells present in the device on day 4 post-
25 implantation was several-fold higher, 225,000, as compared to 60,000 cells in devices without

antigen. Thus, the presence of antigen within the device augmented the recruitment of cells into

the device and/or triggered proliferation of cells within the device.

EXAMPLE 2



29 29 August 2002 fluorescence of peripheral blood | ynphocytes (PBL) from
nai ve,” syngenei c m ce using the sane array of specific antibodi es was
determ ned, and the results for each anti body expressed as nean
fluorescence intensity (MFl). Figure 19 pggesents the pheno&y g&ft 5@2 S
extracted fromthe device 4 days post insertion. Mgration an currul at+on

of T cell re CD80
dendri ti c ce ﬁmbe(r%pghen e@Bh%&f;s srésg;% 1?\1/'4_'1%&:: %%QW%O#SL%&ESH% ass I?

VHC, CD45ER&thinéddnkRiskekpérimbntgbsidg BALB/c wicee M/fodedhtys iposttilplaheationef a Havize
immune cells critical for the devel opnment of the i m”mune response are

present i# daseribedin Egampitel . dRpreisdrom e%ﬁh of Svsnialavereaspicpebiramahe dyvieasd
adhesi on {id¥ile, WIACHARVRRAThE @aJelrmg\sésyFﬁlo?ys%&ﬁqso%oé itk Qor KRG, il ©
rom n

extracted EV ce O rese Inventlon conpar |ve t

not sghownjabeled hﬁfn@&lbhﬁlgﬂnﬁbo@ﬂe@ s;terctﬂc toitley following makkeis iCD Of, CERIGIBZRUS Cf1 1b! he
device of the present invention reveal ed the presence of nacrophages Wi th

| ar ge nun©BH8, 6P 11§28 Ed86, I8P §DORE: @Dﬁe&Wéﬁb‘aergtaéd@ aid gfedr|incubation

i i MPLE, 15 h
eyt ok oo AT i<kt A%, e st SRR il vt Snfe PR RO BT U fressnce
absence OfctaMhih&EBy NB% c?ﬁfﬂ?@tbechW &mphhgmpmqﬁmrés@éﬂc@rafgémﬁ%}a@bld&ﬁs in

native nurine serum As shown in Figure 20, the device contai ned greater
| evel s of lyniphosytesrfrbmt raive, symgﬂmememctb usifg thelsamé arapdf §ideifiz aatibodies was

appr oxi ma eI one-seventh the concen tion of, the inhibitory cytokine
TER- 193 (ddgt f@ﬁg\%ws r S aptet MR AR I tﬁ? REIGE. CPRAS: Y (HPTPSepef

highly ch i ne response once
i gni 1 ed” et %ﬂs S OABEE o001 ARG PEHIRSUBIAN, Ay e 1 esponse

responses are believed to be critical fox t he devel opnment of imunity to
i nfluenza_virus. To evaluate the ability of the device of the present

i nvent i onFigyre3 I’é?ﬁeﬁﬁsttheaﬁ’hqnﬁéﬁ’es"gféﬁusf‘?xé'a@ﬁl_g‘o“}ﬁ%"éc%‘?aéfs PATURTCRERN. ViMigTatian
pg of inf Lﬁ@%ﬁmﬂau%ﬁ o‘ﬁccce'l ¢chB Epgoggﬁa'gfb h%esé&%gr@ﬁ?ﬂ; clady ﬁw C&ﬁ@

control, mce were 1 nmmuni ze subi:u n pg vaccine

adj uvant . déndnitieeells €SD4%; CD Dy, dlave dl MHCNODBY) andyBriels (Clagsi INMISC 20D4 58220,
specificity for influenza virus was determ ned by |ysis of influenza
vi rud-i nf g‘éléh) indtigle densitly [veere evident in the device.

EXAMPLE 3

The changes in the cell population within the device described in Example 1 over time was
evaluated by harvesting cells from the device at days 3, 7, and 10 after implantation. In the first
experiment, no antige‘n was provided within the device. Cells aspirated from devices implanted
20 in five mice at each time point were combined, and the density of cells bearing CD3, CDS8,
CD80, CD44, CD11c, CD45R/B220, and CD14 markers were determined following the same
procedure described in Example 2, expressing the values as percent increase over peripheral

blood lymphocytes of naive mice.
Figure 3 shows the density of the enumerated cell phenotypes at days 3, 7, and 10 post
25 implantation. For all markers, enrichment of the cell type in the device was apparent at days 3

and 7, and by day 10, the population had migrated out of the device.

EXAMPLE 4



30 29 August 2002 CTLs were prepared as follows. Mce were euthani zed and
the spl eens were renoved. Single cell suspensions were prepared and the
cells were washed with PBS. Red bl ood cells were depleted using Red Cell
Lysis Buffer (Sigma, MJ). Spleen cells (3;x 10§ were co-cy A &hded vitro
with 5 x 106 virus infected (100 HAU 10" cells/m far 60 mnutes at 37 €
and irrag §E€<Qn&%9;§@fﬁ§ﬁs &l li%gﬁﬂo\fé‘?h{fﬁleﬁﬁdan'ti%ﬁr’r‘@% vided withiifne at
37 C, 5% COz. PR8 intected (500 U 10~ cells) Pl .HIR cells and

non- i nf edewdde & dayldfdscahplaniatiore As eibvasintBigged 4, thodensiyy of Dxelts dnd.anfipen cel | s

were |abeled with 100 nC_of Na2 5' Cr04 for 90 m nutes and then washed
three ti pessentmg s (CRP) GDEQOnLRf) Was fusderpugsentgshay thearssesa obentiaes indigi um

wer e added . f e L. s ' ' 100: 1
ot o (£Ceuise gy e e bR AR R BSOUR (BN B I e Blohie

pl ates. Afbmigen riaytRive rétirishalid departsieREKEhANinaeis hamuestiadee. Resul ts are
expressed as a percentage of specific 5 C rel ease according to the

formul a: [(Experinental release) - (Spontaneous release)] x 100/[(Maximum
Rel ease) - (Spontaneous Rel ease)]. Asﬁiglﬁﬂlﬁﬁ Figure 21, inmmunization

usi ng the device of the present inventi Wi S00 pg of 15 influenza virus
vacci ne triggered powerful influenza-specific CILs that were significantly
better at lysing influenza-infected target cells, conpared to CTLs produced
i n r esporthe distaleffesterftimpteatationiof theaderweprovideshvith inflanzg antiged Was endjuatealrity.
The generated,CTL djd not Kkill .non-infec target cells in vitro )

g Sat WP ePHINE e PRt B0 SR G DBE b fidn B Rt el e smimels
the anti geanbdk skl G600 whRGoIRWGSE Bhd HRVERLH %o@?eﬁéﬁ%@%ﬁ@d $he
seen. 20 EXAMPLE 17 To determ ne that inmunization wth the device of the
present inmtked oDExangit 2. dhe deviociuvat pravidedhwitb 028, 1060 @ g ieyrans esccinee
were inmmuni zed with several stinct doses of inflﬁj@ﬁa Vi rus vacci ne

el ¢ her acﬂiﬁYSrlP%it'é?‘BlﬁnﬁaHO?’r?é‘d_ch pehagyestoeTIR dacaimals B AeYSRpskmpHpigRiad( 12
Toa+ ang et Ml i, SRR w Sr Rl B Bl B B PR g

i muni zatrowgh sitésofighss glidesc dhefcelldneerpr washet with/RBS amiredbidodicoliewerdaleptetedf
vacci ne as conpared wi th subcutaneous _i nmmuni.zatjon in conbi hati on with R bi
(dat a notbyshaes ipsubatipmin Bed Gell Lprgis Bufigs (Mgwa). 1124 prpd 8 floraseraice was

reveal ed fj Il h 0 .

cocfati ot RReat L Sy SRR ISHEE R abodE, AIUNAOEE ORERREES Bhnaa

| g&Qa antimpdiiesion praddcol vaALOlIGedAf GzhiEheidd rerd 8njSaed withatiel sandiaamugester at ed
by i mmuni zati on using the device of the present invention relative to the

convent i dafirenza gatigssin e fooruduipasthen it Riti sveaiR v ). an gRaliigHiongining
Lot i . . ) .
ant - gon. SRRt iR N PGS LI SRV B AT AT BRE,

m cr ot i t ahafiifadt@ed b RibidetmingoCleheR edemeh] Ine. Cohabl nike afefd A1sd hled 10 Ui after
anti bodies to the influenza antigen. A standard rnicrotiter plate-based
ELI SA f orifERUgdiosed, as descri bed above. Prior to addi ng biotinyl ated
anti-nouse 1gG the plates were washed and the various concentrations of
KSCN were added to the wells. Plates were incubated at roomtenperature for

30 mi nut egs shi¥virein MBeR @0 cdlis@etived REAApRBA cellidfIticd Dplintedrivith ditydevileut | on
(0.5 ug/mM) was | o added to the wells. Increased concentrations of KSCN

ar e necesgxdibjiteddnereasad dersity of Kd3¢ andeQP8 malsculéscfolowing lnpdi diithgrdeyideiwith v

anti bodi es,to antj.gen. depi ¢t in-Fiqur he .devel oped ant.i bodi e
ver e shovRTPErAGeliggl THGRLTE af pitte TEARKEDE m O S Ber S raL LR
smal | dosg, @invéaGSHalRettDds Wiltl 50 8ntigen s rﬁﬁilﬁ!aﬁt WasRQUEhllelH toTRhdliced by 10
response when using the device of the present invention. 15 EXAMPLE 19 The
capasi ty i of antigen nathicsievigsiofithezpretent ingersiont Harthemwee thd devesstwithout antjgenelsot
mamal s asq\%lwréatan expansion of CD8 cells in the spleen, as a result of the sterile inflammation induced

by the device. It is noteworthy that in animals implanted with devices of the present invention
provided with 50 pg of antigen (the same amount as that inoculated via footpad with adjuvant in
the control animals) showed a loss of CD8 cells expression in the spleen. One explanation is

30 that administration of a high dose of antigen into the device fesulted in apoptosis of antigen-



i nfectious diseases was tested in a nurine influenza nodel. Two doses of
i'nfluenza virus vaccine influenza vaccine (5 pg and 500 pg) were used to

i mmuni ze mce with either the device of the present invention or by

subcut aneous adm nistration in conbinatign with R bi adj uv?ﬂ\ug}spmm
Approxi mately 12 weeks after vaccination, animals were cha edwth a

| et hal dgsg; 181 1 kR elbStre stirfulizs 4§ Ria ' : ' a
dovi e of P e e T B o e A Ve

i nf | uenzaffectand s ene sesuitedhsichmanationpf dieenpredid4tCdd Twiels fam spidepy FAR6 Of

e o oY e TR SR A bbb R e ke e
plus adj yyant.SHCHMIRES | ggiérceté&g?gis%ﬁ@&&m, d2YinkémsflamBkiatly, not only

did i nmuni zation using a the present”invention provide total
protection, but it was al so acconplished using one-hundredth the amount of
antigen and no adjuvant. Mce i nmmunized with the device of the present

i nvent i orfhalesplagationgpt B ingreased chiisicgry of IBmMuuFatign upiae the devieanfithe prgsent

rosi ot andb FEOTIRERRedo o8 (R WS RhEEARRLERIEIAES Atk SR bRl §
of the deyiasEndfolldi@inplife&idn df tiwaitizanatlaQierigheral sfeiifthatp bodséss that i Bivea@ni N

severe conbi ned i munodeficiency (SCID) mce populated W th human i nmmune
cel | s washetmahurizasbnb\Thugpthe aptimy deseiey iromusisatian yeingthe devige nf thepresgst

vaccine. .SCID Beige CD17 (6-8 weeks old 5 fenal m,ce re.infused.

(ot r apeiTBHERRIFYORRER Pgiie YRATeRRorRs BARRest el HEMAPASAERS Giiree
daysy | at gEydrl9ogd oWel¥ahifh IHRME #RHe® i MbabedtdhhBmSGizaaohy or inplanted with
a device of the present invention pre-pulsed with 50 ng influenza virus
vacci ne. Three weeks postimmuni zation the mce were bled and the sera was
tested for influenza-specific hunoral_,, - ponse, using conventi onal

ELI SA. As shown in Figure 25, immuni z’fzﬁmﬁn‘fh t he vaccine to generated
i nfluenza-specific human 1gG Furthernore, as shown using KSCN at
escalating nolarity to neasure the relative affinity of the serum

ant i bodi &hetsorength lofl érezimnantel rggpondeas indbenza ntigemprwveied in headgyice of e prieknt
devi ce of the present invention prodyced a higher titer human

i nf | uenz AMEHHEN A3 CHHPREE M58 ﬁ%?ﬁé%’t"ﬂ &%ﬂ%—\}%tgr Brpn Véa\rcw drflls as a marker.

i ntramus Is i I i RPN o | - 1 I
gener at o e ifTRHEIR SeiBhord ol BFUE Blncilil oS HOTRE B ehd (L% UGt T
ant ibodi esll fesphivist, knddvnib bhh dire mowctivearmfagainstiigeaceinlovpatbdgdns aad dacec eMide
the present invention can. cauyse. ppression.of the inmune respqQnse.

Bal b/ ¢ mi%&e m'énieﬁﬁf%@fefmﬁfﬁﬁngﬁia%agw RE dfuipngh Yaroimsavas gy iaes # Y
i nfl uenz GG i | i ‘i i i i
W th R iSRSl P pE bR 1
spl een celdiwanerEen dayt poscinmnchization, sgleemcdB wezt isopitalt asdn (i predidbs example,

cells/well). Cells were exposed to, influenza antigen for 72 hours at 37 C
Fol | owi ngPlaed.and gemapa-nterieramprogesiion ansgirad Heing an &EF%’\ KedBydegent #fistt he

cul t,yres and il QL t ured using an ELI SA kit
(En?iggen)sﬁ?1 %%&?%ﬁ P%ﬁge&tj?@n@fﬂg}téﬁse(l%%‘g@ﬁ#guﬁﬁﬁ.zed wi th a conbination of
the antigen and the R bi adjuvant gave an i nmune 25 response which
increased directly with the dose of antigen. In contrast, the mce

i muni zedFignEso shawythat innsurjeation of theanteals witlhd sansigenrin adevuee of the Beesprmune

response | ow doses of .antigen ; iN_ pHEVI Ex | her.ei n)
bt o dech Lo erbiic R e 1901 pF2eh BRARLS Rrogfledd A L e riBRR G Sl
the preseqfjeva@f, i tHeAo8Had "THIN, & s@éngditinh@Rtedpdnsdicanelaohic et WaNd R ehdhseldTe
present invention |leadS to a down regul ation of the imune response. This
met hod ca3djixanBusiug e dewvicerof dterpeesentsnventioyi and witlez sigsifieantly gmaller amount of

i nmé?osup ression is useful, e.g., transplantation, 33 29 August 2002

al | éPgy tigen.

The gamma-interferon secretion from T-cells derived from the popliteal lymph nodes from the
same animals was evaluated, after exposure of the isolated T cells to a similar range of antigen

concentrations. As shown in Figure 7, the gamma-interferon secretion by T cells from animals



EXAMPLE 22 The device of the present invention can also be used to generate
an i mune response to a pol ysaccharide antigen. A single inmunization using
a device | oaded with pneunpbcoccal vaccine 5 (Pneunpvax-23) produces a
specific i mmune response. Pneunovax is aszpol yval ent pneuno i ne
consisting of highly purified capsular polysaccharides frp%??%g#iga&f t -
preval entinRfurdifdawit EntRe YR GOROMt ih Moot PHdGras\HRE 85 toBTid Bk ZIed prbdudeLirbier 5
~g or 40 pg of the Pneonbvax vaccine either in a device inplanted

subcut aneplelio/Taslisifrenmraniyeals mivoveizedusing the device bf e presentjinventtondoemparg ect ed
into the footpad. | mce re bled on Day.1 nd assayed by 10 ELI SA for
Lotal 1 gdigRiegr dsabs poniGel BTIERGORE w6 hosn i i pAn B Biiedsse suforaweciod
These resylbsshomsfa L BTAHfh ARRERE hlhdChyeatchafid ' an
be achi e\sltgé)tei)y ngvvpfw hrecs[fhge of fgﬁe’ pr esent 1%went‘?on. E%Ngfé%%gﬁﬁzh&

devi se ofdavive qftiesgresent mvertionean bansdddo pseiict o rgmseinateneaesponse nétho@thense

to-a highly 15 conserved antigen. Cyclophjlin was sel ected as a npdel
protei n fe5ed dereadiuvanh dnjafaraes evalpafian, thevell spRYationempHIng R m devies(barias been

cycl ophi lin. gif L ' ' ' RS R
canser ved AVaEs "Ma P o} 10 B A a At e T e Pk, o
0.5 ng of sebitetiBn i€ s &b td dxpoQirt feantigom dRiguirO'8 Shew by a:ﬁergflowll@vembegemna-
invention and inplanted subcutaneously, or mxed with Ribi adjuvant and

i nj ect ed intesferaraissewrsted in espoaseierad ip v ehallenmy witeindluenzagnsigere it eainfapisomate

| h | ophi lin by ELISA. shown,,i n..Fi 3 i
ol zecDaRoR! phrs PRt rer ey Wil sh@er el TRGas TR mal e e o Py e
present igyvethldRics hanRHizati SHRRrhted oltQTRRNGR and af B8 AIWEAhE BspHAPRRss tadh

with the mce i mmuni zed subcut aneously with cyclophilin plus R'bi adjuvant.
Thi s r esufremdeerderdcs) amamstofithacffediar pdpviatien wandénieiad eFignres hamde3 depigidossof t o
hi ghly conserved, ant i S ich arg otherw se nqn-i nogenic. .25 . ..
i 2 R T et el s SebvBH EahRaleR by fay et J0; DBHGRebe ety of
inventio i i 4 } ine response. EXAMPLE 24 34 29 August
2002 Then%é@fggxign?ﬁgag?£§£g¥ﬁ¥%vention can be used to generate an immune
response to whole, live organisns. In this experinment, mce were inmunized
with live hook-worm | arvae using either 5 | ae provided inside a

subddt aneousl y-i npl ant ed devi ce of tﬂgxﬁngg%y i nvention, or using | 000
live larvae injected subcutaneously 2 weeks apart. As shown in Figure 33,
both protocols induced L3-specific total 1gG as neasured by ELISA It has
been possind farther experinentagaed st examiming specdicaliy theesstrength of reninsmend negdonsk tog
hookmorn1§£d mal aria usin ir[adigéed | ar vae andﬁﬁ orozpites, respectiyvely;

studi es h®earheshadpcaddythdevicnaf therieseshinyenting. followdns implagfption and joading

i nvention ; i 1 r i i
o ot ARUSHEN 50 ABHEAIRR YR S aTIG B it T

wi t hout dégsaribedhop the-previcheexsmpléest war fodssaht Thal antigen acthsraxperiment Way eof . The

present disclosure i,s ttherefore tqQ be considered as_in all respects
i 11 Ut r at PYARPYRE: ABYicesesyrs providsd withh@rigupgaowits %%Vﬁilmﬁfwnsagpwglo pg o 50

i ndi cat ed,,by, [, G Ny el i L4
oo ng” A conSL BRFRIEEL e BTRCARL RARACS I St ) AL i
Var i ous pRidiiadpivaans are cited herein, the disclosures of which are

i ncorporated by reference in their entireties.. 35 29 August 2002 WHAT IS
CLAIMED | S: Use of a device for nodul ating the i Mmune response in a mamal

wthin a Bor PeriReh Sttt R G8e FRERRRRR-E BERRMIR: vt BRI TS
cont ai ni ngroliferdAon hdsily hs sl irP9¥-waR Platdsh T wisuriedithbssand spleBh aéllsipegweine

device within the body of said mammal, wherein said device attracts cells
of t¥e i mwerrexppsedin 180 ngfmloantigen foz 2 dounstal Je€’; ancontrolsythsanteedosapHEpsteinme

response. 2. The use of claim 1 wherein the antigen is bioavailable wthin
65 8 por BB BRER YHAISEd b e HPRBIFa HIEGN bRl dh A P SETF ARESSF §
manmal . 3 holldSyittsB1-Alynfibink, Bnd inM3RIoRhtbl dT9atR) il RIRaQFELTRIS XBEQRUPAS Aftinfulation
Wi thin said porous nmatri x after t'he device has been inplanted into said

manmal . index.



4. The use of claim 3 wherein said anti gen becones bi oavail abl e about three
days after inplantation within said manmal. 5. The use of claim 1l wherein
said antigen is introduced into said device about three days after

i npl antation. 6. The use of claim1 \/\here)'f4n said antigen ia E{ovi 26@%' n a
del ayed rel ease formulation. 7. The use of claim 1 wherei n“S& &S s -

pol ymor | A TRRt ST afrsibc L FalB) BT e hOReHPEpRdEl UL S OGRS i)

use of claioBust aﬁfg@'nesip'éciﬁaispﬂeﬁ@b@lhiﬁbliferﬁlta\terﬂespdnse. sk lrepbrst Widetédial iganiiials
consi sting of hydroxyl ated pol yvinyl acetate, polyurethane, ethylene/vinyl
acet at e dowoinizadrwitlpes lowaasico SEnRT R8Iy achhlerseilly diom yematspsinyynized by
gelatin, collagen, cross-l,jnked collage angd conbi nations, t hereaqf. 10.. The
eeof | c1copr taaphAt S A e e e p P L SR DR PRl B age Higher
sel egt ed Jtioon BHcH oA NegMBbRALIEs SP8IAERton 103Pn#dI ApeidalBARARu anighe
use of claim1 wherein the porous polynmer matrix conprises hydroxyl ated

pol yvi nyl(dataeivastewachdidate thehthaiemekeddommuriesespoasstogrvelbumon wae highlyagpecific.
tubing. 12. The use of claim1l wherein said quantity of antigen and the
timng of the bioavailability of said antigen within said device relative

to the tigeg fahh&fm &haftue %Qr;a/aﬁ%ﬂn deNhtsRnl iR widk thNBATEY eftﬁe?‘ﬁhih@ theHevice
i nduci ng or enhancing the I ne response to said antigen. 13. The use o*
cl ai m 12 ofhike presens aivéntiort orgenfobtpallj wik 40 Ip@h5@ngyidr50pgaaatbuddn) dterdlorerin the
I npl antation of said device. into said manma The use of claim 13

. 14.
her ei n staviFeawith &0 pdjuyant i s de¥iceATy1a otpadevith Bibi pdjyvant. TheRRGC Bacile

t he i npl at i . Sa; ' ' i : : i m..
wner@ . Sy SuBin R e e I Wl e R AR TR R, SR S Ry
sai d ant i grem aMehiitedl SRiirflo RYédbRclesiuat Boies, beephfee byiToaneight Maberatoes Dini@d for
said device into said manmal results in suppressing or down regulating an
exi sti ng Wratpentofcarginopin siku pEthsdrpant leiaécgqrdr exyrflayg afier imgnunfrationssplesn cellsai m

15 wherein_said antigen i | A 1.t hi | [ | of

ol ant ot 8% iR 8 PrpofdlonatBl BleEathe i B R en TEX GRsB bl o 4R Dl .

IS renmovegnid @Agd éTe dondyl fitigsa EbstenrBalr whisgih vitrg.e Alftefa 91-habipitcubdionlais cells
15 were pulsed with *H-thymidine for 6 hours, and the incorporation of label expressed as a

Stimulation Index and used as a measure of T cell stimulation and proliferation.

Figure 10 shows that a robust antigen-specific T-cell response from low doses of antigen can be
achieved using the device of the present invention. Negligible levels of stimulation were
detected after spleen cells were exposed to the control antigen, indicating further that the

20 response was specific to the immunogen.
EXAMPLE 8

The antigen-specific antibody response against HIV gp120 peptide (residues 315-322,
RIQRGPGRAFVTIGK) antigen was assessed after loading very low doses into the devices of the
present invention. BALB/c mice were immunized either with the device or by footpad, with Ribi
25 adjuvant, with various doses of HIV peptide. Blood was collected 10 days following
immunization, and antibody titer against the peptide was determined. Four days later, the
animals were boosted with 10% of the amount of the initial immunogen, and a second bleed was

performed 10 days later for determination of antibody titer.



18. The use of claim1l wherein a second quantity of said antigen is

rei ntroduced into said device. 19. The use of claim 18 wherein said second
gquantity of said antigen is reintroduced into said device by del ayed

rel ease of said second quantity of said gntigen present w thin th evi ce
at the time of inplant atlon 29 August 2002 20. An inpl a%?ﬁ‘b‘g'é“g%& ce-for
modul at i TR it Bl s AR CRBCIG AR, S afiio R AR AW Bk
cont ai neg’glvvl nIanAn a pgéf rat e%%utg otS erw seci %Bﬂegr maéll e contai nser 219é The
devi ce ohcordingt@dromins ﬁnone&ne.dBaaﬂy,gmnroitiﬁerpmssamerewbatlad withethe aptigea$s g/ml)
matri x. 22. The device of claim20 fu%hﬁ conprising nmeans for_int rodu0| ng
sai d ant F@Ehpsph%té-bégﬁﬁ‘éé%h‘wfoﬁlééﬁfsoatﬁ 0N8¢ Ptes were \é‘r‘%hr?ér(SBmMrTrtSd* O2%af t er

[l ant ati,o 283 pBRCHETY SEuttIEhel MAMARLALITS A A LhgERTRS 229

pol ymeric evi ce erern sal pol

mat ef i al 20$n PBSEFHED-T APM4BITH B m@anh@Flratebatd Washed be® $00 Af sdriif sdﬁl\pnssar@f
claim 24 wherein said polyneric material is selected fromthe group

consi sti ragdadfto hb@jwe&s)ﬂtmlegl froml VW dghlltl@c,?élﬂaft“éher é‘ﬂthﬂe’ﬂﬁi Y folgisteps.eThe semples

I I de- gl | t
el at 1 stsgPredursoniFuE ek ofiBe B Rr HGER IR KshE I RRTHE bnalderare S,
devi ce ofyg Qllxﬁ}erﬂna%nd%B?fa?édrhnﬁ%guééQQG@é ARIboEPBRLISEA jPo/BRPIEBAHePh tReWERE at ed
tubi ng. 27. The devicé of claim?20 wherein said contalner conprises a

per f or at &dllbwingot- hmmmammw@m&we cashdsng aboepetsaptaadiotroa)jugaied hpmemdish
ggf ;,Olfr)ér i cngwircggqp %?1\{1{38 ?o ?f4086 ?nl lr)?ogk ng\@&rf erI 12 aaglédd tocttcl)ea \tvlel?sg fglqg)vsil 538 mainutes

incubation at room temperature, substrate is added (100 1/well of tetramethylbenzidine). The

plates are incubated for 30 minutes. Adding 100 ¥/well of 2 N H,SO, stops the reaction. The
plates are read using ELISA Plate Reader at wavelength of 450 nm.

15 Figure 11 shows the level of specific anti-HIV gp120 peptide IgG2a and indicates that following
a single immunization using the device of the present invention, a strong antigen-specific
antibody (IgG2a) is elicited, whereas no response was elicited by a single footpad immunization
following a conventional protocol. Following a second immunization (boost) in the footpad, an
antibody response was generated in animals immunized conventionally, but the animals initially

20 immunized using the device of the present invention and then boosted (with 10% of the original
dose administered within the device) showed increased 1gG2a levels and still a significantly more

robust response at the lower antigen levels (Figure 12).
EXAMPLE 9

The effect of different adjuvants was evaluated on the resulting immune responses generated

25 from immunization with the device of the present invention compared with conventional footpad
immunization. BALB/c mice were immunized with either the device or via footpad, with the
HIV gp120 peptide (of the previous example) at various doses either alone or with Ribi or BCG
adjuvants, as described above. The device was prO\}ided with immunogen three days after
implantation, and antibody titers were determined 10 days post-immunization. An ELISA to

30 IgG2a antibody specific for the gp120 peptide antigen was performed as described in the prior

example.



29. The device of claim 28 wherein said polynmeric material is selected from
natural and synthetic sources. 30. The device of claim29 wherein said
polymeric material is selected fromthe group consisting of cross-Iinked
col l agen, polylactic acid, polylactide-glycolide copolyner ol | ene,
silicone, latex resin, polystyrene, acrylic resin, ponvin%?BV@%g one,_

d nbi nat i on h f 002 31. Th f. cl 20
Sher oi n (R SBIOTEL ERRER AR RS aOUY LB gr A Ty oS ateisrmace e
cont ai nergg GQHEEFigﬁ?élﬁ SEWFRRhst AnREfiEAALRMHOEAGee FRhe yﬁe%emfm@n@&ywﬁo&tm

obtai ning’li I’'s froma mammal , wher e| n the device conprises a porous
mat ri x cmdjmmne(dO\mgthepndaa ppahiced atrmﬂkdnihy high herehbSgeptidpapesid [gh2a0 Thaipagide

t he use conprisin | antin he deyi.ce he mamyal and harvesting the

| mmune. canIcGmbIHpR Wgttf)lt 2 é@!%ﬂh (Rt OBE%C%éO%Céd aflow%ﬁpﬁne@zwﬁs@d@ian

sal dg har Vgﬁ) efglagfcid t¥o cilal?]ar vei g eagreh g agtl Iglélres-lu-ﬂgmlﬁzsregglon of

cl ai m33 el n sai are cryopr erve

rei nt r odugé imuhéif cﬁﬁbdltﬁﬁmlblc ﬂfit inldreerus dembnsttatd the 3dditive eefedl oRByrRAdibEEN
is present within t porous matrix of said device. 36. The use of clalm 35
wher ei n siadjuvanhand aetégcrrs igmainization proesokchpriddedesterl atdawar ranges (loweethase of

claim 35 erein sa re reint ouce i,nto said mammal after
exposure f?%’ iiradgﬁsfgg%ggn@f rci(% as ?owgg-é:oncleﬁgraa%v ?@db“fva'& ai m 32 wherein
said matrix conprises a polymeric material. 39. The device of claim38
wherein said polyneric material is selected fromnatural and synthetic
sour ces. SifilaTtesultiewere@bidingd wham B5-niee peptidesditht BopynBimplexmirerglalopiatein B

selected fro roxyl at ed pol yvinyl acetate,
ethQPene/@?ﬂﬁksg@@?éﬁgﬁ%ﬁﬁgﬁyiébg%ﬁﬁﬁﬁgégtic aci d, polylactide-glycolide
copol yner, pol yurethane, gelatin, collagen, cross-linked collagen and
conbi nations thereof. 41. The device of claim32 wherein said container
conprises a segnment of perforated tulEBX4MPLE 10rhe devi ce of claim 32
wherein said container conprises a perforated but otherw se inperneable
coating disposed around said porous nmatri x.

In a further test of the strength of the humoral immune response induced by an antigen present in
the device of the present invention, BALB/c mice were implanted with devices which were
provided three days later with various doses of cytochrome C. As controls, various doses of the

15 same antigen were administered via footpad in combination with Ribi adjuvant. Ten days post
implantation or ten days post footpad inoculation, the animals were bled and an ELISA
performed on serum for IgG2a that specifically recognizes the antigen. Procedures were similar
to that followed in the previous example, except that the ELISA was performed on serial

dilutions of the serum, from 1:50 to 1:6400.

20 Figure 14 shows that a very strong specific humoral immune response to the antigen was
achieved with very low doses of antigen used in the device of the present invention. As low as
50 femtograms of antigen in the device yielded an antibody response similar to that achieved by
conventional footpad plus adjuvant immunization using 5 ng antigen, an increase of 4 orders of

magnitude.
25 EXAMPLE 11

The development of a humoral response was further evaluated using as antigen the hemagglutinin

protein, cleaved and purified from Influenza A virus (broken hemagglutinin antigen, or BHA).



39 29 August 2002 43. The device of claim42 wherein said coating conprises
a polyneric material. 44. The device of claim43 wherein said polyneric
material is selected fromnatural and synthetic sources. 45. The device of

cl aim44 wherein said polyneric materi al j7s sel ected fromjghﬁlll%,g%z
consi sting of cross-linked coll agen, polﬁethylene, silicone, tex resian,

| yst , Ylic resin. polylagtic .aci | yl.act i de- gl lid
Copol yier YE Rty ror B ERb vy e e B ARk E8: T Bt pee
of cl ai Mygs\WitetRed irt {he dBRice BdayBpbdtImPRATIIDSE S SCHMEI MX¥é HeRIMBRINIEIWith the
acetate and the contai ner conprises a segnent of perforated tubing. 47. The
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in previous experiments, doses greater than 5 g can result in suppression of the immune

15 response possibly due to provocation of apoptosis as a reaction to overstimulation.
EXAMPLE 12

The importance of the perforated but otherwise impermeable and biologically inert coating or
container provided around the sponge matrix of the device of the present invention was evaluated
by immunizing mice with influenza antigen either within the intact device as described above, or

20 within the sponge matrix alone, implanted beside a segment of perforated tubing. A range of
antigen doses were evaluated (0, 50 pg, 500 pg, 5 ng, and 50 pg) and were provided into the
devices, or into the sponges alone, three days after implantation. Asa controi, the same ranges of
antigen were immunized in the footpads of mice, together with Ribi adjuvant. Ten days after
implantation or footpad immunization, spleens were harvested from the animals and a T-cell

25 proliferation assay was performed as described above, using a range of antigen levels from 0.1 to
180 pg/ml. As a control for specificity, Epstein-Barr virus was used in vitro. *H-thymidine
incorporation was expressed as a Stimulation Index, to represent T-cell stimulation and

proliferation.
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25 post implantation were collected, washed, and stained with fluorescein isothiocyanate- or
phycoerythrin-labeled monoclonal antibodies specific to the following markers: CD14,
CD45/B220, CD11b, CD40, CD1l1¢, CD80, CD86, CD3, and I-Ad (PharMingen, CA).

Geometric means of the fluorescence were determined by flow cytometry. For comparison, the
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EXAMPLE 15

15 After implantation, the concentration of cytokines contained within the device of the present
invention in the absence of antigen was compared with the concentration of cytokines in native
murine serum. As shown in Figure 20, the device contained greater levels of the stimulatory
cytokines IL-2, IL—4: and TNF-a and approximately one-seventh the concentration of the
inhibitory cytokine TGF-3 (data not shown). Thus, the device of the present invention is a

20 highly charged environment poised for eruption of immune response once "ignited" with an

antigen.
EXAMPLE 16

Cytotoxic T lymphocyte (CTL) responses are believed to be critical for the development of
immunity to influenza virus. To evaluate the ability of the device of the present invention to

25 elicit antigen-specific CTLs, mice were immunized with 500 pg of influenza virus vaccine in the
device of the present invention. As a control, mice were immunized subcutaneously with 500 pg
vaccine plus Ribi adjuvant. Lymphocytes were obtained from the immunized animals and their

specificity for influenza virus was determined by lysis of influenza virus-infected target cells.
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10%& () - lﬂﬂg n ected (gdg)ﬁ.kllﬁlo"lol({gi%l(l)ﬁR ccjﬂ?sT an]doxilgm-infected P1L.HTR cells were used as
targets for cytotoxicity. The cells were labeled with 100 mCi of Na, >'CrQ, for 90 minutes and
then washed three times. Target cells (10%ml) in 100 m] of RPMI 1640 and 5% FCS medium
were added to effector cells in various concentrations starting at a 100:1 ratio (E: T) and titrating

10 two-fold in 96-well round bottom microtiter plates. After a S-hour incubation, supernatant was
harvested. Results are expressed as a percentage of specific *'Cr release according to the formula:

[(Experimental release) - (Spontaneous release)] x 100/[(Maximum Release) - (Spontaneous
Release)].

As shown in Figure 21, immunization using the device of the present invention with 500 pg of
15 influenza virus vaccine triggered powerful influenza-specific CTLs that were significantly better
at lysing influenza-infected target cells, compared to CTLs produced in response to conventional
subcutaneous immunization with Ribi adjuvant. The generated CTL did not kill non-infected
target cells in vitro, indicating the specificity of the provoked response. With higher doses of the

antigen in the device of the present invention, no stimulation was seen.
20 EXAMPLE 17

To determine that immunization with the device of the. present invention could also modulate the
humoral immune response, mice were immunized with several distinct doses of influenza virus
vaccine either administered in the device of the present invention or injected subcutaneously with
Ribi adjuvant. High levels of influenza-specific IgM, IgG1, and IgG2a antibodies were

25 demonstrated in sera of mice following immunization with the device of the present invention
with lower doses of vaccine as compared with subcutaneous immunization in combination with
Ribi (data not shown). Examination of the virus-specific IgG1 antibodies revealed higher
binding as measured by the absorbance recorded at escalating serum dilutions (Figure 22).

Similar results were observed for IgG2a antibodies.



10T; $10967& ()- 3: $109%& ()- 6
10967& () - 3Z10967& () - | (KMsM\WMOPZ[ 9mbCl !'s' 1098S& ()-L,' 109g[ & ()-!,' 10%00% ()
-L' 10%& ()- !jL' 10%E0E0& ()- IL'10% ;& ()- PPQRRT>U?U@MWUGIC 10kk

10kK! I, * 109K () -g! | ' 109%b& ()-g! | ' 10950S0& () g!'s' 10% &QusHﬁ) 10%ggé&
() - LQAUSUVWXX. ZZr P1C 109& ()-!' 109& ()-" 109%& ( Ie 10%& 6o {) - s

109& ()- 10kkz \6]]__> 2" z[<1C 10; %é%&“lr g Yf%iO%&' 0- |
I LO' 10%& ()- !'LO' 10%& ()- ! TS & 10% B 0w ()-2 @A S +ccceej KC 10:

@1l " 109k ()-!" 109 ()- !109%& ()-9#10%&' ()-sl 10%W/& ()- 10 10eQy
hhhhijja?1C 10! 91S&10%&' () - OMB1OY%&' ( ) -
1098 () - Sernon@itippdieggeneiaod b)&m(ng]um&g;g_qyp,@lqg the Jdpylgq: of thepzagent invention relative to

%8:)\?\()?]'8; & @@i@n 1%@&%?{5% vsl)ch adp?{; gv%%%egﬁlbfe)cted to a gga]dcl)é)r/@og %scalak'mg %?ofén@ of 10

LN I A O

10%5&" () to difdigef-caDed midrpfiterplateP(h order to determine the relative afﬁmty of the antlbodxes to
the influenza antigen. A standard microtiter plate-based ELISA format was used, as described
above. Prior to adding biotinylated anti-mouse IgG, the plates were washed and the various
concentrations of KSCN were added to the wells. Plates were incubated at room temperature for
30 minutes. After washing, biotinylated anti-mouse IgG1 antibody solution (0.5 pg/ml) was

10 added to the wells. Increased concentrations of KSCN are necessary to break complexes created

by the binding of high affinity antibodies to antigen. As depicted in Figure 23, the developed
antibodies were shown to possess higher affinity to the viral antigens. Thus, a very small dose of
vaccine is sufficient to stimulate a powerful humoral response when using the device of the

present invention.
15 EXAMPLE 19

The capacity of immunization using a device of the present invention to protect mammals against
infectious diseases was tested in a murine influenza model. Two doses of influenza virus vaccinc
influenza vaccine (5 pg and 500 pg) were used to immunize mice with either the device of the
present invention or by subcutaneous administration in combination with Ribi adjuvant.

20 Approximately 12 weeks after vaccination, animals were challenged with a lethal dose of
influenza virus. As shown in Figure 24, vaccination using a device of the present invention with
both the 5 pg and 500 pg doses of influenza vaccine resulted in a complete protection, whereas
only 60% of the mice immunized subcutaneously with 500 pg of influenza vaccine plus Ribi
adjuvant survived. All of the animals immunized with the 5 pg dose plus adjuvant succumbed to

25 the disease by day 14. Remarkably, not only did immunization using a device of the present
invention provide total protection, but it was also accomplished using one-hundredth the amount
of antigen and no adjuvant. Mice immunized with the device of the present invention also
exhibited steady weight following the viral challenge, indicating development of a milder disease

correlated with their relative resistance to acute infection.
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5 female) mice were infused (intraperitoneally) with 20 x 10° PBMC from a normal human donor.
Three days later the mice were immunized either intramuscularly or implanted with a device of
the present invention pre-pulsed with 50 ng influenza virus vaccine. Three weeks post-
immunization the mice were bled and the sera was tested for influenza-specific humoral
. response, using conventional ELISA. As shown in Figure 25, immunization with the vaccine
U generated influenza-specific human IgG. Furthermore, as shown using KSCN at escalating
molarity to measure the relative affinity of the serum antibodies to influenza antigen (as
described above in Example 18), the device of the present invention produced a higher titer

human influenza-specific antibody than that achieved by traditional, intramuscular immunization

(Figure 26). This method can also be used to generate human hybridomas capable of producing

15 human monoclonal antibodies.
EXAMPLE 21

Higher amounts of antigen provided in a device of the present invention can cause a suppression
’ of the immune response. Balb/c mice were implanted with the device loaded with the 5 to 50 ug
\ of influenza vaccine ;)r immunized in the intra-footpad with the antigen mixed with Ribi
20 adjuvant. Mice were euthanized ten days post-immunization and spleen cells were isolated and
plated in 96 well plates (2 x 10° cells/well), Cells were exposed to influenza antigen for 72 hours
at 37 C. Following stimulation with antigen, supernatants were removed from the cultures and
gamma-interferon production was measured using an ELISA kit (Endogen). As shown in Figure
27, the mice immunized with a combination of the antigen and the Ribi adjuvant gave an immune
25 response which increased directly with the dose of antigen. In contrast, the mice immunized with
antigen inside the device showed a stimulation of the immune response at the low doses of
antigen (as noted in previous Examples herein) but a decrease in the immune response at the
higher doses of antigen. Thus, the presence of a large amounts of antigen in an implanted device
of the present invention leads to a down regulation of the immune response. This method can be

30 used in treatment strategies where specific immunosuppression is useful, e.g., transplantation,
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pneumococcal vaccine consisting of highly purified capsular polysaccharides from the 23 most
prevalent or invasive pneumococcal types. Mice were immunized with either 5 pg or 40 pg of

e the Pneomovax vaccine either in a device implanted subcutaneously as described above, or mixed
with Ribi adjuvant and injected into the footpad. All mice were bled on Day 10 and assayed by
10 ELISA for total IgG (Figure 29), IgG1 (Figure 30) and IgG2a (Figure 31) response. These
results show that an immune response to polysaccharide antigens can be achieved using the

device of the present invention.
EXAMPLE 23

The device of the present invention can be used to generate an immune response to a highly

15 conserved antigen. Cyclophilin was selected as a model protein for these experiments, since
development of an immune response to cyclophilin has been difficull to achieve, since this
protein is highly conserved among mammalian species. Mice were immunized with 5 pg, 50 ng
or 0.5 ng of human cyclophilin either loaded into a device of the present invention and implanted
subcutaneously, or mixed with Ribi adjuvant and injected subcutaneously. Mice were bled and

20 the sera was tested for an IgG2a response to human cyclophilin by ELISA. As shown in Figure
32, mice immunized with the two lower doses of antigen using the device of the present
invention showed a superior response to the antigen in comparison with the mice immunized
subcutaneously with cyclophilin plus Ribi adjuvant. This result demonstrates that the device can
induce an immune response to highly conserved antigens which are otherwise non-immunogenic.

25 Immunization with the high dose of antigen in the device of the present invention fails to induce

an immune response.

EXAMPLE 24
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. 10 s invention may be embodied in other forms or carried out in other ways without departing

N .

from the spirit or essential characteristics thereof. The present disclosure is therefore to be
considered as in all respects illustrative and not restrictive, the scope of the invention being
indicated by the appended Claims, and all changes which come within the meaning and range of

equivalency are intended to be embraced therein.

Various publications are cited herein, the disclosures of which are incorporated by reference in

their entireties.
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2. The use of claim 1 wherein the antigen is bioavailable within said porous matrix at the

time of implantation of said device into said mammal.

3. The use of claim 1 wherein the antigen becomes bioavailable within said porous matrix

after the device has been implanted into said mammal.

4. The use of claim 3 wherein said antigen becomes bioavailable about three days after

implantation within said mammal.

5. The use of claim 1 wherein said antigen is introduced into said device about three days
after implantation.

6. The use of claim 1 wherein said antigen is provided in a delayed release formulation.

7. The use of claim 1 wherein said porous matrix comprises a polymeric material.

8. The use of claim 1 wherein said polymeric material is selected from natural and synthetic
sources.

9. The use of claim 8 wherein said polymeric matrix is selected from the group consisting of

hydroxylated polyvinyl acetate, polyurethane, ethylene/vinyl acetate copolymer, polylactic acid,
polylactide-glycolide copolymer, gelatin, collagen, cross-linked collagen, and combinations

thereof.

10.  The use of claim 1 wherein said container comprises a polymeric material selected from

natural and synthetic sources.
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acetate and the container comprises a segment of perforated tubing.

12.  The use of claim 1 wherein said quantity of antigen and the timing of the bioavailability
of said antigen within said device relative to the time of implantation of said device into said

mammal results in inducing or enhancing the immune response to said antigen.

13.  The use of claim 12 wherein said antigen is bioavailable within said device after

implantation of said device into said mammal.

14.  The use of claim 13 wherein said antigen is introduced into said device about 2-4 days

after the implantation of said device into said mammal.

15.  The use of claim 1 wherein said quantity of antigen and the timing of the bioavailability
of said antigen within said device relative to the time of implantation of said device into said
mammal results in suppressing or down regulating an existing or potential immune response to

said antigen.

16.  The use of claim 15 wherein said antigen is bioavailable within said device at the time of
’ implantation within said mammal.
17.  The use of claim 1 wherein said device is removed from the body of said mammal after a

period of about 10 days.

18.  The use of claim 1 wherein a second quantity of said antigen is reintroduced into said

device.

19.  The use of claim 18 wherein said second quantity of said antigen is reintroduced into said
device by delayed release of said second quantity of said antigen present within the device at the

time of implantation.



9l 10988 ()- 10zNNNYOOP; Qa?: /
101 F&( 10%@B@B&’ () - L' $109B& () - Ly10%B& () - y#10%B& ()-! Ts10%BNB& () - 9! 1098
& ()-: QO RRqRRRRaB7/ 10 10B810%B& ()- 6310%B& () -
SS$1098¢ ()-210%B& () - LO- #1098 () - | &(199BBY. () - RRRRSSSS Kooy
10BS10% () -1 M 109 () - 109 ()-L@10% ()- ! 109 ()- 108
10BXTTTTAYT UUgEKmplht 188 & 8r fodahaf&an )mmifné P9¢Bonsk 1Y Qro/ligge@c‘omopnsmg
F100& () - 10%&' ()-UVZV} WOWAAEK/ 10 10By) 109%& ()-' 3" 100& ()= $S10%& ()- !
109 () - MLO%&!'pojous HOBEX ContsivulwityixOapeiiorted butloBSwiB%igipeim@ble container.
109 () - @' 109&' () - 110% () - 80Z" 10%&’ () -, 10%& () - +YAYBYCYDYVYY] h[ bC 10
10B&, - #10% & () - 9$10% & ()-"10% & () - 109%9& ()- 10 10

21.  The device of claim 20 wherein said antigen is present within said porous matrix.

22.  The device of claim 20 further comprising means for introducing said antigen into contact

with said porous matrix, either prior to or after implantation.
23.  The device of claim 20 wherein said matrix comprises a polymeric material.

24.  The device of claim 23 wherein said polymeric material is selected from natural and

synthetic sources.

25.  The device of claim 24 wherein said polymeric material is selected from the group
consisting of hydroxylated polyvinyl acetate, ethylene/vinyl acetate copolymer, polylactic
acid, polylactide-glycolide copolymer, polyurethane, gelatin, collagen, cross-linked

collagen and combinations thereof.
26.  The device of claim 20 wherein said container comprises a segment of perforated tubing,

27.  The device of claim 20 wherein said container comprises a perforated but otherwise

impermeable coating disposed around said porous matrix.
28.  The device of claim 27 wherein said coating comprises a polymeric material.

29.  The device of claim 28 wherein said polymeric material is selected from natural and

synthetic sources.

30.  The device of claim 29 wherein said polymeric material is selected from the group
consisting of cross-linked collagen, polylacfic acid, polylactide-glycolide copolymer,
polyethylene, silicone, latex resin, polystyrene, acrylic resin, polyvinylpyrrolidone, and

combinations thereof,
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32.  Use of a device for obtaining immune cells from a mammal, wherein the device
comprises a porous matrix contained within a perforated but otherwise impermeable container,
the use comprising implanting the device in the mammal and harvesting the immune cells from

the implanted device.
33. The use of claim 32 wherein said harvested cells are reintroduced into said mammal.

34.  The use of claim 33 wherein said harvested cells are cryopreserved before reintroduction

into said mammal.
35.  The use of claim 32 wherein an antigen is present within the porous matrix of said device.

36. The use of claim 35 wherein said immune cells are reintroduced into said mammal.

37. The use of claim 35 wherein said immune cells are reintroduced into said mammal after

exposure to said antigen in vitro.
" 38.  The device of claim 32 wherein said matrix comprises a polymeric material.

39.  The device of claim 38 wherein said polymeric material is selected from natural and

synthetic sources.

40.  The device of claim 39 wherein said polymeric material is selected from the group
consisting of hydroxylated polyvinyl acetate, ethylene/vinyl acetate copolymer, polylactic acid,
polylactide-glycolide copolymer, polyurethane, gelatin, collagen, cross-linked collagen and

combinations thereof.
41.  The device of claim 32 wherein said container comprises a segment of perforated tubing.

42.  The device of claim 32 wherein said container comprises a perforated but otherwise

impermeable coating disposed around said porous matrix.
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45.  The device of claim 44 wherein said polymeric material is selected from the group
consisting of cross-linked collagen, polyethylene, silicone, latex resin, polystyrene, acrylic resin,
polylactic acid, polylactide-glycolide copolymer, polyvinylpyrrolidone, and combinations

. thereof.

46.  The device of claim 32 wherein the porous matrix comprises hydroxylated polyvinyl

acetate and the container comprises a segment of perforated tubing.

47.  The use of claim 35 wherein said immune cells are used for the preparation of a

hybridoma for the production of a monoclonal antibody against said antigen.

48.  Use of a device for immunizing a mammal with an antigen for the preparation of a
hybridoma for the production of a monoclonal antibody against said antigen, said use comprising

immunizing said mammal according to claim 12.

49.  Use of a device according to claim 21 for the preparation of a hybridoma for the
production of a monoclonal antibody against said antigen, the use comprising immunizing a

mammal with said device.

50.  The use of claim 12 wherein said immune response to said antigen is selected from the
group consisting of prophylactic vaccination, therapeutic vaccination, cellular immunity, humoral

immunity, mucosal immunity, long-term immunity, and combinations thereof.

51.  Use of a device according to claim 12 for the production of hybridomas producing human

monoclonal antibodies against a preselected antigen, the use comprising the sequential steps of:
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(a)  introducing human peripheral blood lymphocytes into the circulation of a severe
combined immunodeficient (SCID) mouse and allowing said lymphocytes to
populate the immune system of said mouse;

(b)  implanting in said mouse a device of claim 21, the antigen of said device
comprising said preselected antigen;

(c) harvesting immune cells from said device;

(d)  preparing hybridomas from B lymphocytes present in said harvested immune
cells; and

(e) identifying by screening methodology those hybridomas that produce monoclonal

antibodies that recognize said preselected antigen.

52.  Use of a device for transfecting immune cells of a mammal with genetic material,
wherein the device comprises a porous matrix contained within a perforated but otherwise
impermeable container, the use comprising implanting said device within the body of said

mammal, wherein the matrix of said device comprises said genetic material.

53.  The use of claim 52 wherein said genetic material is selected from the group consisting of
DNA, RNA, and cDNA.

54,  The use of claim 52 wherein said genetic material codes for an antigen.

55.  Use of a device for the treatment or prophylaxis of a disease or condition caused by an

immune response, comprising suppressing said immune response according to claim 15.

56.  The use of claim 55 wherein said disease or condition is selected from the group

consisting of allergies, transplant rejection, and autoimmune diseases.

57.  Use of a device for modulating the immune response in a mammal to an antigen, wherein
said device comprises said antigen and further comprises means for limiting the passive diffusion
of molecules out of said device without limiting the active movement of immune cells into or out

of said device, said use comprising implanting said device within the body of said mammal.



