*166166* 14 THODS AND DEVI CES FOR MODULATI NG THE | MMUNE
RESPONSE FI ELD OF THE | ON The present invention relates generally to
a nmet hod for mmmM“MQMWﬁ mammal an i Mmune response to an antigen,

usi ng an |nplant whi ch exposes. the antigen HQ cogtﬁﬁbéed 5
fashion to cells of tikeséi nmune system By creating an arti e

envi ronnent m m cking the conposition and role of a | ynph node, and by -
meni pul at i NETROPPAND DENVICEYFOR MUDULATINGIHE TREVINAVE RasONSRUS!
response may be induced agai nst an anti gen, ~or an existing immune response
may be down regul at ed. BACKGRAIMDDT THH 11{0)
LETUICEI T I MIEM L LT T I 1T *@00002* 10 | nduction of an i mmune
response to an antigen and the nagnitude of that response depend upon a
~conpl ex, d F e and
Sooati ma P AR M e e R S nddRRe s AR ST
and ext egporsk texpagiges, wing heimplanrabie dewtd shich dxbeseamme aetipealifla th@rolled
¢o-stinulatory milieu further teghgéate t he i mmune response. Wthin the

body, "t FeRienyarelinpf theimmyga s HEGPURSH ARG R EroRend gHpackingthey
brought . dr@%ﬁiti&ﬁaiﬂrrgf&'dpatlgmgﬂ nb¥dmhe bgr chﬁﬂﬁi@ﬁﬁg bﬁ)%viu)i:mii]t ?qﬁt?%eéﬁ:'it}tt e

numer ous es 1 nvol in t'he en- rese

~ such asthﬁ%ﬂ&ﬁhﬁgﬁﬁstamiodﬁmday bé indoedd spairist &lnsrmg’eh, &M @@ﬁ‘mfgr 1ﬁﬂhuﬂeh@sponse
‘periphery to | ocal, ani zed | ynmphoid tissue, process the antigen and

pr esent M@kbege Hmdﬁg éﬁgldes to T cells as well as secrete co-stinulatory
ol ecules. Thus, if antigen reaches |ynmph = :) organs in a localized
{staggered manner, under the optinal concentration gradient ammMHMMﬁmmmmw

20 appropriate enV|ronnentB@QﬂpﬁRgmng)cn:sgenuhanorymﬂolecul se
is induced in the draining |ynph node. In this nanner, a forei gaoantigen

I ntroduced into the body, such as by nmeans of a vaccination may or my

n res e devel o |ra r.obys e _respaqnse.
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and Vi r gsfiple] itetphS] dmGRAO ALK, va%@uérhﬁ)eg o€ aRmEnOelsathd BakiiAlafgpends in
‘part on the type and quantity of the antigen, the |ocation of .the site of

i muni zBrleskles ancluding cWelsings ansk chemokingpn; Bhe Siingmdsaxterie@f expasuestof the
vacci naj riu?iﬂne wis tg tlie ar{i\%&h %&&e%?%tlﬁﬁiiﬁoilyymilmgﬂ%? Iilrltocdul%mti'ief 1(r)nrm 29 res onse.

i munogeni ¢ a
Within the. body, these various cell types and additional factors are conveniently brought into

15 proximity in lyntphoid tissue such as _lymph nodes. Of the numerous cell types involved in the
process, antigen-presenting cells, such as macrophages and dendritic cells, transport antigen from
the periphery to local, organized lyinpho‘id tissue, process the antigen and present antigenic
peptides toT cells as well as secrete co—stimulatory molecules. Thus, if antioen reaches lymph

r-:ii:-i-:j~f) ~ organs in a locahzed staggered manner, under the optimal concentration gradient and under the

20 appropriate envrronment comprismg co-stimulatory molecules a response 1s mduced in the .

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 Idevelopment_of a desirably- robust immune response. .Antigens used
- for vaccination incl’ude attenuated and inactivated'bacteria' and viruses and their components.
25 The success of vaccmation depends in part on the type and quantity of the antigen, the location of
| the site of mnnumzation, and the status of thei immune ‘system at the time of vaccination. Not all
- antigens are equally 1mmunogemc and for poorly immunogenic antigens, there are few
alternatives available to increase the effectiveness of the immunization. -Whereas in 'experirnental

. animals numerous techniques are available to enhance the development _of- the immune response,



alternatives available to increase the effectiveness of the inmmunization.
Whereas in experinental animals nunerous techni ques are available to
enhance the devel opnment of the inmmune response, 2 14 Decenber 2006 such as
conjugating the antigen to a nore i nmmunogenic carrier pr te!je

bi omol ecul e (e.g., keyhole |inpet hemocyanin), or the d g S?mgﬂjzg\(l)gnts
such as Freund' s Adjuvant or alum for human vaccinations such techni ques

and adj uwhtas cdhRigAdig M¢antigddl 1.2 hbkSImMtGEERid TafeB PASESD or bihol¥RiH @.¢
ot herwi se be preventabl e by vaccination before exposure to t he i nfectious

agent, okeyhelglimpet hemnsyating of H@r%pé&ﬁtaﬂﬂw@@& gaheas Frennd'svhgjuivard e elutr or
devel o ect | se to,an st di sease- causin
agent or Mty vaEiafong S Bt U gnd sERRERT Frewy HaBbke T oSG
i npl ant b dioBRt RAMSIRES PR TBY vhtblﬁmme?ort BxRERSS tn@ﬁrfécmﬁ'ﬁnfgegﬁgr in

popul ation attracted to a foreign body, h produce what is ca

st ei | e Hissessf a thethpsplonveesing; thet mayp lmﬂucclla@vebpmenmfamaffebm ingiendoeen

| oaded with antigen to fuyrther stud t he at ted cell population. Vallera
ot al. (ospoiseca it grisias srh <abing Yeo oy Soll i cisoHEaet BGHERF n ty
tumor ceplentn mce to exam ne the conposition of cells attracted over a
16 day peri od and found that at an- early tinme, cytotoxic cell precursors
were present, and cytotoxicity peaked at day 16. Sponges containing tunor

cells i ngl anted in mce that had been previousl y I mmuni zed with tunmor cells
15 showedPNEFIAW %“éﬁi“é'eéﬁﬁé%\?%ﬁd’@r%‘mé‘}f‘b{“éw Tio1assess thlﬁenw@ngeopulntnon

pei t her oneum sho
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i n ohe spadeplagaiin haot baén loéd&l&ﬁxthJmtlge’mﬂdIf@rttherl‘dﬁidb(lﬂéat&ﬁctééaelﬂﬁob\ﬂd!ﬁﬁd ,r‘—--'-'
simlar conditions to follow recovergg of cellular Immnity in mce }

recei vi nf 2BHgmgs ak (19830 FancerResasrh 4 4AL HriaM implanted sponpeseeomtdining tingaradllsin on

by inpla e t

dot er i oy GRRRHRC BRAGHGIN bE g SRER 1B 0k Briod AR Pt et w0
r ecover eearlyntiinbecidRoRBasli rairsoryWere préseng Qe cHlofxidllyt fdsRePit i( 16/ s;%fr?ges
| munol . 143: 379-385) injected a tunor vaccine 1 nto sponges i nplanted

t uror - | nfRTHBINIREEmOE feflsiHilanedbia mics thashed aerrbwewuaysr@enmﬂymhﬁwmeceus
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irradiated tunor cells to show that these cells could be used to adoptlvel y
tran Sf er Tesponse to the antigen in the sponge. |

Jenski et al. (1985 J. Immunol. Methods 85:1 53 ll6l') used similar conditions to follow reeov'ery '
of cellular 1mmun|ty in mice recexvmg syngeneic bone marrow transplants after sublethal
20 - 1rrad1atlon by 1mplantmw sponges loaded with antigen: Recovery of immunity was determined } |
by measunng,cy_totoxrc T lymphocyte sctmty of cells recovered in the sponges over time. |
" Zangerneistér-Wittke et al. (1989, J. Immunol. 143:379- -385) injected a tumor vaccine into
sponges 1mp1anted in tumor-lmmune mice, and momtored the géneration of a secondary immune

- Tesponse at the sponge site. No accompanying effect was apparent in lymph nodes adjacent to

25 the implanted sponge.

.Chen et al. (1994, Cancer Research_54:1065—1070) harvested_ T-cells from sponge implants
loaded with irradiated turnor cells to show that these cells could .be used to adoptively transfer

" anti-tumor activity. The frequency of tumor—re'active.cytotoxic T cells recovered from the

_ sponge,_ along With regional lymph' nodes and the spleen, were measured in animals receiving the

0 tumor-cell-loaded sponge implants. The sponges contained a four-fold higher frequency of



anti-tunor activity. The frequency of tunor-reactive cytotoxic T cells
recovered fromthe sponge, along with regional |ynph nodes and the spl een,
were nmeasured in animals receiving the 30 tunor-cell-|oaded sponge

i npl ants. The sponges contained 'a four-fogd hi gher fregusiembal 200614
Decenber 2006 tunor cell-reactive cytotoxic T cells than the |ynph nodes,

and 50- f ofuchdpicOiGEactiDaRyvioR Bt ' iani.ficant research is underway to
addr ess these defiagilenc?"tgs ’él;n ecfe#lg\ﬁa%\?légiaﬁ%nw °F’e?6'f‘é%-f§[§cfsgh@§harméeen.
dr awbacks associated with the therapeutic techniques and materials renain.

it woul herefore be desirable to devel op a technique or nodality that
woul d oveVeWgsignicant prseasela isupdeswanto addesss desatieficighdids iﬁ@ﬂ*é&m%%ﬁwzglable

I mmunot her ap: d_like treatnen ratocols, such as prophylactic an
ther apeut TR0t AR e Bt Rt RAUBS Tickinenic incbmiants weadtopeterntma, (inew,
ef fecti vewadld tiedrbfopd 8HUeskab R @ U5 810 Qrteéhgpc{uh\ﬁ?%f%&ﬁc%v&ggas of

i mruni zation of both healthy manmals an ose avercome dip

i nmufiot heptablpms fuesehy msoeiatechwithbbhtepotady ihMRRG®SSpY BRI IIFIHDE . xgtsp‘%&%é& to
a particul a.é antiﬂeF Qr series of antigens offers advantages In _i 5 _
t r eat ment UGt 2PIOBRYIAEHC aitthsrappatie vensinstion randdpithereby frilictte the,debelop@sat e.

't i i i t h d_like object t hat
Lhe pr osai chdete ATk Rr AGHL IR el REn Ao sHon e bpttianc o

Wi th the hpaisemanimieatd those that SitayHenafit®dh GRnf@iot | gLyl e,
response in a nanmmal to an antigen is provided by i Igsrl\r'ttl ngg%pﬁ{gﬁﬂﬂ}ﬁéo
“body of tHBPESHIRSIMEREe dgspogse 53 pastipilasantigea opesrssf antigehx offerdtadiatshes in

wWthin a o .se i nperneable container. The antigen to -
hi o an RN a el Ak BELNRS T REATTAectoR. Rravpirlout inatcordngly ¢ he

' device. tawerdaht agjdeveimant BE thse a8Mliké 6b ' Lipl antation or
I ntroduced after inplantation; anti ger%tgfvecgg%tqﬁenﬁﬁ eglE ﬁrrlx‘a/{ewo% lfndlrf"ﬁ ‘devi ce .

- at the time of inplantation may be provided in a non- bioavail able form

~whi ch becones bioavail able folw ion-_The device will attract
20 cells of the i mune system ﬁ@&%ﬁg@&lwmi n the device,
and the encounter will nodulate the i mune response to the antigen. The
per f or at.ed coBt-ai ner. acts as a diffusion _barrier, majntaining within the -

devi ce cRIdgugeVith SeRhEwentan, dusepf & gewes g madasing the spmungresphmseih a
by i : | 1.t .hi. h AVA whi ch.. t th [ |
T e aifimabollDiiBeh Wh S0 By b RRaSE VERBEEES 0k B Pl AR BrgEe  The

per For at FOmSripgm foreuramatin exgtainal afilinegidfitated bul ARG bbinca i ntainer
desired Lpune response nmy | ncl ude- cellular, nucosal, an unor al )
Cimmuni ty, TSRl %"é&x“’b‘%h' bR iBEYns e oRseis slesirsd ispesaitsin drechorticaratik Of the device.

The antigen may be present in the device before implantation or introduced after implantation;

'anti_gen p_resen§ in the matrix of the deviée at the time of implantation may be provided in a rion-
;j 2-0 | :bioa\.raiilab'l_c? form which beco.mgs biogvailz_ible Tfolléwif}g implantation. The deﬁce 'wiil aftract -
| cells of the immune syst_em to encounter the antigen within the device, and the encounter will
- modulate the immune respo_née to the antigen. The perforated container acts as a_diffusibﬂ .
barrier, ma_intaining within the device high levels of cytokines and other co-stimulatory factors
" produced by immune cells within the dé_vice which on exj)osure to other immune cells in the -
R 'dgvice,, c:_nhahce-thc development of the desired immune.respon'se; The perforations permit the
25 - ingress z.md'cg'rcss of ix_rimimc 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. - : : o

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

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



may benefit from i mmunotherapy. For exanple, in the practice of the

I nvention., small anmobunts of antigen are provided wwthin a device of the
present invention prior to inplantation within the manmal. Preferably, the
antigen 4 14 December 2006 is introduced into, or beco i |l e
within, the porous matrix of the deV| ce abbut three yiDg#e?I?be%b&’b

| rrpl ant at th| n .t he nmamal ne response to the antigen
sl b GFRFRES bidaebiS v hiS: D oo BAteD: of s dimiicecabous three

corrposed @dyshiref aEpRAGALE WIBHiE flcathsmifi. G ﬂ]ngif,] aded w thin

t he body._,&iternatlisvel y, the develatjge maly %é@‘%ﬁﬁ@ reéﬂélqsﬁz tigen aplljbe

has achi sdeced inghelamnmmal. effect. In its-broadest aspect, the present

i nvention extends to an inplantable device for imunizing a manmal having

the follow ng characteristics: a porous matrix contained within a

f or at b t the d furth
onpri o i e bABONREL P BLURE R compasasat bioestal Smeﬁnvétééalﬁéiwiim eventually
bi oavai | addgeadedrvitiinithe by, |me&9ﬁ@él¥%@év1&qﬁ%?€§ ﬁk&%&t g}eﬁbcgdm a{&@rfl‘ fhe

matrix after inplantation, or the antigen is iIn

I mpl ant at#@rpveffh@debmmﬁedtabl lity of the antigen within the device may be
controlled by providing the antigen in a non-bioavail able formsuch as in
a del ayed rel'ease fornulation such as that provided by m crospheres,

m cr ocapshli&brosdest RS k ' re e-anti gen
into the 1S rratrlsxéég’?é?he drg%cgnewm;cgur%%g%; le[ﬁprolg h@%{%‘“cﬁ 8r Jrrpulizig a
devi ce ofmammabhewiepthd follemting charaneri®ics Sqdréws rﬁﬂﬁ&%ﬁ@meﬁrwﬂﬂﬁm e?t%PAtéﬁ But -
t he |m'runeq1res onse to an antigen within a mammal , by using a din

concent r at 'g¥" méPeﬁ‘é‘F't‘l?alE W&W‘%ﬁtmﬁé‘?ﬂw fiuﬁh?f qqu)r@mg aneantigen lwhidsisleithed N

{su t t dth
TP L doeept il (o AHER if BVRARARNIE GBS ) bilaReuSt or Frtomenigmmtiable

Oyt oki nesWtﬁhm(thdnmatmoa.ﬁen 1mﬂlatmiqn, ooﬂeeud@sm is ﬂﬂro’ﬂh&&i herel ﬁfg& pgigﬂé{ﬂu}tmn The

lities of the uses and devices of t

t he devi ulﬁ%'i'l é&ﬁ
invention ?"hé‘? ntigen withingthe dpﬁmﬂé}’bel‘ibsﬁdﬂedrhytmevnlmgmeaﬁﬁgen ina
subsequeont b N AR FbhRTubNLOid J‘&r%%&]ié%l ef&%‘? RIS R af flﬁi[tBr oM ng

adopti ve i nmmunot herapy, active tnmu I on, recso ng"‘??ﬁ’eb?’f nmune

system %rmhmes anwrocapades, o llipdsomapwhick mipoﬁ dedriddtida rBle8RAhE LG nto the
. pol ycl ona}l1 t&gd&es (1t mune serum and nonocl onal antibodies, | nc di ng
the prepara A W5 99560 nonocl onal  ant i bodi es in

In a further embodiment, the use and dev1ce of the present mventlon can be used to decrease
or down regulate the immune response to an antxgen within 2 mammal, by using a hlgh
concentration of a paxtrcular antigen within the devxce Wthh results i in suppression of the

{) | ‘immune response to the partxcular antlgen, and the inhibition of the development of an immune

20 response to the antlgen Cytokmes or other co-sumulatory molecules can also be prov1ded w1thm
the devxce | |

“Further uti]ities of the uses and devices of the present invention include the herveSUng of
. immune cells from the devnce for subsequent remtroductlon into the body for the purpose of
' provxdmg adoptrve umnunotherapy, active immunization, and reconstituting the i immune system.
25 Additional uses include i 1mprovements in the preparatlon of polyclonal antibodies (lmmune

serum) and monoclonal antlbodles mcludmg the preparatron of human monoclonal antlbodres in

animals harbormg human immune cells.

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



ani mal s harboring human i nmune cells. As will be evident below, using the
i nvention described herein, by creating an artificial 14 Decenber 2006 5
envi ronment m m cking the conposition and role of a | ynph node, and by

mani pul ating. the bioavailability of antigen within th Vi C
elétglﬁ ggi({gﬁder

devel opnent of a robust response againstgan antigen is W

~different conditions for particular antigens, an existing i mune response

co e A e e A IO S B R Al

inventi eibavaNilig o? aflaycrPRithiadhaddvide, ibdlecasibphRbIAREBSst tdiBoskiagaidt #h
mammal . FI GURE 2 . depicts an anal ysis of the nunbers and types of cells

present antigarhis adiovese Widar diffeyent cendibens fappatkewler omigans, ho existing irmmiungen
present within the device. ﬁ]ffg FI GURE 3 shows the change in popul ati on of
var i ous "ECBPISGSABLS AFPHRRUARY device at 4, 7, and 10 days after
inplantation, in the absence of any introduced antigen. FIGJRE 4 shows the
nunbers of CD3-
DRA q and CD 14-positive
cells (macrophages as representative subset of antigen presenting cells)
"wWithin the device at days 3, 7, and 10 post 15 inplantation. Antigen was
i ntrodu ' j stk ' . . an
anal ysi o PR Lol £ O RS oY cBl PORIAGSTRY Riihah 8ftice 1y Feechi giod
(cyt ot oaver a9 dey parjadoaf¥drtimplantageh hsderithe skin efd memsnadf m ce ten days after
inmplantation of a device containing either none or various anounts of
influenza antigen, or inmmunization in the footpad wth antigen plus
adj uvantpgeR i %ﬁ ki f i £ [ nse,_of
spl een cFé?l S t% I'n S%Sr?gg&g%{o?tghgﬁu@ g?nyan?ﬁt)é%elg? ﬁgélgé%rtg%é?fnﬁégd%‘gggpqurrma ht ed
W t h a - déer meplanatiai withgutany iagegen paédeht withinithddesticeadj uvant, or i nmuni zed
in the foot pad with antigen plus adjuvant. Spleen T cell proliferation is
measured by gamma-interferon production. FIGJRE 7 shows the | evel of :
gagpgma- i t - 1- S d ] lit eal Ly :
moie. of 1SS! PARTAE chifhetl plpAfidrtor BADE X ODTLRRR the G 573, /AR 1o
adj uvantdaydfidoeme b eatioADithe absence of any introduced antigen. '

FIGURE 4 _show_s_.thc 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
representatifvc subset of antigen presenting cells) within the device at days 3, 7, and 10 post-

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

FIGURES Sh’oWs.an analySis_of the change in ex_pressidn 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 adj.uvant. _

20 FIGURE 6 depicts an assay of the proliferative fespc'mse 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 .gamm'a-inter_feron production.

. FIGURE 7 show's' the lchl_ of gamma-intcrferon_ secretion by-T-cellé’isqlétéd'ﬁom po'plitcal

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



6 FI GURE 8 shows the proliferative response of spleen T cells as neasured
by level of gamma- interferon secretion in mce inmunized with influenza
antigen, with or without adjuvant, using the device of the present

invention. FIGURE 9 shows the activation |evel of spl eerhcli ce:F | s @g
measured by |evel of ganma-interferon 5 secretion in nide*TRREAD8d with a

range of doses of the antigen oval bum n, wi t hout adj uvant, using the

devi ce resent invention, as conpared.to the proliferative response
of " spi e OLfT BSRaFD he.ate FEL P kerlanatl Blpon dotiplscs st 5l leyel phgamane

. - oh ok 0 the .
by o1 s onMEFEAR, BrefBh DAL rintni A8 W Htue i ek A 30 VABBME Al e

gamma- i nhedéwecoof thepre3tntanvdntioni ce i nmmuni zed with either none, 50 g, 50 ng,
or 50 pg oval bumin, without or with BCG adj uvant, using the device of the
present invention, as conpared to the proliferative response of spleen

cells fr } S | i f inj,ection of the sa doses of _

anti gen Pﬁmﬁ}%g%#o%%%g% g%ﬁﬁéﬁﬁ?&@g@%gvﬁgh? AemeARsd li’}f:%é{ﬁlt(? Bmmyeeigepa

ant § bodysetreso® HSMide mAMiniBdSyitHP Faipt o d¥dcs b £ thel MntHRY 0¢ 8B umAD ikl Qg%l%%ﬁ@“s
y

doses of HIV gp 120 peptide antigen, conpared with animals imuniz
f oot - padisingjthe dedee of thi prasentanyantignsasscogipazed fogtba ppiliferativé respanise o lsEldRE cdlR

shows -t sane_experinent, a epi.cted in.Fiqure 11 b foll owi ng a_ boost,
Shr oo ik MK RERRATER b Foot R iRleStiod B (e riten didotsuo HAas Wil ne
initial Jdjaadpd.zation given bY? the same route. Devices inplanted in

-aninmals were reloaded with antigen. 20 FI GURE 13 conpares the devel opnent .
+of specific |g&Ra antibodies against the HV gp 120 peptide in animals

i i1 ith the devi. f th t i tion, with i t hoUt-
Rpi - or TG DalihcepisRdnt B S e arBo o SR r il 8 Mt el aane. )
aditbv ant dmmd=hfetfror dod@RIGh tnibb inBRELA Wit QRANA, SHALY 5b BY éd‘npgg["hga' s

i mmuni zed with various doses of cytochrome C anti gen, usi

devi ce afvalbnmipreslenit or mithrBCGrdjuvahtpusing dieudavide oftthe preséih ivvasnvien) asonal

f oot pad i nmuni zatj on \{VI th.the R bi fqdpjéuvanil. Circulating g&a | evels were
det ect ed® 10 dhq prolifratie TasRONST of WleepsgUe frogy animpls ipgpwErs by frotpady _

FI GURE %RjeStiuty6r thE Sath8U6des OF ahtedlwittDRIbi G8RR-aNi. ' us- speci fic 1gG devel oped
after inmmunization '
FIGURE 11 shows the specific anti-antigen IgG2a antibody response in animals implanted with
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.

FI_GURE 12 shows the same experiment as depicted in Figure 11 but following a boost, three
‘weeks after the first irhxﬁtiniza_tidn, with 10% of the amount of the initial immunization given bya’i"—"_ -

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

20 FIGURE 13 compares the development of specific IgGéa antibodies against the HIV. gp120
. peptide in animals immunized either with the device of the presént inventibn, with or without

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

FIGURE 14 depicts the specific IgG2a antibody level in énimals immunized with various doses
. of cytochrome C_antigén,_ei_ther using the device of {h'e preéent invention without adjuvant, or by
25  conventional footpad immunization with the Ribi adjuvant. Circulating IgG2a _levels weré

detected using serial dilutions of the mouse sera.



of mce with either 0.1 g or 10 gg of influenza hemagglutinin protein
fragnment (BHA) in the device of the present invention, wthout adjuvant,
conpared with the same antigen dose given in the footpad, with R bi
adjuvant. 5 FIGJRE 16 depicts the results of a T cell a%'bvati on 3&?ay

) . . ) cember 2
usi ng gamma-interferon as the readout. Mce were inmunized Wih-intluenza
antigen using the device of the present invention, wthout adjuvant, B
conpared with footpad inmunization using antigen with adjuvant, and al so

conpar edIGURE hivshovisahe bavelpf tah nflugere ;’HU%?P@F'rﬁﬂ I&ﬁ;tf_é?deb@%a@?rpmnwmgﬁw
0F the s BuehPnRYERTTE ik T et Ea RSk S RbER BRR'PORR trador PRAAT Y °°

exper i MeRYicHRPthe greséht nQeiid, bemoet Lfju vl @8mpadl Gith thelsaicianfibadgd given in

i mmuni zed mce, with unrelated antigen (EBV), indicating the specificity of
" thHe reshofietpadewsh®kichdjumanbwi ng. i nuni zati on using the device of the-
present invention. FIGJRE 18 depicts the results of a protein (bovine
serum al bum n) diffusion test fromsponge alone as conpared to the device
of §he pESRLE 15 BYAEE ¥ resdiB 5Tl GBS 4QivA6Bh Gisy Lbia g RARRNL NG fRbn £aht feadout.
extracted froma device of the present invention, wthout or with

i nf | uenMicamere mmudizedhysthahfleenza asiegen wming the denice ef thegiresest ihwentionewithooe
~cell types in peripheral_bloqd I hacytes from najve .nm ce are shown.

FI GURE. A4 smBlusomped i footpad dnrRBIZfion ySiog eIEmauith AV et fdkaligrooptpared
present . ayvent i i Q,: : i i1
Seram 20 ETEtgh Vi e B F g AT BB Sl IR E o] RSyl the
peasur ecebfprated totraiaer; anikeld éevicd eitheprasedtlinvepsivps). by the inpl anted devi ce
of “the present invention containing i-nfluenza virus vaccine, as conpared
‘wi‘t h ani mal s subcut aneously i nmmuni zed with influenza virus vaccine

by 1 ho 1R BT o H e BT PRIt o TRy o S ARy

t he devifesm @hflddpga indnmaniead niicy eith unnelatedtantiptm@B VIY, indécutiag \the siecificag 6f e,
Wi th mce i mmuni zed subcut aneously with the vaccine plus adjuvant. 14
Decenberresonse dgvefqpediflowing hpipnizadon Lsingiths deyice offthgpiesent apsation.c | gg
raised in animals imunized with the device of the present invention
contai ning influenza virus vaccine as conpared with animals inmunized
subcut andGiERY 18idepictshire waolts ofa priotesn fekyvineaserum albumin) diffusion test from sponge

alone as compared to the device of the present invention.

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 st_imulatory 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
vaccin_e, 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 - IgGl in mice immunizéd with the device of the présent invention containing influenza virus

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



FI GURE 24 depicts the survival of mce challenged with influenza virus
after imuni zation with 5 the device of the present invention containing
i nfluenza virus vaccine as conpared with mce imunized subcutaneously
wi th the vaccine plus adjuvant. FIGURE 25 depicts the tjt
i nfl uenza-specific human 1 gG anti bodi es rgaised in SCID lr?i%éce%égnlznoéma devi ce
of the present invention, conpared wth intranuscul ar i munization. FlGQRE
26 showsiGOREST ity tsh ' -i.nf:] yenza antigen. (a
dosari bed TG B P sanr Bt futeRh 4B b P 530w
adni ni stewté ofthefpresent geentidal GURENIDE isfimaza virhevaupRrL$shparediwith il iy ne
response b¥1 hzie%h ampunt s of %Qf:ﬁ'll gen present. in a device of the present
i nvent i BAMURZedjgebakancoiy sYie Y a¢¢iRe pluspdityaf t he devi ce of the present
invention for immunization with plasmd DNA. 15 FI GURE 29-31 denonstrate
the utility of the device of the present invention for generating an
i une FESPRESH depias ped yisaesihevhide camdncgecmwitﬁliﬂif’e%za’»Zirdwﬁ&tiﬁnﬁllh‘?zdﬁoh'd}ih{
of the devjce of the present invention for eliciting an immune response to
a Hi gh! (redsyicef de prssent minenton FoRtainire indlyenracyimin tvagmng asyoshmpdd With .micé GURE
33 showg, the Ut Ll f -Hevi f the present invention for eliciting
-'an i mmune ngl&g(tfl ééé‘%%‘*s"%"%‘%?g“g‘gﬂég?%%“% lluf 6&"}" ing whol e ani mal s. DETAI LED
DESCRI PTI ON The present invention provides a nmethod for nodulating in a
“manmmal an i nmune response to _an antigen, using an inplantable device which
exposesFIGARERS dapicts thediteroef inBienga-spasific bnmiap Ig@ lahtbafieslrisbe 4eSUHD nR0d6 9
“the i tem creating an artificial environnment m m cking the

{ conposi % i g%g}é%‘élcf 8 If@/ed?resegg Wﬁ%‘h"‘h&%‘}’a&ﬁd’“ Iy InframpuseHlan imsgunizasion. |
- bioavailability of antigen within the device, a robust response can be )
i nduced _agai nst an antigen, or an existing i mune response can be down ‘
regul at Elfg bﬁﬁéﬁdﬁlﬂmhc@ﬁmww@mqnmnmﬁbmw toxinflier2a anfgeh@dd&clib&®in

erial., s ounded or. 5 .contained within a perforated but otherw se

b o s DRt A PUES I el s mis o ntigerer | The
perforated container acts as a diffusion barrier to maintain high '
concentrations of immune cell secretory products within the device. The
ant i genFEIRRI2Gtshawsithesuppressiop ofidles inimunorelponsabg aithoimelgitdlof RGigtApRbehtS

Presentin {0, 415 BULOHSnlBlb ©f the device, el ther before

FIGURE 28 demonstrates the utility of the device of the present invention for immunization with

plasmid DNA.

15 FIGURE 29-31 demonstrate the utility of the device of the present invention for gcnérating an

immune response to a polysaccharide antigen. - a&)

FIGURE 32 depicts the utility of the device of the present invention for eliciting an immune

response to a highly conserved and thus poorly immunogenic antigen, cyclophilin.

FIGURE 33 shows the utility of the device of the present invention for elicitihg an immune

20 ‘Tesponse to a parasite antigen using whole animals.

DETAILED DESCRIPTION

The present invention provides a method for modulating in 2 mammal an immune reSpo_nSe to an

antigen, using an implantable device which exposes the antigen in a controlled fashion to celis_ of



or after the device is inserted under the skin. For inducing a robust

| mmune response, the antigen 1o is preferably bioavailable wthin the
matri x of the device about three days after the device is inserted. This
can be achieved by injecting the antigen into the devic round | s tine,
or by using a device wherein the matrix conprises a deﬁ% 88“&5T2§¥§ form
of the antigen, which after about three’days becones bioavail able. For _

d | at i i.ng_the.d T e . . ticul
ant | gen. s Ha e Ststig By £ etae B AL i P Ve AT ryipking e Sompogiion prcpsle of
antigen 4 §ujbh. nodara?lﬁ%ryammi)mawg ghedidviaNaBlLity st MBYEER tRRT BE Bevide, h Sobust

I npl anted "wi'thin the mama In the instance where the antigen'is placed
Wi t hi n trespahey taebeaht wredtagainsteani andighaor ke enisiing iramueel respbeseaan bgdsowican  be

i ntroduced jnto_the device transdernmally using a syrijnge and hypoderm c
needl e, T5gulajede H"ﬁir: fGTIRGCTARNSES 8 RPT VI ‘B‘??\“/f‘h‘ee'nagmoélé%q‘gﬁg“aitﬁ?grsPFﬂ‘Q‘dFﬁé?Y or
needl e | . i ' ' - : I
e i i R Lt e L i S
event ual 4 yordaiaern tihg patferaréd dintritdractsad y,diffusion baraier hanainaimkigh cafdeftratidnshas

achieved its desired effect. Antigen can be_reintroduced into.a device at
a | at er ofiimsnunpicell seareigenpreducth Withitpthe gevicen The artigea\ip wdigh aviammepsnenss

adj uvant. . i [ | : . | dvant . i sed.
The " pr esinbe B ST dRkcpRAks RATk i HE LEERR e £Br B dUEE b pdt 5
wher ei n @ afer dRsdevirblicinseradnadecthpekize Ha st lganedudimnitkeapotkea@aiaftifern
antigen, and contrarily, wherein an existing inmune response or the _
potlent i als preferablydiiogyailablp wvithirethe sapen of theglavireabautshreeidays after thadavigens can
be suppre .bl ocked, . respect| yel -lncl ude.vacci nati on, such as:
vacci nat Ll“?\'%ﬁ%éa ht'ﬁwcyanﬁ?gr?rcrg'legecggaﬁlﬁués ﬁ‘ﬁé‘? ;@fﬁ%grlﬁtgn “i%jeg’r‘n%e?‘“a‘h“ﬁﬁg‘.“&p8ﬁ§¥ c
vacci nat ey #HOGEMWE&SiIn thBhREkaganpides alRyes sdieie BSmi Gfthe BHELE, WRERAReE
can be applied to a mamual before 30 encountering the particular antigen,
such as #bouthieeedays heenshesrhiogvedaieeReor dewmagtHating of pupsessog thoimmneagsnnse -

to an al]ergen, .or._ane predi spgsed t vel AT response, to.an . -
exogenou® ao‘%ra%lﬂ%foa@g'ﬁgh §’“§§f’ ‘?%‘ghn,% Osnutglﬁ %%ICP%Pau %eln%cﬁu}é 18%08‘5%@51.6 antigen 1s
Suppr es spréferstly provideauighin @spduvice tedite ifid ibprabiesithif @F midne WK inktagéd er
exposure to the .antigen, such as a mammal with an _allergic or anaphylactic

r esponseWheredhre airigen emnlaend witin thodsvics aftsr e detdedias Beendmmlapieds theppligamean

met hods ' ] i Qn: i . t all forns
of 1 s grosaibeiiiothe abytfs PASSARhKEY 4 QRindE End bR GHRMBE LA | T Of
' -identifying the location of the device, and inserting the needle into the device. The device can be

left in place or removed from the body. It can be made of biodegradable materials which will
20 evenfually_ disintegrate within the body, or it can be removed after it has achieved its desired
| effect. Antigen can be réintroduct;d into a devi'ce'a_t a later time. The antigen can be used within

the device alone or with an adjuvant, ora combination of adjuvants. Preferably, no adjuvant is

| used.

The pfesent invention offers improvements to many.forms of immunotherapy, wherein a
25  desirable immune response is developed or increased against an antigen, and contrarily, wherein
an existing immune response or the poteritial _t'o de_vc_lbp an immune response against a particular |
* antigen can be .sup’prcssed or blocked, respectively. These include vaccination, such as -
vaccinating healthy mammals against particular antigens, and therapeutic vaccination procedures.
.B]ockage_ or suppression of the immune response_can.'be applied to a mammal before |
30 ' encountering the particular antigen, such as a future transplant recipient, a mammal anticipated to
be exposed to an allergen, or one pfedisposed to develop an immune response to an exogeﬁous or

endogenous antigen, such as in-autoimmune diseases. Supptéssion of an immune response can.



5 The configuration of the device and its nmethod of use sinulate the
structure and function of manmmalian |ynphoid tissue, and particularly a

| ynph node. In the body, introduced foreign antigens are taken up and
processed by antigen presenting cells, macrophages and gepdridtCodr! s,

whi ch enter the |ynph nodes and present jjmunogenic peptldes erlved from
the antigen in a particular conformation with MAC antigens to T

I h I Th2) provides h for

o ool s CE e R VR Bphent il shaha Wik R B epoe BliBivc

cel I's caesponsetorat antighh) ciidhé gedergbing ¢&jbatioh@F RS Lhitt. mhlelﬁé%ll@ds%litde@l&é 8?”5
or recall antigens) and differentiate into plasnma cells secreting

ant i boditkspregentiipyention arelBireciedipw zidra] fanms efdmmmity, irmmidigeceljuleskurhomng and
cells al Iease t oki nes, | ynphoki nes, and chenoki nes whi ch co-
partici ;@fcg R @ével opnent of the innune response. The perforated
cont ai ner conponent of 15 the device maintains a diffusion barrier which
mai ntai ns |l evels of the antigen and i mmune cell secretory products, such
as.5 cyt dihervonfigwiatini of thealediee and itamkthad qflusxsimuate tife stineture@nd Rneedd 6f

within the devic he, perfor tlons r strlc the diffusion of these
nol ecul W&ﬁ?‘l‘ﬁ'é“%@ﬂ “B’lfP }qu‘la[r Fé‘@d?n @%?O‘é)hdm@gl"@séf%ﬁlghmmne

and ot h"aﬁtigo 'tz{l(le ufi1 d gl'btceé%tad Bp%nggéﬁ éﬁ‘gsent @%Xellssmﬁuog%g Qltl nt I

“have been uate to"in aro I nmun spon

i nt er actwioch betkem&&rlymble nadusiand prezesisiemiunsigéic peptives denvealerandhd hﬂlgbﬁn%lﬂe
-ceI | s and co- stinul atory mol ecules wthin the device is thus optimzed to

fenhance pﬁﬂé’“&%’\f‘é’l‘% ¢n ufthtWéC antgerdordypphesytess A specialsilgshof Boele(TD4s

i rti cells /
|t a2 AR R TP R BRI b Bl AR Al R B TR R PR S oy
i ni ti at @cellsataniifterac@@ith @ntigh areetlgr(¢sbec1al;sna&§>le Uit Whtigehs 68FcEAl Antfgnks Of
t he |m’runeﬁib%stem are attracted to the foreign body and enter through the

i mi t ed At AHEsreptiatp inte plagip oals seoreting ppdbdigsspeqiBataitp dmmamizing meigsinGhe

hy. ant PRRRGbALHARCASAE I RIS MRl SRR hand e Rkt MR A bour
day t hr gesticipede iinthe@ieeeioprientiof gld)lfmmlite: 1éspongre T perforated CorftXinitEdBngInefit of

present hi.n the matri x, the antigen is taken up and processed by antigen
Sor es&it ‘it’?l’g%aal"éalam diffusionhagier Whichmpiptainoleyels of thagntigen andinyeiteee!l

1 o0 BB b h 29U St Rie oy kB3R BT SRR ERINARASE cofiimune

cells can ente ut the antigen’is retalne
the deviwithiamige ddvice Citequret fosdtions reserivn itresdi ffudén oﬁ&eﬁk}nbl&&xl@@ﬁ@@ﬂh& atvie®putof

co-sti m;J)legttu% rtl‘vle free in d fi
gress and egress of immune and other cells into and out of the devnce Very
small amounts of antigen have been found to be adequate to induce a robust immune response.
'20 - The interaction between the antigen present within the devnce and the immune cells and co-
stlmulatory molecules within the devxce is thus optxmxzed to enhance the development of the )
| immune response to the antlgen as well as 1mpartmg long-term 1mmun1ty by producmg a’ |

populatlon of memory cells.

" Implantation of the device of the present invention into the mammalian body initiates what is
25 | termed a sterile abscess, in which certam cells of the immune system are attracted to the forexgn
- body and enter through the limited number of perforations. Over the first few days, an increasing
cellular population accumulates within the device, even ini the absence of any antigen. With the
“bioavailability of antigen in the device at about day thl‘ee, and the encountering of the antigen by
immune system cells present within the matrix, the'antigen is taken up and processed by antigen
30  presenting cells and presented to T lymphocytes. As the device has limitecl elcposufe to the

outside by way of the perforated container, immune cells can enter, but the anti gen is retained



factors secreted by the cell population with the device, nmuch in the sanme
fashion as within a |ynph node. After T |ynphocytes becone prinmed and
activated, they can | eave the device through the limted nunber of
perforations and re-enter the circulation. Thus, the deyj Bgce%b%r%dédes a
means for controlling the exposure of thg antigen to immne sys emcells
and nmaintaining |levels of the cytokines and other factors necessary for

devel opi\pghi dPfTle TS ncdRSRONRS am°s3 e\rﬂ% fdQGEhégo%@f:ﬁt Gatlo?lg‘\oF gﬁBHfatqu{

bel ow, the device provides a severa

t he devedhaprsesatrendd tgnhe mepeplrlammﬂﬂemtc@leaxcp,ahmmuItm sanfy fa6l60n ad Withid &7 t her
theoretical consideration, the inplantation of a device of the present
i nvent i JWMPB nedeit Aftar AyyaPhemvis basrsmpriged anpaativiied] they et iegemthe davitenct i on

in an Optﬂpc)%lgl;i?henamﬂg({ mi%bgre eHQtl%qonsagl%vr% en'terr] tﬁehc:g}cyktu{)ﬁg?h ‘“%@9“' ate or

suppress ancexi St i'ng or I imune respons C®Exposure

of sT celdrSVMes5hea@<@esentamhhgma eapc;safeecsﬂthyami\gehlt@trﬂﬁxua@%té?ﬁbé{ls%dam' gen-
specific T cells, thus elimnati ng anti gen-specific T cells and

progeni t/BRigtainng &Yﬂs\ﬂé the eiplnesssid pgher fapdors eP¢Q§1$8@:Y foralspdnpiag andbwst faniuhe
nt| eractlvtlon of T
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stinmul us en in a refractory state (i.e., before activation st
subsi des) will trigger apoptosis of cells and deletion of the reactive
-cl ones ( he. an fi.c repertoire. The selection

|| z
o the el Greusieh e et B e AR o o6 4P iEr ¢ e RraseR. aeni ng e
stjgmul atdoRfifhe shﬁgémeﬁetso%a%n?&nz@fan&m éaﬂ‘ﬁix’ﬂ;‘%oﬁ‘?ﬁ?ﬂ’@ &agﬁhﬁgxyl é%ed\é'sc

the present |nvent| on wll be known or readily etermn

arti san.abdhe in that ffoge ldowmtrygld&tc ar ppptdss ah axisang ogenemiatinihenefedpdhst ie the :

ranges of |tse}|5m’runos$#olg %FSI ve and inmmunostinul atory doses of a particul ar
(é S

ant i gen CRETH XRASHEY H9 thefxgess ptigHn ﬁpﬁawk}blwtmpmmwg@me art.
NI SOV erspedifie 1i B QY LleliTRAR LRTRABSEIAC TRHthdBrobilf, bRERN Gopelset he

present i nvent| on 25 exceeds th achi evable wt t’l ona S8 eon
rret hods thmlb#harusu@mwand iriSQ the hymoel mgpoem‘,l digked twwmﬂudeantlgm use of

Jvant a_theo % $ tro led e f the_  antigen
2 bhe t FuimarRae LT S prdie By iR PR nFaterals W Ebr. cnbrelie s
appear s tb@he §Htip¢hid AU é%?bsu@g‘ﬂ‘lb mns&t a&cﬁﬁom th hﬁgt@mﬂ\%wﬁén iplgrune
response, which is superior t hat "achi evabl e e use adj uvants. 14
Decerrberrefl%ﬁf}’ state (i.e., before activation state subsides) will tngger apoptoms of cells and deletion
of the reactxve clones (B or T cells) from the antigen-specific repertoire. The selection of the
appropriate concentration of a particular antigen for achieving the stimulation or the. suppressxon
"20 of the immune response using a device of the present invention will be known or readily
.'determmable by the skilled artisan. The unmunogemc1ty ofa partlcular antigen and therefore the :

ranges of its 1mmunosuppresswe and mununostlmulatory doses of a particular antlgen can be

determmed by in vitro or in vivo mcthods known in the art.

| Mofeover_, the improved immune responee_ achieved by using the device of the present invention
25 - exceeds that achievable with traditional immunization méthods_which uéually, in the case of
animals, includes the use of adjuvants. ‘On a theoretical bésis, the controlled exposure of the
antigen alone to immune cells and their'eo-stimu]atory factors within the device appears to

provide an optlmal environment for. achlcvmg a robust i Immune response, which is superior to

that achlevable by the use of adjuvants



| muni zation offers an effective nethod for prophyl axis agai nst a nunber of
I nfecti ous di sease agents, such as viruses: for exanple, influenza, HV,
papi |l | oma, hepatitis, cytomegal ovirus, polio, and rabies; bacteria, for
exanpl e E. coli, Pseudononas, Shigella, syphilis, nycobagi&tinfer 206! amydi a,
rickettsiae, and Serratia marcescens; fo gi, for exanple, Asperglllus and
Candida, 5 and protozoan and nulticellular parasites, for exanple,

Schi st Pl di h nd, aneobae, | i zat lso
of fers TG SRS ot Fier e RRE R BB, Rty o pEiter S toR s idioss
al r eady agdtid, Sidhng Virues: &t dxBBRY irfitens, SHYS BapifToib RpARGE cyibglijygﬁfo@ﬁh& ous

di seases may be prevented or treated through i munization; as Cancer.
Many anpbly@nsd rdbessebanterimfer expopld §. dodingemioaqs, dhicllaayphilal ingeoHaagriaot

proved tg,be an appropriatg strate for the 10 prevention Qr treatnent of
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I pa e timal Ty %be

system of an 1 ndividual or I ent may not uncti ohi ng op

abl e t oapd adechac.ahmmiunizatien ales pffasahé¢ potaitizd nbingenthtfaptutisoudbeind tdigsaniag e
producegﬁgr,gbusi I U ,rez_ponse_ i.n an _otherw se heal thy_ indjvidual. These
si t uat i GKlevidysl ahreadysuffsypg frapy anyinfestionhdisepsg Furthermase ngpiadestious dispaseentayon
to sti ' . a onse uld not be
posai bl & Bisvefiel 8 hed BRUNA ihERRGATER MBS SRl “MaR BRIRE s Vel e

| mune  pesrhoirtGuiap¢niz| sl enetdsitioaltlag nboprovedito Beid giplogiadlitdtéySor BCh as
-allergies, or to prepare Fatie_nts for the exposure to foreign antigens,
{sUfh asPreyentionaidisatmant of thesgdisenses- ad diuv iz pbarcaspbradiselyvdtibalimeled to be

t he undg[!M' .etiology | U 20 _aut oi mune-and..ot her di seases, .-~
such as yp}é&?‘m |S§gceﬁ(gtsa,va }%Z?J{rzr)ﬁgg‘i%és e&?‘? hrf}’frlt%f'% FOSRUTYS 6? 39%@?%?%% jremune ) '
“uvei ti ssysioth b dividus ofpitidneal adtibe ﬁfﬁ\tﬁéﬁiﬁ% BpBrEIIAYd Be ab18Eh HoBYESan

di sease. By inplanting in:' an Individual a device of the present

i nvent i SAMYBATAPITISA e amantiges tleat tvanid pdenviseprodycoh rabalst igmmypre resp@nsoin an

recogni the antigen.can be.induced to undergo apoptqsis, .and b -
Cl i i mapBen PP e i Re TRt URRnels pyRRT o SRBY 33ihe aBce of the present
antsi genimspatiod foGtaRillAte a¢sbuspPrRiifihbe fobforlsandierd RN SREHIs2R o HoPbEHSRIbIe by
antigens without rejection. Further utilities of the present invention

i ncl ude CPHSABORALERMEN|ZAtieMprogedisesat i on of pol ycl onal  anti bodies (i mmne
serun) and nonocl onal antibodies in |aboratory animals and obtaining the
desired isotype of antibody so generated. In one enbodi ment, a procedure

for prefappregrionpst! th€ irpmahe {csponiss enayeilso e @RHabRAS GeatRMtaiadtohiedhe Suaw nst
an antigen available only in 30 m nut e@t}uantlties. can be perforned by the
devi ce 8Hergife Q5o RESRAre nlients forihe vrRosHEAIP dercesmaniigens, such as for transplant.

Inappropriate immune responses are believed to be the underlying etiology in a number of
20 autoimmune and other diseases, such as type I diabetes, rheumatoid arthritis, multiple sclerosis, L
-uve,i'tis, Syétémic lupus eryfhématbsus; myasthenia gravis, and Graves’ disease. By implanting m‘*)
_ an individual a device of the prese_nt invention containing the suspect antigen, ehtry of cells |
primed to recognize the antigén can be induced to undergo apoptosis, and be eliminated from the
immune system. Elimination of progeni"tbr antigen—spcch:iﬁc-cells- can permit the later _transpiant

25 of foreign antigens without rejection.

* Further utilities of the présent-invention include improvements in the generation of polyclonal
_antibodies (immune serum) and monoclbnal antibodies in laboratory animals and obtaining the
desired isotype of antibody so generated. In one emi)odiment, a procedure for preparing

- polyclonal (immune serum) and monoclonal antibodies against an antigen available only in

30 . minute quziriti_ties 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



provided with a snmall anpbunt of the rare antigen, in order to immunize the
animal, after which 14 Decenber 2006 13 spleen cells can be harvested.
This procedure offers an inprovenent over current tedious and
unpr edi ctabl e net hod of introducing the rare anti gen drrfﬁtl [k %&k}he
spleen. Furthernore, the need for a bo I muni zati on can vi ated by
use of the device of the. present |nvent|on and, in addition, an inmune
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human peripheral bl ood | ynphocytes are inject Biegent
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. the secrete human antibodies against the desired antigen.

20 A furthcr utility of the device of the present invention is. in collectron of immune cells’ from a |
' - mammal for later- reéintroduction into the mammal. Cells can be removed- from the device, for
._ example, by aspiration from the 1mplanted-dcv1ce or collection from the device after removal -
from the body by dissolving the polymer matrix, subsequent storage of the cells, for exainple by
cryopreservation, and reintroduction into the mammal at a later time. This can be particularly
25 ' useful for mammals undergoing whole- -body radiation therapy. A devrce of the present
| mventlon without containing antigen, can be 1mplanted and mamtamed for seven to ten days,
_zrn_d subsequently the device or its contents removed and the cells contained therein
cryopreserved. Following radiation therapy, the mammal can have the cells reintroduced into the
body, whereby the cells will reconstitute the immuné-sj;étem. In another emeodiment of this
30 utility, co-stimulatory factors such as cytokines which induce the proliferation of immune cells
_ can.be introduced into the device to increase the yield of cells within the device, before |

harvesting. In a further embodiment, immune cells collected from a device ;.).rovided with antrgen



cryopreserved. Follow ng radiation therapy, the mammal can have the cells
reintroduced into the body, whereby the cells will reconstitute the immune
system I n another enbodinent of this 30 utility, co-stinulatory factors
such as cytoki nes which induce the proliferation of mwl}ﬂg cehLSoogan be
introduced into the device to. increase lt4he yield of ce I'sSCW Chi Nt he

devi ce, before harvesting. In a further "enbodi rrent i mmune cells collected
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i mmune cells can then prime |mTune cells within device, and/or after
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secr et gehrRynd d8ine cells within the device, but pernmits the ingress and
egress of I'mmune cells into and out of the device. Thus, passive

di ffusion. of proteins and other small rolecules is 20 |imted, but immne

cells m’gﬁe& 0 2031=1ve nmovenent, i nto and out of the device. In . one
enbodi e VheRrepeift ipysmiian Fanbe magetaciuged byvmethadskredwn fortbe skilied antisirhe

skg n anﬂdlt,gég f ashi on fro a short
~segnent of holhl3 ow, b?%ﬁ%?gaﬁﬁeﬂ%& aﬁﬁ%@? g‘tlmf) aggéﬁfctﬂrgé‘?t’gf‘l“? thsne
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~into the
molecules, such as the antigen introduced into the device, and cytokines and other factors

secreted by immune cells within the device, but permits the ingress and egress of immune cells
into and out of the device. Thus, passive diffusion of proteins and other small molecules is

20 - limited, but immune cells undergo active movement into and out of the device. In one - ) '
embodlment a device for convenient insertion into a small incision in the skin and later removal,
if reqmred can be fashioned from a short segment of hollow, biologically-inert plastic tubing,
such as silicone tubing. The porous polymer matrix, i.e., a sponge-llke material, is fitted into the
‘bore of the tubing. The open ends may or may not be sealed. A small number of perforations are

25 made into the walls of the tubing. Variations in the number, shape and size of the perforations
are withir; the scope of the invention. The antigen can be introduced in the form of a solution or
suspension of antigen or a non-bioavailable form of antigen, by incofporation into the matrix

during manufacture, or mjectlon into the matrix, elther through one end of the tubing or through

the wall of the tubmg itself.



bore of the tubing. The open ends may or may not be sealed. A small nunber
of perforations are 25 nmade into the walls of the tubing. Variations in the
nunber, shape and size of the perforations are within the scope of the
i nvention. The antigen can be introduced in the form of14:i1) sol ti% or
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suspensi on of antigen or a non-bioavail able formof antigen, by __
i ncorporation into the matrix during neanufacture, or injection into the
matri x, either through one end of .the tubi.ng or thraugh he.wal | of the
t ubi ng Thesatigen gan eplerided imbomatx oirths d¥iET digsrtiyalf %’ged&f)f%\firea%as et he
matrix of t devi dire : fer L 8. Al 23S n HiGvalinaYahd 3lig or
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whi ch  SpbseauRNticsnie baRsidbioavsshahlisn of the anppmahicnfoafutation dnt pgendésnt o
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a device can be prepared froma pol. ric matrix material in the desired

10 shapwuitgblengleass formulpbigps.are kop “é‘xgﬁr?ﬁter vi ous coating applied to the
surface. Perforation can be mnade subsequently. Alternatively, a polyner
-matrix of a certain porosity and degree of crosslinking can be extruded in
{the desjusdttehapdodiménie dtwidecen baptepared itonhe pelyteric gratux owtestil wi thh desired

---a(jent to further cross-link the polynmer at the surface.of the device to
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subsequent| v ..c peyr | inl Joké QYRR GecdeBoF€ased
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ul travi glogdlinkirgadamEsd extfidahinithe desiied Iskdpelof (et device adridgherothg esterios treated withhe
exanpl es provided herein are not int nde& to be ‘%)ﬁlt mtl n?fe%aslt e skilled
arti sanampgent pefurther pess-lipk thepoliwasr g thsrsutfaceqfitheggvicefogrieatiygly fprman

af or eneqh ) Redy RIBRERL oot CThabsalhg isaudhlly lchf bdpuitaredandise: arigat ed

froma w range o uitable naturally-occurring 20 or synthetic _
conposi tritedaced. Ninoreasehipdyhenization pfitheoifgass thredavioe caanlspde £isrted byisuefpes,

S Dol yalGvirsigreamerahan o uap i ekvarappaving fepey T ahfumfB ke T
i ncl ude et Byl enel YiiByded36 6L Ahirh0 BOIERIled artisan will be facile in the design of a

suitable device with the aforementioned properties.

S '- Materials comprising the device caﬁ be selected from a wide range of suitable naturglly-occurring
e or synthetic composi.tions.. In orie cnibod_i’rrleﬁt, the polymer matrix can be a biologically
L oompatible material such as hydroxylated polyvinyl acetate. Another matrix is polyurethane,

* which is widely available. Other suitable materials include 'ethylene/vinyl'acctatc copolymer,

' polyiactic acid, polyglycolic acid, p’olYléthide-glycolide copolyrxier, collagen,icross-linked

collagen; and gelatin.

25 As described above, achieving a pcrfofétcd but otherwise impermeable barrier or coating around
the polymer matrix can be achieved by any number of means. In one embodiment, segments of
pblymér matrix are placed within the lumen of a short segment of biologically cpmpatible plastic
tubing, such as silicone tubing. In one cxamplé, a 2.5-cm segment of tubing with internal
diameter of 0.15 cm and an outer diameter of 0.2 cm was fitted with a corteépondiﬁg 2.5-cm

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



pol yl actic acid, polyglycolic acid, polylactide-glycolide copolyner,

col I agen, -cross-linked collagen, and gelatin. 25 As described above,
achieving a perforated but otherw se inperneable barrier or coating around
the polyner matri x can be achi eved. by any nunber of ne .

enbodi nent, segnments of polynmer matrix are placed_mﬁthfﬂﬁ?ﬁ%m¥ﬁg§¥ of a
short segnment of biologically conpatibl ééplastic tubing, such as silicone
tubing. In one exanple, a 2.5-cm segnent of tubing with jnternal dianeter
of 0. 15 comirencinadre mateanf aghdahde artuedilyeocpuainamsynpibetie matinah sichas 2 8SBRET ng
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and conbi nati ons of these paterials. e co rci.ally avail abl terial
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exanpl es_are sirmﬁag exenplary of the range of suitable conpositions useful
for the PEFREENE™ Mention. As a non-limiting exanple of the preparation of
a device of the present invention, and in keeping wth the aforenentioned -
desired characteristics of the device which restricts the diffusi

nof . -
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char act e pldgest Mleddh, IRNEsAn bR plidtidd il 20 aigelhypodenic aeafle
other- paraneters which wll achieve the sane objectives as set forth
above, t thadughsthe walipifdvi dbwicgnwhishpredusgs beles of anproxgiatedy UV1gmnddddeekanineh o

restrict, apd confine the diffusion of SF . I |
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wi thin the body. Such materials include gelatin, col I%gen, cr oscf- 'f ?ked
will achieve the same objectives as set forth above, that is, to provide unrestricted cellular ingress

"and egress but to restrict and confine the diffusion of small molecules, such as cytokines, within

the device.

A biodegradable device of the present invention can c_orhprise a matrix and container of material’_sﬁ:
20 . known to slowly deéade Within the body. Such materials include gelatin, collagen, cross—linkeé';"’
: "collageh, polylactic acid, polylaét_ide'—glycolide'-dopblYmcr, and other materials known to the
“skilled artisan. Thus, a preferred fully biodegradable device for stimulating the ir_nfnuhe response
" may comprise a biodegradable container, a biodegradable matrix, and a biodegradable, delayed
 release formulation of antigen contained within the matriﬁ. The latter formulation releases the "
25  antigen at about three days after implanfation; the matrix and the container begin to significantly

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

- The perforations m the container of the device may be introduced by any of a numiber of
- methods, including manual and automated procedures. A small number of perforations are
optimal, p.rcferably 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

Y



col l agen, polylactic acid, polylactide-glycolide copolyner, and ot her
materials known to the skilled artisan. Thus, a preferred fully

bi odegradabl e device for stinulating the i nmune response nay conprise a
bi odegr adabl e container, a biodegradable. matrix, and a44hQdggtadabl e,
del ayed release formulation of antigen gontained within the matrix.. The
latter formulation rel eases the 25 antigen at about three days after -
i pl ant afylhQ8;tht PSle TR per@RfiohH B t@sgﬁhﬁh Bfty Sa e ydlefNdds ¢ the/device

bi odegrade after the useful life of the device, about 10 days after
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co-stinulatory factors such as cytokines produced by the inmune system

cel I s wiragdie artheraneans for lnading patpgen. pitheparordndmplantation op aytfsequent tns wi | |
a(_:_.reli eve 1 hpggqe} {Seeds, as illustrated in the exanples below. In the instance
\(\//n‘,Pe t hi&® PR s prepared froma. segnent of tubing, the ends of the
tubing can be left open to act as perforations, as well as a receptacle for
the introduction of a needle or other nmeans for |oading antigen, either
prior toThedaes ean bminmlandedatacpuetabletsie on thebody nhiermease pHmsertipe adéigérte can

be i nmpl ant ed at suitable site on.the.body. where e of insertion, .
ant 1 gon g, pyf vy Penkret Eufared SRR ORGSO e R B swicae
to the patdigite meBR1 SHEdcabE e uppbarh® GBI oBMEARER delict ambPsyr arm
I n anot her enbodi nent, the device is nade of biodegradable. materials,

i nsof ar kigdegradalde materialy, insgfag pathe devicewill degradetfigr 11sjvseflublify angd moheeed to bepe
151renbv9d.vggr stimul ati ng an i mmune response, bioavail able antigen may be
pregent WARNH the device at the time of i npl antation or preferably
afterward; if afterward, the timng is preferably about three days after
i mpl antation, A non-bioavailable fornulation of antigen wth del ayed
r el ease For stimulating an immune response, bioavailable antigen may be present within the device at the
| - time of implantation or preferably afterward; if afterward, the timing is preferably about three -
days after implantation. A non-bioavailable formulation bf antigen with delayed release
chafacteristics-may- be present in the device at the time of implantation which rele_asés antigen
) 20 into the matrix of the device about three days after implantation. After about three days, a
~ sufficient number and types of cells able to respond to the presence of antigen are present within
the ng:_yiée, along with levels of dyto_kfmcs and other co-stimulatory molecules secreted from these
cells and maintained within the device as a result of the diffusion barrier afforded by the
~ perforated container, and the s_ubséquent introduction of antigen into the _device initiates the

25 " development of an optimal immune response.

The éev_ice, if not constmqted of biodegradable materials as described above, can be removed by
a simp_lé 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.



characteristics may be present in the device at the tinme of inplantation
whi ch rel eases antigen .1 20 into the matrix of the device about three days
after inplantation. After about three days, a sufficient nunber and types
of cells able to respond to the presence of antigen are, presen 1L-hi n.
the device, along with I evels. of cytoki pes and ot her 0161% Cl%nrﬁ?%%%nc())tr{sy

mol ecul es secreted fromthese cells and®nmaintained within the device as a
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rconditi gnssi %12 bg varied wi thout detracting fromthe utility of the )
i nventi 6fF %fg?’? ing on the characteristics of the particular antigen to be
used in the device. The skilled artisan will be able to assess the

i mmunogenicity of the particular antigen, by standard in 10 vitro or in

vi vo neflihedecthad of whetof thr dryicetnd thgppresspt inveetieibfe enhangtigoer ssimuyatingda to
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the 15dgeigece. It is another objective of the present invention to down
regul ate the i mune response against a -

It is another dbjective of the present invention to down regulate the immune response against a
specific antigen using the aforementioned method and device. By incorporating high doses of dn
antigen in the device, immune cells'en_tcring the device and encountering the antigen fnay be
induced to uildergo apoptosis. Conditions such as gr_aft and transplant rejection may be -
20 - prcvcntablé or treatable if the recipient, prior to of aftéf transpiant, is provided a device of the {-) B
‘present invention boﬁtaining donor antigen. General conditions that are amenable to a down-
regulatioﬁ of the immune response include: transplantation, in Whiéh it is desirable to tolerize the
recipient with donor blood cells to down regulate the"-in;mune reéponse of the recipient to the
~ donor’s graft; aqtoimrﬁune diseases, in which tolerization to autoantigens is desirable to down
25 - regulate pa_thdgénic T cells and ameliorate the.'forr.nati'on of immune complekes with endogenous
. antigéns, such as éollagen_in rheumatoid arthritis; diabetes, in which it is desirable to t_olcrize
diabetic patients to insulin or GAD; and myasthenia gravis, in which patients can be tolerized to
avoid an immune response against the acetylcholine réccptor. Fufthérfnore,' the immune response
* which characterizes allergies and allergic reactions can be treated by tolerizing or desensitizing
30 o the patient to uie allergen by inducihg' apoptosis in the immune cells résponéible for the immune

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



specific antigen using the aforenentioned nethod and device. By

i ncorporating high doses of an antigen in the device, immune cells
entering the device and encountering the antigen nay be induced to undergo
apoptosis. Conditions such as graft and transplant rejecfion 20 -
preventable or treatable if the recipieng, prior to of g%t)?mﬁgi%ggiant, i's
provided a device of the present invention containing donor antigen. _
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reci pi erity/sal dllefgiaosaubtdBCuragibls niodifikaMpeptiggg)| at e the i mmune response of
the recipient to the donor's graft; autoi mmune diseases, in which
tolerization to autoantigens is desirable to down 25 regul ate pathogenic T
cells a liorate the fornmation of Inmmune | exe i t h _endogenous
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r esponsdhapaemisn. t he acetyl choline receptor. Furthernore, the inmune
response which characterizes allergies and allergic reactions can be
treated by tolerizing or desensitizing 30 the patient to the allergen by

i nduci ng apoptosis in the i mune celdsgag@sgonsi ble for the i mune

response. Exanpl es of allergies and antigens that can be utilized in the
device of the present 14 Decenber 2006 19 invention to suppress the imune
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15 through the skin near the implanted device and then guiding by feel the needle into one end of the

device.

Using a hypdde_nnic needle, fluid was aspirated from the'implanted devices from e_ach.-of five
animals on days .2, 4,7, and 9 post-implantation, and then cells in the ﬂuids were combined,
20 . .washed, and counted. As shown in Figure 1, in animals implanted with devices not provided
with antigen, the cell population began to rise on day 4 and peaked on day 7. Byday9, the
: decreaéing 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 'dcvice 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 -
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experiment, no antigen was provided within the device. Celis aspirated from devices implanted i
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, Cass Il MAC, CD80) and B cells (Cass Il MAC, CD45B220,

EXAMPLE 3

The changes in the cell population within the device described in Example 1 over time was

.

)

evaluated by harvesting cells from ihe device at days 3, 7, and 10 after implantation. In the first '

in five mice at each time point were combined, and the density of cells bearing CD3, CDS,.

. CD80, CD44, CD11c¢, CD45R/B220, and CD14 marker_s were determined following the same

procedure described in Example 2, expressing the values as peréent increase over peripheral_

~ blood lymphocytes of naive mice.

25

Figure 3 shows ﬂie_density of the enumerated cell phenotypes at days 3, 7, and 10 post
implantation. For all markers, enrichment of the cell type in the device was apparent at days 3

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

EXAMPLE 4



Is CD1 ib) in high density were evident in the device. EXAMPLE 3 The
changes in the cell population within the device described in Exanple |
over time was evaluated by harvesting cells fromthe device at days 3, 7,

and 10 after inplantation. In the first experinent, ti
provided. within the device. Cells aspirated fron1deV|cé§E)ﬁ%ﬁ§ﬁ?@§i20 I n
five mce at each tinme p0| nt were conbi ndld, and the density of cells
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type in the device was apparent at days 3 and 7, and day 10,
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4, the density of T cells and antigen presenting cells (CD3, CD80 or CD
14) was further augnmented by the presence of antigen in the device, and
furthernore, resulted in persistence EXAMREFRSthree cell types at day 10.
The addition 5 of antigen may have retarded the departure of the immune
cells fromthe device. EXAMPLE 5 The distal effect of inplantation of the
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flow cytrougt sidest ARIGIHEEITRDQYIS wefS vhshQINEAR!PB PartQLY 613bk QR WCr%td%;r}lg.?
by 5 minutes incubation in Red Cell Lysis Buffer (Sigma). CD4 and CD8 fluorescence was
15 determined by flow cytometry as described above. As a control, a conventional, standard
immunization protocol was followed in which mice were injected with the same amount of
influenza antigen in the footpad, together with Ribi adjuvant R-700, an emulsion contammg
monophosphoryl lipid A and synthctlc trehalose dxcrynomycolate (MPLA + TDM),"

. manufactured by Ribi- ImmunoChem Research, Inc. Control mice were also bled 10 days after .

s 9 unmumzatlon

As shoer in Figure 5, T cells derived from spleen cells of mice implanted with the device
~ exhibited increased density of CD4 and CDS8 molecules followihg loading of the device with
_' influenza antigen. The levels of cytotoxnc T cells (CD8) in the spleens from animals immunized
by conventional methods with 50 pg antlgen plus ad)uvant was equivalent to that induced by 10
25 ~ ugof antigen in the device of the present invention. F urthermore, the device without antigen also
| showed an expansion of CD8 cells in the spleen, as a result of the sterile inflammation induced
by the device. It is noteworthy that in animals implarlféd with devices of the present invention
provided with 50 pg of antigen (thé same amount as that inoculated via footpad with adjuvant in
. the control animals) showed a loss of CD8 cells expression in the spleen. Olle explanation is

30 that administration of a high dose of antigen into the device tesulted in apoptosis of antigen-
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cell response, known to be the protective amm against intracellular pathogens and cancer. Mice

. were implanted with devices described above and 5 pg inﬂuenza vaccine was provided at 3 days

20

pbst-implantatiori. The control groﬁp was immunized in the footpad with 50 ug_'antigén' plus Ribi

adjuvant. Ten days post-immunization, spleen cells were isolated as in the previous example, |
plated, and gamma—iﬁterferon production measured using an ELISA kit (Endogen) after ‘) '

stiniulation with a range of antigen levels (1.4 to 180 pg/ml).

Figure 6 shows that immunization of the animals with 5 pg antigen in a device of the present

~ invention produced the same level of T-cell activation produced by a 50 pg immunization, with

“adjuvant, in the footpad. Thus, a strong immune response can be achieved without the use of

- adjuvant using the device of the present invention, and with a significantly smaller amount of

25

antigen.

" The gamma-interferon secretion ffom 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-interferoii secretion by T cells from animals



Gamma-interferon secretion is one of the principal attributes of Thl-type
and CD8 cytotoxic T 15 cell response, known to be the protective arm
agai nst intracellular pathogens and cancer. Mce were inpl ant ed with
devi ces descri bed above and 5 g influenza vacci ne was pigbl led 20% days
post-inplantation. The control group was,jmunized in the footpa th 50
gg antigen plus R bi adjuvant. Ten days post-inmuni zati on, spI een ceI I s
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been provi)e’(rjed wi th antigen at day. 3) 10 days after |an antation was_
assessedCfrwith theeb and @W%PBWOG@@JF%? Aetcs by desPand d0.contspive thepessivility of

antigen. t xery low l'evel of gammm- interferon is
secreted @%égssg%gg%pfé%% an\aﬂ tro challenge with influenza antigen in
conparison to to the | evel of response recorded with spleen cells. This
result inplies that the effector cell ri g%olz by intra-device i munization
igrated out of the site and at day M he aspirate was taken from
the device) nost of the effector popul ation was depleted. Figures 1 and 3
depict loss of cells with the B and T cell phenotype from device by day 9
and 10, ' boafurther egperivaen emsadbit kkanyingfg specifically the strength of the immune response to

‘the antigen induced by the device of the present invention, following implantation and loading -
the device with antigen, a spleen cell proliferation assay was performed. The same pfotoco_l as
ro | described in the;prev'ious examples was followed. The antigen in this experiment was .
ol 20 ovalbumin; devices were provided with various amounts of ovalbumin ranging from 10 pg to 50
pg; control animals were immunized by footpad injection with the same amount of antigen, plus

Ribi adjuvant.

Ten days post-imi)lantation, the mice were euthanized and the spleens were removed; A
) proliferati'(_)n assay was set up in 96-well plates. Two hundred thousand spleen cells per well
25 . were exposed to 180 pg/ml antigen for 72 hours at 37 C; as controls, the same dose of Epstein-
Barr Qirus antigen was used. After exposure to antigen or control, the cells were pulsed for 6

hours with *H-thymidine, and incorporation of label was measured and expressed as a stimulation

~index,



their egress to the peripheral organs. 15 EXAMPLE 7 In a further experinment
aimed at exam ning specifically the strength of the i mune response to the
antigen induced by the device of the present invention, follow ng
i npl antation and | oading the device with antigen, a splsas&ea®kd 2006
proliferation assay was perforned. The sane protocol as described in the
previ ous exanpl es was fol lowed. The anti¥fen in this experiment was 20 _
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of mce using t evice provided with ovalbumn resulted in a robust
“antigen-specific spleen cell proliferative response. A response was
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consent rnadreputsed fviditH-thgmidibe fortcohalBs) anddherinporppration pfilabel 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

PRl
£
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20 response was specific to the irhrriunbgcn.’
EXAMPLE 8

The antigen-specific antibody response against HIV gp120 peptide (residues 315-322,

RIQRGPGRAFVTIGK) antigen' was ass.esse'd 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 peptidé Was determined. Four days later, the

animals were boosted with 10% of the amount of the initial immunogen, and a second bleéd was

performed 10 days later for determination of antibody titer.



sanme range of a control antigen, Epstein-Barr virus, in vitro. After a
72-hour incubation, the cells 15 were pulsed with 3Hthym dine for 6 hours,
and the incorporation of |abel expressed as a Stinmulation |Index and used
as a neasure of T cell stimulation and proliferation. Ri,gy£.,40 Kagws that
a robust antigen-specific T-cell response from|ow doses of antigen can be
achi eved using the device of the presedf invention. Negligible |evels of

stinmulation were detected after spleen cells re exposed to the control
ant i gerfin Ehlfi4 atap pgpdfte mepae eRBEE ECIHS SP‘é@bﬁﬁr’r\é\gzﬁﬁ%‘ﬁéﬂﬁé{c ARG wag ePndpet

i nmunogen. .EXAMPLE 8. Th ti peci.fi i J
|20 pogtrdngRarayie PiteaR) SITE EGH LR R XS RARSE. 3BRT P 3P
| oadi Ng, BREP 1R ERAAS I, Foit TEhdayAYRsTIof plhtee weps @sdiet! (FOwaVtTinanr: 0. BALB/ c

m ce were inmunized either with the device. or bé fq)ot ad, with Ribi 25
adj uvaritween 2hinPRS, otis7-d43 erd blockgd e plockmg teifise 6P A 6vlnten £@- 116 Tavegs-

ad] uvantyea o - . . .
det er mAaa PE By @D el e aRR b 8 a2 ad LR GRS S Bpopsrare
amount ofi.4 Remi Mells Shrtin¥ RSO diffidnans Ga e diLRedines folather TResakihlaays

| ater for determ nation of antibody titer. 14 Decenber 2006 25 An ELISA
was usede teatedda dupleaen tfoflewimp b br 6f ipcehation as wonyEmperatviehthgyplategate washed

duct ed di t ti . . Briefl ' i I
tere comebavernbiowy Pk BHAmTpRE ittty el d G RuRhES, 16
hrs at fb@tgvﬁﬁ% 1%3} %ﬁg{l%ﬁ%ﬁ NASRRHsi{OWati¥s bt hbove, Qre%%vi&%ﬂ%l?g%teh MofBradidhH

7-7.5) an cke ocki ng buffer (5% BSA solution + % Tween 5 20
A'no PBS, papdkidas?; dilvdd @t1:4000f iablddkiny tauffefiie agdeat teshawellnwaEdlbuviap 30 pGOutes of
*serum sanples are added to the wells starting from1:50 diJution a

fur t heringybagivaat womesmfﬂmta%?'gﬁé%te *Pﬁéag‘ih&oegwc%g}eﬁfé&%‘w‘#ﬂm&ﬁ%ﬂ)i élg? e.
Fol | owi fig 4 r; 1 Qfal @ AARIR TRMPRERLYD N HISS, Rb5¢ &8 r@lhoyaphed as
-above aﬂgté%?%tlpﬁ%agepg an |-r%§sf)sAe | g&2a anti body sdl ut | o%t(lrg/cn?) I's added
to the pielek sre redldigEDNLS AL PhimeiReadec aibasviebmgtinef 450trensi ve washes as above,
streptavi di n-conj ugat ed horseradi sh -t0 peroxi dase, diluted to 1:4000 in

bl ocki ng buffer, is added to the wells. Follow ng 30 m nutes incubation at
rqomte Sfos B Sspesi fRAGEHIVIAN 20/psBlitle RIGlaGHaREEYY hen@iIgig) -
™ plgggg@yéﬁ?%%ﬂgge{vgd Fpessa ! Ac?g?ng e | of 2 N H2S

st ops t Asingkdainonizatidh esing it devicerof theprdsans irvgn e, 3AtPRg Rt Tratherifiat

wavel en%tﬂ)og; égGOZJ)Iisnglicited, whereas no response was elicited by a single footpad immuqization

'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 px':esent invention and then boosted (with 10% of tﬁe original

dose adminiéteréd within the device) showed increased IgG2a levels and still a signiﬁcantly more

robust response at the lowér_ antigén levels (Figure 12).
. EXAMPLE 9

* The effect of different adjuvants was evaluated on the resulting immune responses generated
25 from immunization with the déviée 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 prow}idéd with immunogen three days after
implantation, and anﬁbody titers were detgnnined 10 days post-imrﬁunizatio_n. An ELISA to
30 - IgQa anﬁbo_dy Spcciﬁ_c for the gp120 peptide antigen was performed as described in the prior -

example.



15 Figure 11 shows the level of specific anti-HV gpl20 peptide |Ig&a and
indicates that followng a single imunization using the device of the
present invention, a strong antigen-specific antibody (Ig&a) is elicited,
whereas no response was elicited by a single footpad i MfUpLZAtHLP006
following a conventional protocol. Follow ng a second i nmuni zation (boost)
in the footpad, an antibody response was generated in.animals inmunized
conventionally, but the animals initially 20 i mmuni zed using the device of

t he presshberdtoyainfihizdtidntwienR ibd o8 BEG adjutdntsd pladaded v wolevel oTakptidtogrcific
adm nistered within the device) showed increased |1g&a |levels and still a

si gni fi &gGid @«‘xgmmé 3).r dbagﬂtrerésmangvézaéuontUH@g|tb%¢\ﬂ%m@ﬁ tbé ﬁrqsemen\sen(lm g\utrheut
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BALB/c m ce were inmmuni zed with either the device or via footpad, with the
H s gp1Rfplydapitiadditioefofmhadpiventitoas aéﬁ@dvpﬁt@)lgamtlgam smsuur@seemlteirt depresaioo rmd
or mnth Ri bi or BCG agbuvantgenﬁs desgrlb abov

d vi ded
S th | nihmioymeRReas o Brvile R BCHituP SEmoRgie th 6@%'6?@?%%%5 °
determ g?g O,JIQa AT alt g% UL £ SHBtocOt sEbhidAbeltBstaPat 186G ArARL ( |

speci fi e gp pepti de antigen was performnmed as descrl ed |n the
prior famgken ddsés)efcatiipen a2Q6b as REvdTennentratord ofiadjnvantsat i on with Ri bi or
BCG adj uvants produced a | ow | evel of peptide-specific IgQ&a (Figure 13).
In contrast, immunization using the device of the present invention w thout

Adj Uva“$h&59rﬂag11§%~9érageéal d%ﬁ%dlsanizﬁhéﬁﬁicmm ﬁedpgysl Vatﬁ%( regr%t %l?@oﬁ&%%

\IgGQa I'n compination wt elt adj uva

pr ﬂﬁuce@realdhesmgneﬂpanSSIEﬂ'hﬁdea&aatéswdrpl y that add| tion of an adjuvant t
an already strong antigenic stinulus results in depression of the immune
response. It is possible that in order to denonstrate the additive effect:

or synergi sm of adjuvant and antigq?c%§ﬁﬁﬂpigation protocol s shoul d be
tested at | ower ranges (lower than entogram doses) of antigen as well as
| ower concentrations of adjuvants. Simlar results were obtai ned when a

15- mer %?ptlde of the Herpes Si rrpl ex virus gl ycoprotd dB to (residues .,
497-507: ;@gt@rmggﬁshe\ﬁggngtggf the huymyorglbinpmygy response mduce byanantlgen 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 ]
implantétion or ten days post footpad inoculation, the animals were bled and an ELISA
performed on serum for IgG2a that spec1ﬁca11y recognizes the antigen. Procedures were similar
to that followed in the previous cxamplc except that the ELISA was performed on serial f\

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

20 Figufe 14 shows that a vefy strong specific humoral immune response to the antigen was
| achie{/ed with very low doses of antigen used in the device of the present invéntion. As low as
50 femtograms of antlgen in the device yielded an antlbody 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 a3 humoral response was further evaluated using as antigen the hemagglutinin

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




In a further test of the strength of the hunoral inmune response induced by
an antigen present in the device of the present invention, BALB/c mce
were inplanted with devices which were provided three days later with

vari ous doses of cytochrome C. As controls, various dongﬁgéwg g same
antigen were, admnistered via footpad in conbination wt b adj uvant.
Ten days post inplantation or ten days pgést footpad inocul ation, the
animals were bled and an ELISA perforned on serumfor |gQ&a that

speci fi cBALP/¢ sdegwErdmmunezesiisingathc dptiereldhe sespptriaveition iwith 0.1 pigtandtl 0 ug

foll owed,in the .previ ous exagpl e, except. at the ELISA was .perfarngd. on
ceri al - dbgeimaeYBRER FRGed TRat p GRPLmahBt o CouFToel e unutizat with e
that a velye shoHIDf IRGS LRI S at HEHAS: 6LHRAUE QvitlOR bl 5dj A I§He WAS
achieved with very | ow doses of anfigen used in the device of the present

i nvent i owereAded onvdas 7, 13021 ent 8§ mastsirohurartiogemdian BRIH8 Adevioosed /o Heesdram for
anti body response_siml/lar to. tHat achi eved by conventional footpad plus
adj uvant a‘?‘fﬁ?ﬁﬁ?i‘éf‘F%aldg‘[}rf’d‘t@o Y antigen, an increase of 4 orders of

magni tude. 25 EXAMPLE 11 The devel opnent of _a hunoral respanse was further
eval uated using as antigen the hemagglutinin protein, cleaved .and purified
from | nf lAsehawen i Figuue 1§, br sskoay, gl gbsponsd wasiobthiped withrth&bipg didigbecenber
2006 .27 BALB/ ¢ mice were i ni zed_usi ng the device of the present

i nvent i offaghing highcogeeniation of HArsrectic aptiodige as sepniase Weslks pestgmamynization.

post-inp i _ l. m ¢ i [P A . nt of
Bt gen Mp b Ezedihe e A b b UM ARkl e BT PO apflgen-
vi-ce  weggechficinstabi@yponse adithe 2dcond dve2B, inoshsihgits ivab hmiy daeksagosEL] SA
performed on the serumfor 5 antigen-specific .total 19gG antibody. As

sholth i nimmnypizatias | The lavebpfgBHdnenesificapbipedisis sgaun ebmisaisununized witkethe devige
Ciagen T ) . k s S e hod
S weoke. 3a8 730N DL AR ARG aBlLAR Bkl BR6Lc R A BRGH 11 E0E . o7

wi th adj dvsrdf aaxbédaddas tiee prevedcevEhdjaiar@nln Gdexpefifeh, kit IBWHREAIMMAAHNASE
at the second week, increasing its |level 3 and 4 weeks post 10 a
i muni zafheslevicepeodusedn swew&uw&! respensgribamhwas aghieved With oftighirdese-misn¢ered
with the;

: Y anos i e . A ol Lo
convent i (l)n |bﬁ?’§%ﬁﬂfe§‘é’gﬁﬁgﬁg°ﬁ$ﬁg%§ﬁ§w%§§“ %)‘%Mglhrt‘ ?g%h&glﬁ of'ﬁletlﬁ’\gﬁlggesence

of &dj uvagsponserpokdibly dex pepravenitjon dfapbprasidas & réatTiom ageverstifulation.
EXAMPLE 12

The importancé.of the perforated But otherwise impermeable and biologically inert co.ating or
| Container_prOVide_d around the sponge matrix of the device of the présent invention was evaluated

by inimunizing mice witﬁ influenza antigen either within the infact 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 ug, and 50 png) and were provided into the
devices, or intd the sponges alohe, 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 fo'r'speciﬁcity, Epstein-Barr virus was used in vitro. 3H-thymidine
incorporation was expressed as a Stimulation Index, to represent T-cell stimulation and

proliferation.



t he devi ce produced a superior hunoral response than was achieved with a

hi gher dose. As seen in previous experinents, doses greater than 5 g can
result in suppression of the imune 15 response possibly due to provocation
of apoptosis as a reaction to overstinulation. EXAVPLE J3..Eh&el 098"t ance

of the perforated but otherw se inperneable and biologically. inert coating
or container provided around the sponge8matri x of the device of the

present Aé‘%ﬁ‘d&ﬂ BIFighpS 16 VIR LA atibY eXHIBWA ) 1 alinfs WhinlinizBd WH@NRE AR gen
eithér wthin the irntact device as described above, or 20 within the sponge
mat ri x adevixe, showmgt arsi gdfhibediyderongs ecapente tbin pbet theangdert wb prgsem in spayezesfnot |
anti gen doses were eval yate 0,, 50.pg, 500.pg, 5.9, a 50 and were

P v dodPHeTnG WA g ST Res Byt ATy ST BB i 1A OBOIES (b plated
i mpl ant af | , e sane ranges of antigen were immnized in-

t he foot%gggnbf%ﬁ?%ggq%%ﬁé#ﬁggﬁmﬁth Ri-bi adj uvant. Ten days after

i npl antation or footpad i nmuni zati on, spleens were harvested fromthe
animals and a T-cell 25 proIiferatioE ssgﬁﬁmas performed as descri bed
above, using a range of antigen |eve §§ﬂ4 d31 to 180 g/m. As a control
for specificity, Epstein-Barr virus was used in vitro. 3Hthymdine

i ncorporation was expressed as a Stinulation Index, to represent T-cell :
sti mul at TRA irApstanee oF iHegicaforaad bitbtewisiimpeidble 28 bislogieaiyirert doagiig er 16,
T-cell activation exhibited by the aninmals imuni zed with the jntact

devi ce speeiacnprovifei rrewndtthy srange mpdx oldbp dayiee phikg Ptsent inKentioR ey 2ltated
present |n _sponges . n -Rr Rt i Ny ; . 1 .

Prper meaby eaRREE Ad Bl FBEChukiliRa B BRP AR iR o coog
“was m ni @b theddmidMeliftol3spbige.i TiOddvideend dlie ifvagp erfoplateidntakubes doarathiig ™
i nper neabl e and biologically inert coating or container provided around *.=
t heos pongd of RBS. xSaptplehwersdok et FrIQUsImG Baiakand heRS Ao nerisraion Mg RS umd. -
performng a diffusion test. Two hundred g of bovine serum al bum n ( BSA)

was injected into the device or into a sponge. The device and the sponge

vere pl apadhbwhn RS 189 McipbhgiareleaselQtsrentied cdiBéat wHMipS esinues of inelibaticat.
various tine points and the BSA concentration was neasured. As shown in
Fi gur e 18&hedgeics géthyerresans Hyeption @ngntied e selstwnf the Iissn sndPreiGse of the
| ncubat | ghie INEHRKiE A ol BN ERCNiah UG SAREPbASH: [\ shaf] FRATRls
t he anti gen®and over o of the .

of antigen, cytokines, chemokines, and other co-stimulatory molecules within the device in

15 - contact with immune célls is postulated to be one of the important mechanisms providing the
significant improvement of the device over conventional immunization procedures in provoking

a robust immune response.

Thu_é, the examples presented above demonstrate the ability of the device of the present inventi'?{‘._\li) _
to stimulate a superior T cell and humoral response to a variety of antigens, in comparison to
20 conventional footpad immunization and in bomparison to simply loading antigen into an

implanted sp_ongé matrix.

 EXAMPLE 14
The phenotypes of cells present in the device of the present invention without added antigen were
determined after implantation. Cells extfacted .from. fhe device of the present_'mvenﬁ_on at 4 days
25 post impl'ahtation were coilected,_@réshed; and staihéd with fluorescein isothiocyanate- or
. phyco'eryth'rih-labeled monéclon'al antibodiés éi)éciﬁé td the folloWiﬁg markers: CD 1_4,
CD45/B220, CDl11b, CD4qQ, CD_i'lc, CD80, CD86, CD3, and I-Ad (PharMingen, CA). ‘

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




antigen was retained for over 960 mi n. Mii ntenance of a diffusion barrier
to sustain high levels of antigen, cytokines, chenokines, and ot her
co-stimulatory nolecules within the device in 15 contact with i mmune cells
is postulated to be one of the inportant nechanisns pr?Xk%LQQU%@EOé
significant inprovenent of the device over conventional inmmunization
procedures in provoking a robust inmun® response. Thus, the exanples
presented above denonstrate the ability of the device of the present

i nvent i fluprgsesnierof parwhgrad blsed hanplpcyies {P%Iﬁcfr%ﬁﬁw&,l SYREY|Sisicetusing thaspmey

of antigens,.in co ison to,20 conventional feotpad immunization and in
compari S5 ¢ REFRIROP e e dererRR R 48 RGu s RR AN e PED R osRe of ean
EXANPLEﬂ%&J&%cPh@é]QWE@ﬁ?IPf cells present in the device of the present
invention wthout added antigen were determ ned after inplantati.on. Cells

extracted fromthe device of the present invention at 4 days 25 post

i npl antagion were col] ected, washed, and ai ned wi.th fl uorescein

bt hi o ByHITALE PreeRGYE Bk bRE PRoT Bisal Bae A BABATofa o fPB R BESEPaRI 1 ¢ to
the fol ' : , ; 1 €086,
ond, - and P R L e D R D o G R e vor o

det er mi MECHEDIBDY Wenditinedls YCDFYICR biepGidss HMHHED30), BetBrebs (C8GI MHC, -

fl uorescence of peri %h,era_l bl ood | ynphgcyt es (PBL) from naive, syrllg,enei c
mi ce usiGRASIRE2G S 1oy i high gensity sere pidetiin g dewse \iRus Breups fals criiia! fa5e

results 1@&&%@%@9@]&8%ﬁm%ﬁp;egg&gg aft Rl thd 4GS m%ﬁ{){]egéigmt y (MFI).

Figure pres e phenotyp S extracted from evice 4 days
APOst i ngesstiimamtory (WDB0aL ICDE6aa altesion (@Did molecdlecwhd sighifibtly@Meited on

~macrophages (CD 14, CD 1 Ib, class |l MHC, CD80), dendritic cells (CD40,
CDic, @ngwwe cellatraceddiom thederce ef ths prespaidgventionremparaiiviesiod’Blg (datippot )

in high densjty, wer.e evident | Ge. S, . itical for
the dovar et SRR HERD a6 of FitEn, I IRIEEL] Merideh

expr essiigfentlbn edveslel MH Frenye (GCRBRoPhagEBGIth 2irge mdhigss ofNlytdsodk, implgingltear
was significantly elevated on 10 imune cells extracted fromthe device of
t he pr edeightanad state oficel @abheatiali ve to PBL (data not shown). Interestingly,
el ectron mcroscopy analysis of sections of the device of the present
invention reveal ed the presence of macrophages with |arge nunbers of

| ysosones, inplying their ' 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 stimﬁlatory
cytokines IL-2, IL-4, and TNF-« and approximately one-seventh the concentration of the
inhibitory cytokine TGF—B (data not shown). Thus, the device of the present invention is a

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

antigen.
_ 'EXA_MPLE 16

Cytotoxic T lymphocyte (CTL) responses are believed to be critical for the development of
immunity to influenza virus. To evaluate the ab'ility o__f the device of the present invention to

25 elicit antigen-specific CTLs, mice were .immunize_d 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. LympHQc'ytes were obtained from the immunized animals and their

specificity for influenza virus was determined by lysis of influenza virus-infected target cells.



hei ghtened state of cell activation. EXAVMPLE 15 15 After inplantation, the
concentration of cytokines contained within the device of the present

i nvention in the absence of antigen was conpared with the concentration of
cytokines in native nurine serum As shown in Figure 2? Dthe bcgrezé(%e
contained greater |evels of the stimul atory cyt oki nes 1 pattll

TNF-a and approxi mately one-seventh the3foncentration of the I nhi bitory
cytoki ne TGF-P (data not shown Thus, the, device, of the resent |n\5/s§nt|on

is a 20(}TLghW§/re®htamg@olaSe‘ﬁU¢W%n ier WG evthpnized and he selsense Usth PR FosHiBElE o

once "i ted" th an _anti T L
respons gg %HSBCIH\&WS(%%% PE8 at?% %(r:l ? ¥ tt‘%lyp‘#& @%&@?ﬁo%sm%%yg?m?ﬂm@még % 0

i nf | uenza, ek Ysing R4V LpieBhiier @hirha, tmoof Spheendeds ¢ex 60°)twree po-eslentd in
invention to 25 % l'tcit antigen-specific CTLs ce were inmmunized with 500

pg of i nfttueina xvioﬁwyuvatfmtcre(h(}@ HABY/ 107&@%’5& fobﬁot"HBu‘ST' alstin®) liERdid  As
a control, mce were | zed s bcu S Ozo vacci ne pl us
R bf adj(309Rad) ‘W‘&ﬁ%‘c 8?‘ %@F@"gﬂtcg g??r%%ina%&mﬁmer’usn'p;tgf ani mal s and
their specificity for influenza virus was determ ned by lysis of influenza

virus-infected target cells. 14 Decenber 2006 30 CTLs were prepared as
- foll ows.pRY ﬁﬁ:cmr(SO@mAWmO‘Zcmﬂs)aRuH'HieCdbl aadmonviafecteRbHdR cotfis vire usedets|

suspen5| ons were prepared and the ed. b Qqd
cells memetsd@rmmteucusuﬂtjqe & gt Aped el ipd B 1(%%‘ E'@oﬁ“ oS804, ¢
(5 x 10 e I ¥R VI U840 M@s%ed:s( A{diu
HAU/ 10' o Frsheff Brgd it t@te(:sc‘ﬂas‘t([@/ﬁﬁ();lﬁéﬁg rradiated 5 (3000Rad)

,syngenei ers Ri@ANo effebidr el i varibat mﬂlcétmatiﬁnd agastuag aGy1Q9;1 BiocER T) PRbtitrating

iy nfected (500 HAU 106 [ 1 P 1. HIR Ils -i-nf ||
.'mgngcuiew(oafgm magec rqupd b&pmrasaretateyﬁl%teﬁ@@sw Wt eBReh, SR SRS )

of Na, SIC M4 f 0 m nut rs gotﬁ§|f6r§1ula
(104/ i) A A Ao G Lﬁed‘fﬁ[‘}me@rmﬁdeﬁezﬁcgggﬁl% ef f ect or
cel I's i neasdiRtimtd 9al6AR) F Spoanaeaisatlcany] al 0&/[@deximumRielragdi - (Fpontarpous

titrating 10 two-fold in 96-well round bottommcrotiter plates. After a -
5- hour -iReledsalli on, supernatant was harvested. Results are expressed as a

percentage of specific "Cr release according to the fornula:

[ (Experinental release) - (Spontaneous release)] x 100/[(Maximm Rel ease) -
( Spont ang@wgown 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
subcuténeous_immunizetion with Ribi adjuvant. The generated CTL did not kill non-infected -
target cells in vitto, indicating the spe_ciﬁcity of thc'provoked response. With higher doses of the
antigen in the device of the present invention, no stimulation was seen. PR
| §*"::_':/"
20 | . EXAMPLE17
* 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. Htgh Jevels of influenza-specific IgM, IgG1, and IgG2a antibodies were
25 . demonstrated in sera of mice following 1mmumzatton 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 1gG1 antibodies revealed htghe_r '
- binding as measured by the absorbance recorded at escalating serum dilutions (Figure 22).

Similar results were observed for IgG2zi antibodies.



Rel ease)]. As shown in Figure 21, inmunization using the device of the
present invention with 500 pg of is influenza virus vaccine triggered
power ful influenza-specific CTLs that were significantly better at lysing

i nfluenza-infected target cells, conpared to CTLs prodqg%ﬂmEQ L e3pense to
conventional subcutaneous immunization with Ri bi adjuvant Re gener at ed
CTL did not kill non-infected target ceFﬂs invitro, indicating the _
specificity of the provoked response,_ Wth hl%her doses of the antigen
in-the device of the present inventlg il ation was seen. 20 EXAMPLE
17 To determ ne that inmunization mnth t he deV|ce of the present invention
could al so nodul ate the hunoral imune response, mce were i muni zed with

several BSemihi aaibodies genahted bflimennizavibn usingReddvite dithdigresad %\thﬁér?fe?ﬂw'e ’Eo
t he devi ce of the present invention or injected subcutaneously wth

adj uvant th erfﬁoghcnt@m Ryotorol with adinyant syrase srbjectedyiv a rgdient @frﬂﬂicalgﬁ@malam)bmfdl es
were 25 ﬁ%@?@ fohALiaa ih %.J;aq%)f{l‘stemocauf anu%‘é% nge\?é&cz}rwgogigs gr” wa(;rg@ggﬁg gﬁ,‘,’ | ce

of- the presen I nven ower Ldoses

subGut aneodifi geATBtEd artld:r@fitdr PLEATR oA it® Betdirhite (11 Riatib e atfhiR0dr (f
Exam nation of the virus-specific Ig@ antibodies relvea e&f}ﬁc? gﬁ £HIt\{(i%fhrffséllto

as neasuthednfiyenzh entigeno o sinndard adenotitad phate-bssed| LIS Adfospatumsdiseditas dastribed

Fi gure | a .U re.obser GZa antj bodies. 14 -
beconber S5 PP o S B0k 1A i e e L plairicie v ashed e variven
usi ng t heorideMirfnebof KRENGWRESHdcd RYRRIAR. PRlal ¥e 15&Pa{ea%t fé)cﬂw %pr}pep gL f?ry

protocol w th adjuvant were subjected to a gradient of escalating ol a
of - KSCI\BQ ponssi Aftet Wa&hu;gabaﬁmylaw@dltﬁ-moetmﬁlamhbwm {0 Tu@n) \b&dl es

fro s bou en- coat ed titer plates in order to
det'€r mi Edcfeﬁg ‘?l?ﬁ/ ehﬁfefaF %‘C‘Eﬂ“‘"‘t"ﬁBs QH{R% ,agc'ancgsgaqyﬁg brepk| qeamplexes created
anti gen. I nE

descgrgl beb thj:tb'(:)}{?/deiﬂg I%rflmog?l a’?%ﬁlgyefjl}t%a%?g)%ﬁ% at gg %R{C?Jd%tl}?slé@seg%,s ﬁ}%hdgv%f’%?des

wer e washdtbodied Wene shoayn wumssese highat affinity s thafvitdSatipons. g dederly emb@ose of -
wel I's. Plates .wer lncubate at roo éﬁg{‘% ture for 30 mnutes. After
washi ng, VAEI5eF RYigteatioshmy ‘HBE}?@WFE‘] 1ah Brgponss whep ysingohs deyiganftheas 10
added t oprebentW@lehfion. NCreased concentrations of KSCN are necessary to break -
conpl exes created by the binding of high affini ty ant i bod| es to anti gen.
As depicted in Figure 23, the devel oped

15 : EXAMPLE 19

The capacity of immunization using a device of the present invention to protect mamumals agaihst-’
infectious diseases was tested in a muﬁne influenza model. Two doses of influenza virus vaccine
influenza vaccme (5 pg and 500 pg) were used to immunize mice with either the device of the
present invention or by subcutaneous adm1mstrat10n in combination with Ribi adjuvant.

20 Approx1mately 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 iﬁ a complete protection, whereas

“only 60% of the mice immunized subcutanequsly with 500 pg of influenza vaccine plus Ribi
adjuvant survived. All of the animals immunized with the 5 pg'dose plus adjuvant succumbed to
2§ . the disease by day. 14. Remarl_cably, not.ohly 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 followmg the viral challenge, indicating development of a milder disease

correlated with their relative resxstance to acute mfectlon



anti bodi es were shown to possess higher affinity to the viral antigens.
Thus, a very snall dose of vaccine is sufficient to stinulate a powerful
hunoral response when using the device of the present invention. 15
EXAMPLE 19 The capacity of immunization using a device @§ DeB&nththr 56t
invention to protect manmal s against infectious diseases was tested in a
murine influenza nodel. Two doses of infldenza virus vaccine influenza
vaccine (5 pg and 500 pg) were used to imunize mce with either the device
of the present invention or by subcB&&MMBLE 28dni ni stration in conbination
Wi th R bi adjuvant. 20 Approximately 12 weeks after vaccination, animls
were challenged with a | ethal dose of influenza virus. As shown in Figure

24, vaccTinadtiiag of sha@eviced\hEpresdnt il@n6 R R MendrMV SN Peliti Mulnfhn I?gtin s%\bee 5 pg
and 500 pg doses of influenza vaccine resulted in a conplete protec 'O,

wher eas caspitipedsunmpnodaicionty SGlibunice edpelated wiitiriemusi iynmrdteiO&apgvaliiated by
i nfl uenz%l \{ggcni ne eol.us Rhabi' adhuvant .Survi Vedﬁﬁ{ﬁe‘é .of the animals

i muni z e RATTITE hevacpnipiune Jpiluenzg;virys Xeccuise eige CH /(A wicksadd by
days. léfenReyehik@kleYe infiRkd (i bk ' i ' vice . .of th

pr esent cinvenﬁioneﬁ?g@%deO?g%%?gggﬁpgggﬁgg?EbgfP??hggggg 28”3§$3HEPF§W88
usi ng onbhrkedalrsddteh therreicamrEunimmonized titlge inteanchsoolagig ot itaplante MG 4 daTIN g€ d

with the device .of the present ipvention also.  exhibited steady weight
fol | owi ng¢PFEeR) 'P&?““(?H;IW'BH‘@%‘? Wftﬁcﬁ%dgt‘f‘ﬂﬁe‘ﬁé\)’w&ﬁ#‘@ﬁ& dfhree wedkdgostdi sease

corr el at; B TR - Y ¢ ty i infectign. 14 cenber
2006 32'%&%{{'@"2%8 ‘%éﬁ%?lqk%/d;ar{)dﬁﬁ% RS ot e S Rect ol o for

,gener at i mgpospeaisirigoconueronh L ISA. &Y eli@vn FOFRIRELS, i MAHALAELh WidNEY vASH D)
{myce popul ated with human i mune _cells was evaluated. by inplanting a )
.

deVf ce cHRERIH iRGuetrrResifia hbnpnde§ abrthemostrpsiBuyyesiGDKSTN 6 Bealetiies ol
° of oAl EhoRHEABERLIRY AR SHEAPSE IER0GR! Mbollel by RXe R b e sl O

nor mal hunan “donor . e days hé 'm

i nt r anustesérétiddyabore imPxaangie d8)itliddevictati tiepreent IVRn@SEFRAhcddWEBhd er
pre-pulsed with 50 ng influenza virus vaccine. Three weeks post- _
i muni z j’t“l“lﬂ’i‘ ipHuengacpedtBr entredy thanjthahechievied bivdraditionale thtfagruscular immunization

i nfl r j j.0nal FELI SA. shown in
H aur e ADIERE2EL Th G copl ARPOaed BB RNV e randhle eherdfinrice
huban | dGmaRumoneloml entitaslieshown usi ng KSCN at escal ati ng :

EXAMPLE 21

Higher amounts of antigen provided in a device of the present.invention can cause a étip'pression
of the immune_respopse. Balb/c mice were implanted with the device loaded with the 5 to 50 HE:
of influenza vaccine or immunized in the iht'ra-fob_tpad with the antigen mixed with Ribi e
20 adjuvant. Mice were euthanized ten days post-immunization and spleen cells were is'dlat_ed and
' plated in 96 well plates (2 x 10 cells/well). Cells were exposed t§ influenza antigen for 72 hours
at 37 C. Following stimulation with antigen, supernatants were removed from the cﬁltﬁres and
gamma-interferon production was measuréd using an ELISA kit (Endogen). As shown in Figure
27, the mice immunized with a combinat_ibﬁ of the anfigcn and the Ribi adjuvant gave an immune
125 response which increased directly with the dose of antigen. In contrast, the mice immunized with
antigen inside the device showed a étimulation of the immune response at the low dos'es.of
apﬁgen (as noted in previous 'Exa_mples herein) but a decrease in thé ifnmune 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 resﬁonse. .This method can be

30 used in treatment strategies where specific immunosuppression is useful, e.g., transplantation,




nolarity to neasure the relative affinity of the serumanti bodies to

i nfl uenza antigen (as described above in Exanple 18), the device of the
present invention produced a higher titer human influenza-specific
antibody than that achieved by traditional, intranuscul giplddhue Zaki on
(Figure 26). This method can al so be used to generate human hybri domas
capabl e of producing 15 human nonocl onal33ant i bodi es. EXAMPLE 21 Hi gher
amounts of antigen provided in a device of the present-invention can cause
a suppr e84§78% €of the i mune. response. Balb/c mice were inplanted with the
device | oaded with the 5 to 50 of influenza vaccine or imunized in the
intra-footpad with the antigen mxed with R bi 20 adjuvant. M ce were

eut hani zed ten days post-imuni zati ogxaspgplo@en cells were isolated and
plated in 96 well plates (2 x 105 cells/well). Cells were exposed to

i nfluenza antigen for 72 hours at 37 C, Following stinmulation with
antigen, ~super.natants were renoved fromthe cultures and gamma-interferon
product i 3ﬁe \aﬁ‘gcﬁ%égﬁ PEGSUHPHAUSR cﬁ?{éﬂ beiused 1R EFBGAN) AN IENWIRIRIPONSF triagur e

27, the PdESadhHIAHRI M ik te: ' . he Rihi :
adj uvantﬁ%gve an i ﬁg%W%HPQSBQQe%€°§E‘S?‘ ér%glscggé%llgggg?ﬁ%e\gfﬁ? W %evaag%
of anti géineumoveocddymedyces hepedifie immumairapdnsei Pheurnotdxgea poRsares t he devi ce
showed a_stinul ation of the i.m’ru'[e]l?igfxesponse at the | ow doses of antigen

(as not el THNPER SHSISRRPITELE A _ %P‘Htﬂedéaﬂﬁé‘&f eabsagahatides framthed3 most
bt i e g h gL 80 TSl BB RRG B B

anounts of anti gen 1 n an I nplante vice O e present

a-down rtgRnebinovasofactine cithenine degipanpéantcBiubeutnidoasly 6o deReibeBibove & rhiked
treat ment L;tl{ig,te i es where specific inmunosuppression is useful, e.g.,
t

t ranspl afl fadiyvanandangrstedapioghe faotaad. ehlpicewvere odwPDeEY 20 afthessgeditye

i . . | b i t
o hor, SEEERRS: B OREAR D RELURETY S DR TR AR

pneunocoesaults staecthaean imrhitrassmnax to2@ly ficolbite Snegp@eh bl GcHi&I¥H I§ing @RPONSE.
Pneunovax i.s a. pol yval ent pneunobcoccal vaccine consisting of highly -
purifi edd%"é‘if‘s?ﬁtg? Prﬁé?‘?é‘a‘@@ga%i des fromthe 23 npbst prevalent or invasive
pneunococcal types. Mce were inmunized with either 5 g or 40 pg of the .
Pneonpovax vaccine either in a device inplanted subcutaneously as descri bed
above, or m xed 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 2 model protein for these experiments, since
development of an immune response to cyclophilin has been difficult to achieve, sinc;: this
protein is highly conserved among mammalian Spécies. Mice were immunized with § ug, 50 ng |
or 0.5 ng of human cyclophilin either loaded into a device of the present invention and implanted, |
_ subcutah¢ously, or mixed with Ribi adju.vaht 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 prescht |
~ invention showed a superior response to the antigcﬁ in comparison with the mice immunized
. Subcutaneously with cyclophilin plus Ribi adj ﬁvant. This result demonstrates that the device can
induce an immune respohse 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



with R bi adjuvant and injected into the footpad. Al mce were bled on Day
10 and assayed by tO ELISA for total 1gG (Figure 29), Igd (Figure 30) and
| g&a (Figure 31) response. These results show that an i mmune response to
pol ysacchari de antigens can be achieved using the devigegof thegesesent

i nventi on. EXAMPLE 23 The device of the present invention can be used to
generate an i mmune response to a highly 3415 conserved antigen. Cyclophilin
was sel ected as a nodel protein for these experinents, since devel opnment
of an i rthentevicesfonspresant ayeht@nir te (a8 te@bratd & infihie xfeﬁlpcﬁ&é‘loex)éﬁolesl'i%ce
this protein is highly conserved among manmmal i an species. M ce were

i muni z SESHISAS 51 s eXgermgnt, BrcQwereigynizad Hah logemoo]gmmmmae neingleithetes!

Iy,

e wi RV R S Ay R0t PR R L fresittdn e asneineai9020

the serdiveaarviesijeded Sibcannb@Ra HRSROMER. 19 SHATR FiG OB ol BlocE] EP oA s
r |

shown in Figure 32, mce imunized with the t doses
usi‘hg t hedussdLesnsrificrietabess asmeasupsddnt ElgiS As HOthbean pugitle o mirﬁﬁriwzfg%ﬂ)s'% Q

t he ant| LNeCcO rison. wth t i mmunj zed . subcut aneously wth
cycl ophif g]%emr)f)ug %)ﬁcoﬁﬁfflwgd?dug’ﬁ‘rl?o?& ayRplAE Heng dradinted larveedadi ce
can | N@p&Rdzaited, FEEHERIve R@Jlﬁ&;ﬂé? idligdit e GAREH t .ch |
ot herw sg non- i miguEEoglenF’i m’rﬁlnl zatl%n w th lﬁ%at%ﬂ dsﬁ‘%(r} @hvd?e %ﬁi’?gen in
t he devipeesent. mt\/ht@lqmrcasémtachlnvmwmgla Hedrtased mxmlmﬂtdxfergaﬁﬁmsmm ne response.
EXAVPLE 24 14 Decenber 2006 34 The device of the present invention can be
used to generate an inmmune response to whole, live organisms. In this
'_exn)erlnqm FbfGonhe bk BB rvae us either 5
{larvae pr oalllndelglﬁ? ns?ge a suég)lcﬁt‘i~Jn aﬁtggﬂgo yy:grrr%%? 5{ l%glheﬁ‘é’a%sfw‘tt SF%@B%

i nvent i érem tire spétitay e2GMGal dharetdriativameico]. EHeqileeHGHIGRLOWThote HrIRAkS e
apart. As.sho |n gi_ gure 33, both protocols 5 induced L3-specific total
T

1 gG as TRAUdFIS egpecty Wlupzativisang nposEripie. thy scoaprefhe gaentiin Beingiumber
of par asidibfe®b m AU n B AR KNRY aL; ng irradiated

| arvae and spo?ozo es, respectpvgﬁlé“\ﬂ1 {ggu‘gﬁ(eggnﬁefaé"flﬁm? ﬁ‘(‘?l"g%?f‘g‘gt apgirange of

i nmuni zaqm@raleusya@,mdeaddbt«mheenm‘ractddeherahesent. i nvention can be achieved
usi ng a decreased nunber of organisns. 10 This invention nmay be enbodied in
other forms or carried out in other ways w thout departing '

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

2.7

their entireties.



fromthe spirit or essential characteristics thereof. The present

di sclosure is therefore to be considered as in all respects illustrative
and not restrictive, the scope of the invention being indicated by the
appended d ains, and all changes which cone within the i range of
equi val ency are intended to be enbraced therein. variougpggﬁﬁﬂgg?ﬂgns are
cited herein, the disclosures of which ase incorporated by reference in
their entireties. 14 Decenber 2006 35 WHAT IS CLAIMED IS: 1. Use of a
devi ce MHARWBCBAIMED Ife | nmune response in a mamal to an antigen,
wherein the device conprises a porous matrix contained wthin a perforated
but otherw se inperneable container, said nmatrix containing a quantity of
sai d antli genUseloE adseice BahbE Fidaing, VihG St 1 of
said mamual , wherein said dgﬂlgtglgaﬂtmtgrlgg%dsn@g?}ppgseo@eat'ﬁe [ m*r&dgéerp@s&ty%?rel’%g%/rgm
encount & deaicg comprigesa pordus matnxdcordsieed wiltlin: sprerferatedsmo beerwide infp@meate of

claiml erein the antigen.is bioayvailahle w thin said porous nmatrix at
the ti ﬁ@%@ei’ BT APRtHE coftaming a Apaniiy PE%’“@ ARtEta the Yog cAEPTising implanting thef

cl ai m 1dwhies @ithid e b l ResRIRSwWRLRAY S . MY i matri x
after the device hasa%%gﬁﬁg%planteawﬁﬁ?gl%%#gghé%%%%a%%g%$ﬁgh§§%8§§e@ﬁgqh13
wher ei nteeficguater sa3é antigeocmd o niadaleé sadirenmine uéspbhisece days after '
inplantation within said manmal . 5.. The use of claim| wherein said
antigen is introduced into said device about three days after

i npl ant @t i oNThé usd P8 I ' falgen: di | ded Ln a
del ayed rel ease fo?ﬁnﬂ?igfil ﬁ]he%l%wT%]ng@E@g@%? a‘éﬁgpl%av%%gglgip%@%%tgg%g’f
matri x Hewsdiimpkntationlof seididevicaimpisald m&nniBhe use of claim 1 wherein said
polynmeric material is selected fromnatural and synthetic sources. .9. The
use of claim8. wherein said polynmeric matrix is selected fromthe group
consi st 5ng_offhe Byslé il GehoRth WY difiped BRI biARMUSIEWIRRE soid BONLE BB 1Y
acetate copol yner, polylactic acid, “polylacti ée-g ycol 1 de copblyner,

gel at i nafterdbe dejdes hasthess ithplakted ivtolsasgwamnetd conbi nations t her eof .

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 ailtigcn 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 mételial.
8. - The use of claim 1 wherein said p’bly_meric 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, éollagen, cross-linked collagen, and combinations
. thereof.: |

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

natural and synthetic sources.



10. The use of claim| wherein said container conprises a polyneric
material selected from natural and synthetic sources. 14 Decenber 2006 36
11. The use of claim1 wherein the porous polyner matri x conprises

hydr oxyl ated pol yvinyl acetate and the container conpri nt of
perforated tubing. 12. The use of claim 1l wherein saidléﬁg%?ﬁPéqgﬁgantigen
and the timng of the bioavailability 8¢ said antigen within said device
relative to the tine of inplantation of said device into said mamal -
results in inducing or enhancing the i nmune response to said antigen. 13.

The use;pf claim1 erein said antigen is bioavailable wthin said device
after |1?rpl akﬁ%yfeo%%"hgf”&‘eﬁé‘?/&\?é’q%d’o&ﬂ?@ ThifRFeomprides Wldeoxybatedpolylinlym

13 wher giofats ahditiRRbh@RRr LSmpALd: ! e figyi.ce about 2-4 days
after the inplantati on'(r)f sgi dS%%\le} cgnﬂlérﬁp%rt?g%tgdﬁ@fﬁ%l. 15. The use of

claim1l wherein said quantity of antigen and the timng of the - ‘

bi oavail bi Ijrﬁ%(usseg(}‘fdiaid antigen within said device relative to the tine of -

i mpl ant at'i on Hed wherei pid quantityahantigen esd thedimning i er s siaiighidity
down r egftdadd AdieR Wil Sid . ial o ne response t sai d anti gen.
16. The use of %gl aim 15 é\%ﬁg‘?g% F\e?zggavi%g&ggét?%gﬁ f”%?%?%ﬁ%??%%‘?ge‘ﬂﬂ‘l‘ﬁ%s%%i d
devi ce memprrasilteiminducing baedlahciap thd inthinsRkor¥B TR afitigen. 17- The use of
claiml1 wherein said device is renmoved fromthe body of salg manmal after a
period of about 10 days. 18. The use of claim 1l wherein a second quantity -
of sai diant | PROudeSof clBinyt: i . td. device. .19. The use of claim 18

_ wherein said second anggggtz{?g&g@%gié{%&gﬁﬁ?Sgbelﬂg\laélaﬁéi‘W#PB8?:} d5vics pllers 5 d
. devi ce mplatationesf saidl devive info said mamaednd quantity of said antigen present

“within the device at the time of inplantation. 14 Decenber 2006 37 20. A

i mpl ant abl e ‘'devi ce for nodul ati ng an i mune response to an antigen

conpri sig1g arhe 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 ié removed froxh the body of said mammal aﬁer 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 an_tigen'is_ reintroduced into said

device by delayed release of said second quanfity of said antigen present within the device at the

time of implantation.
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porous matrix contained, within a perforated but otherw se inperneable
container. 21. The device of claim 20 wherein said antigen is present

Wi thin said porous matri x. 22. The device of claim20 further conprising
means for introducing said antigen into contact wth 32&9 goh$%§0 trix,
either prior to or after inplantation. 23. The device CEMRY erein
said matrix conprises a polyneric materidl. f~ 24. The device of claim23
wherein said polyneric material is selected fromnatural and synthetic
sour ces. 205. Tmgnyhdanitabde ddvice] far modulatipg areimmaat despohsente manantigtrecimprisisg a
selected fromthe grou onsji sti.ng of . hydroxyl ated pol yvinyl acetate,

et hyl ene/ vi ny PO@Bé?fgf@pwﬁ%?%W}m%&e&fPé%?c{ guty%@?‘avsegw%ﬁae{h‘aéewwb| i de
copol ymer, pol yurethane, gelatin, collagen, cross-linked collagen and
conbi nations thereof. 26. The device of claim20 wherein said container
conpri segla s&gedeticodf ganf 20 ahadintsabi agigen 27preddre vlehin e£id @brols ahaniz0
wherein said contai ner conprises a perforated but otherw se inperneable
coating di sposed around said porous matrix. 28. The device of claim 27
wherein id I i ‘i efi . The -devi ce of
claim 28%'\%her gﬁgt‘ié@?‘éggﬁw rr%dra @gﬂ Frlg g(é?gsﬁﬂé: Tege %5?1550 @?’%‘%Sﬁﬁtaﬁ’?@m L}g contact
syntheti c soukG@Ssaid3droushnatdeVditer pfioratb ar aft2Oimplant@iipn.sai d pol yneric
material is selected fromthe group consisting of cross-linked coll agen,
pol yl actic acid, polylactide-glycolide copolynmer, polyethylene, silicone,

conti nat fons REYEUFE SheipEal HhFin Gtk Rl ehb s MehetGhend m 2o

vher ei n the porous matrix conprises hydroxyl ated polyvinyl acetate and the
cont ai ner conprises a segnent of perforated tubing. 32. Use of a device for
obt ai ni ng4i nmlhe dewre of flaon?awhemmedald pipmeiin material évsadestedcbopmages! and
porous matrix coptained wthin a perforated but otherw se inperneabl e

cont ai ner, tﬁ@tﬁgtécsc?&ﬁﬁ?f'i sing inplanting the device in the nanmal and
harvesting the i mune cells from the inplanted device.

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

collagen and combinations thereof.
26.  The device of claim 20 wherein said container comprises a segment of perforated tubir;g.

L o 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, polylactic acid, polyléctidnglycolide copolymer,
polyethylene, silicone, latex resin, polystyrene, acrylic resin, polyvinylpyrrolidone, and

combinations thereof.
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33. The use of claim 32 wherein said harvested cells are reintroduced into
said manmmal. ( 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 nmatrj f i evi ce.
36. The use of .claim 35 wherein said inmune cells are r%?%‘?g%%ggg into
said mammal . 37. The use of claim 35 wh&ein said inmune cells are _
reintroduced into said manmal after exposure to said antigen in vitro. 38.
The deyj ce ofic QLALLM 20 WAt FBrbad Mat B TTrhSEses Ay@Ok YRR poly Wi i al .
39. The device of claim38 wherein said polyneric material is sel'ect'ed-from
nat ur ahcetatelandthetdostainer sounpuess. a segtenThepetéarated tdfingl ai m 39 wherein sai d
polymeric materical is selected fromthe group consisting of hydroxyl ated
pol yvi nyl acetate, ethylene/vinyl acetate copolymer, polylactic acid,

pol yl aﬁi.' deya!: -XF?'dbG@e ?&%‘téﬁﬁ%%zimﬂ%ﬁé%ﬂ& A3ALa Gl ALl Rhefed 1BUBRIce |
cross-l1nked col agen and conbinations thereof. 41. The device of claim 32
wher ei compiigts aquraisnaatrigaoptaimseswishisegrefirated bpeothervaseunpeanieatge comtaineifhe

device of claim.32 wherei.n said contaj ner conpri.ses a.perfaorated byt
ot her wihese comBFREEIIE e tilerieindhe o B i fhe e pelly from
Decenbﬁ{cig.@%te@@evé} . The device of claim42 wherein said coating conprises

a polynmeri ¢ material. 44. The device of claim43 wherein said polyneric
material is selected fromnatural and synthetic sources. 45. The device of

claim 44 wherein said. ric mpjerial js.selected fromthe .grou
Coas 583y, The uie sLCIRimh AL IVREF e ackert g Sol A nEo e eb to Syid pRimels

-pol ystyrene, acrylic resin, polylactic acid, polylactide-glycolide
copol yner, polyvinyl pyrrolidone, and conbinations thereof. 46. The device™

of cl aB#n 32 Thhasebfhclaine 3p svhersin sEitl harvestedpells e dryafireseyvesit teforp atiptrodndtion -
acetate and _the coptainer conprises a segnent of perforated tubing. 47. The
use of UKP SHHMMINMALr i n said i mune cells are used for the preparation of a
hybri doma for the production of a nonoclonal antibody agai nst said antigen.

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 mammial.

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 compﬁses a polymeric material.

39. ' The device of claim 38 wherein said polymeric material is seleéted 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, polyuréthane, gelatin, collagen, cross-linked collagen and

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

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

impermeable coating dispoéed around said porous matrix.



48. Use of a device for immunizing a mammal with an antigen for the
preparation of a hybridoma for the production of a nonoclonal anti body
agai nst said antigen, said use.conprising imunizing said mammal according
to claim12. 49. Use of a device according to claim21 f40'é th§ lpécﬁygarati on
of a hybridoma for the production of a nonoclonal antiBods e R§athSt said
antigen, the use conprising imunizing &8 mamual with said device. 50. The
use of claim 12 wherein said i mune response to said antigen is sel ected
fromthe group consisting of prophylactic vaccination, therapeutic

vacci nafa on, : i j . nmuni t osal immunity,

| ong-t ZJF}Im i nﬁﬁﬁvﬁea(gﬁm%ﬁg? {hg%g& ?zkaélrn &t angf.gs %Jgnglcy{ﬁenﬁ mplsHale accor di ng
to claim12 for ‘the production of hybridomas produci ng human nonocl onal
anti bodj es agai nst a presel ected antigen, the use conprising the sequenti al
steps dt% 14 iseaf chomet3 wherein) saicdhpolyagtic mepteniatansalentedfremalatuvhlcmd

| ynpho -] he circul ation of a severe conbined i munodefi ci ent

(SCI D) %ﬁ@e&g‘%ﬁm&[ | owi ng said | ynphocytes to populate the inmune system
of sai'd nouse; (b) inmplanting in said nouse a device of claim2l, the
antigen of said device _conprising said preselected antigen; (c) harvesting
i mune el | sﬁ%@ﬂﬁ@&f@lad@\ﬁrlp‘éherem)sapi pqlammierig miapdrial dossectéd romBhd yroppocyt es
present,. | j Vi€ { ne , cells: d (e).identifying by screening
et noas a5 T LB B Lo LB Bty islehe e M s R VBBt schresin

r ecognipoyladicthet, poBiRtIHE Gl RitE Sdibqlﬁﬂer,?%l%{vﬂ{ylﬁyrﬁﬂiﬁoﬁ.@, ainarcoﬁ@ﬁ{a%%t Ing
immune cells of a mammal wth genetic material’, ™ wherein the device

sconpri dhareaf. porous matrix contained within a perforated but otherw se
“iripermeabl e contai ner, the use conprising inplanting.said device within the
body of said rmammal, wherein the matrix of said device conprises said
genet i 6mat €Tlicedevidedf cli@ I25@h&kinGhe poRoasd nydkex 6l | | Lpl is
sel ected fromthe group consisting OP DNA, R&ﬁgﬁ%éééaﬁl@%dﬁ&i%gﬁ&gg of
cl ai m Foeiifernd;the sentaingfegomprisesasegment of paderatask tubingant i gen.

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.  Useofa device according to claim 21 for the preparation of a hybridoma for the
produ_ction 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 cla_im' 12 for the production of hybridomas producing human

" monoclonal antibod_ies agaiflst_ g:p_r_e_:'sel_e_cted antigen, the use comprising the sequential steps of:
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55. Use of a device for the treatnment or prophylaxis of a disease or
condition caused by an inmune response, conprising suppressing said imune
response according to claim15. 56. The use of claimb55 mherein sai d
di sease or condition is selected fromthe group COHSISZ#B foedhdfRr gi es,

. . . . be
transpl ant rejection, and autoi mune di seases. 57 0 devi ce for
nodul ating the i mmune response in a mameal to an antigen, wherein said
devi ce conprises said antigen and further conprises means for Iiniting‘the

BRI LT T RN I R R R
conprising inpl &;m&ﬁ'& iSdhhdR YLt (WAID) hdukE aR® 8oWingSaldyiRAB&Htes to
populate the immune system of said mouse;
®) implanting in said mouse a device of claim 21, the antigen of said device
comprising said preselected antigen; '
© 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.
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' 55. Use of a device for the treatment or prophylax1s of a disease or condition caused by an

immune response comprising suppressing sa1d immune response accordmg to claim 15.

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

consisting of allergies, transplant rejection,'ahd autoimmune diseases.

57.  Use of a device for niodulating the immune response in a mammal to an antigeﬁ, wherein
said device comprises said antigen and further comprises means for limiting the passive diffusion
of molecules out of said device w1thout hm1t1ng the active movement of immune cells into or out

of said device, said use comprising 1mp1antmg said dev1ce within the body of said mammal.
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