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The present i WoeHtEh rel ates generally tp a nethod for CaYS f3ﬂ a
manmal an i nmune response to an antigen, using an inplantable device

whi ch exposes METHODSND DE\HCESrEORIMGDUI.EATING THE IMMUNE ®RESPONSE he

I mmune system By creating an ar envi ronment m m cking the
conposition and role of a |ynph e VENIMGN| ating the

bi oavail ability of antigen within t he device, a robust response may
be i nduced against an antigen, or an existing immune response may be
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organs in a localized staggered manner, under the optimal concentration gradient and under the

20 appropriate environment comprising co-stimulatory molecules, a response is induced 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 development of a desirably robust immune response. Antigens used
for vaccination include attenuated and inactivated bacteria and viruses and their components.

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

animals numerous techniques are available to enhance the development of the immune response,
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20 irradiation by implanting sponges loaded with antigen. Recovery of immunity was determined
by measuring cytotoxic T lymphocyte activity of cells recovered in the sponges over time.
Zangemeister-Wittke et al. (1989, J. Immunol. 143:379-385) injected a tumor vaccine into
sponges implanted in tumor-immune mice, and monitored the generation of a secondary immune
response at the sponge site. No accompanying effect was apparent in Iymph 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 tumor cells to show that these cells could be used to adoptively transfer

anti-tumor activity. The frequency of tumor-reactive cytotoxic T cells recovered from the

sponge, along with regional lymph nodes and the spleen, were measured in animals receiving the

30 tumor-cell-loaded sponge implants. The sponges contained a four-fold higher frequency of
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whi ch becones bi oavail able follow ng inplantation. The device will attract
20 cells of the imune systemto encounter the antigen within the
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For exanple, inthe practice of the invention, small anounts of antigen are

provi ded wihutigen may be presegbipithedayicetbrireimplantation auiatrodusad pitér dmplantation;
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bioavailable form which becomes bioavailable following implantation. The device will attract

—

20 cells of the immune system to encounter the antigen within the device, and the encounter will
modulate the immune response to the antigen. The perforated container acts as a diffusion
barrier, maintaining within the device high levels of cytokines and other co-stimulatory factors
produced by immune cells within the device which on exposure to other immune cells in the
device, enhance the development of the desired immune response. The perforations permit the

25 ingress and egress of immune cells. The desired immune response may include cellular,
mucosal, and humoral immunity, and may be applied to both healthy mammals and those who

may benefit from immunotherapy.

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

device of the present invention prior to implantation within the mammal. Preferably, the antigeﬁ
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matrix of the device about three days after inplantation withi'n the
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Further within tht ﬁﬁtrﬁfaﬁ"ehmpmtdﬁﬁﬁl,&)r dnrdntigeniicBodiced theref £fRe Riplafmiinl Mas
i nclude the harvesting o cells {rom t he deV| ce for
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using the invention described herein, by creating an artificial -
In a further embodiment, the method and device of the present invention can be used to decrease
or down regulate the immune response to an antigen within a mammal, by using a high
concentration of a particular antigen within the device which results in suppression of the
immune response to the particular antigen, and the inhibition of the development of an immune
20 response to the antigen. Cytokines or other co-stimulatory molecules can also be provided within

the device,

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

* animals harboring human immune cells.

As will be evident below, using the invention described herein, by creating an artificial
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and by nanipul ating the bi coavail ability of antigen within the
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days after inplantation, in the absence of any introduced antigen.

FIGURE 4 shows the effect ﬂmmgm%mo}fmmjm' ato the device on the
nunbers of CD3- positive cells (T cells), CD80-positive cells (B
cells), and CD 14- posi tive cells (macrophages as representati ve
subset of ' ) t
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expression of CD4 (helper T cells) and CD8 (cytotoxic T cells)
positive cells in the spleens of mce ten days after inplantation of a

device  FIGURE 2081L kR kikhsflof BRInuRDOR oA 1yped biefis FERAHDShOevict btz

anti gen, | mruni zat 1 on t he footpad antigen plus
adj uvant . aﬁeanl@ntatmﬂ-‘Wl@dﬂEaIﬁ' agfigingirescntrwithis the doﬂca he proliferative
response of spleen cells to influenza antigen from m ce that

either had been inplanted with a device containing antigen, wth or wthout
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by
gamma- i nt efaysager lww%f’%éwhe absence of any intgodygofentigedhows t he | evel of
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| ynph nodes of mice i munized in the footpad with influenza anti gen plus
adj uvant . FIGURE 4 shows the effect of introduction of antigen into the device on the numbers of CD3-

positive cells (T cells), CD80-positive cells (B cells), and CD14-positive cells (macrophages as
representative subset of antigen presenting cells) within the device at days 3, 7, and 10 post-

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

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

with antigen plus adjuvant.

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

by gamma-interferon production.

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

25 lymph nodes of mice immunized in the footpad with influenza antigen plus adjuvant.
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neasured by | evel of gamma- interferon secretion in mce i munized
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first imunization, with 10% of the anount of the initial inmrunization
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ei ther using the device of the present invention w thout adjuvant, or by 25

conventional footpad i munization with the Ri bi adjuvant. Circul at | ng | g&Xxa

level's Wt @URE 11 shows Rk GbAT a® hithef G anbddy rBBi%e X adifdfls TGRS GHR-

15 devices containing various doses of HIV gp120 peptide antigen, compared with animals

D»

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

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

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

20 FIGURE 13 compares the development of specific IlgG2a antibodies against the HIV gp120
peptide in animals immunized either with the device of the present invention, with or without

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

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

detected using serial dilutions of the mouse sera.



7 ~ FIGURE 15 shows the |evel of total Influenza virus-specific 1gG
devel oped after inmunization of mce with either 0.1 [err]g or 10
[err]g of in{] hemaggl utinin protein fragnent .(BHA) i

device of th O%?’gisg}nt i nvention, w thoutyadjuvant, conpar e%c\t/r\nmt%%gﬂmse? sane
antigen dose given in t he footpad, wth Ribi adjuvant. 5 F1 GURE
16 depi ct FIGURENSshbwstholeval of tatal Thilwenkd vitisispecifsskh@ydevelopgl dfenitmmutizaicher on
as the readout. were |.muuni zed w j nfl u,e%a ant i gen .using the

. M ce h
devi ce of of méeeigcither §-hy8AE 1 Ohe otiptinges he@asg{utm@dawa agmeRT B thet h
foot pad i rgiiRd 8Ahd i R Wi in @ Sy AL witk siths SntGRH RS en in
to imuni zatiton wth antigen 1 n an | nplant ed porous polyner matri X (but not
pr esent withdtootpadyewith Ribi adjyyantf or at ed contai ner, as is the device of the
present invention). 10 FI GURE 17 shows the results of the above
experinment upon in-vitro challenge of spleen cells, frominfluenza
I unj zed FIGURE M depictsliccreails @f aTickld edtivaiiiiMissayl udthig Gainhiadintefferos RS the fréadotity Of
t he response devel oped foll owi ng i muni zation usi ng . the device of

the preser¥ice Werimmymized with influenza) anfipgn using dhgdevics of the preseniiinventign, withew ej n

bovi I ) i f ' est . . . I d
ot ho. deqtiihil HBafbl vt botph ook il SURSRRARARViG pivvan g8 sl Sor TP ©
phenot ype tofmmehizaion xtithantigeh ift an imglanded parensgiolynies natres@nt nat presatt within the

wi thout or wth influenza gntjgen, .4 days after (nsertion into mce. Val ues
for the sa"ﬁg"’@?plm?‘?‘b‘&'sas‘sg‘edeg“"?ﬂf‘ﬂ‘épﬁ%m}“ﬁ?ﬁ'ﬁlnxod | ynphocyt es from nai ve
m ce are shown. FI GURE 20 shows the levels of stinulatory
cytokines in a device of the present invention in the absence of

anti gen aFlobiRFak7eshowstheggsultsof the ahove prperiment upon m-dyREhaliengrgfisplesn cdils,
tent of ic.T cel : NuA - i nf.ect ed
Chr gt celTor il hmffirba Mg S iPlp-tos BRiell 05U bl {ERfRa BB ©

cont ai ni ngespohdeldenaiopedifolitaving immunization asingthe devicoslihe @esent inkerioh.Tal s

subcut aneously i nmuni zed with influenza virus vacci ne together with
adj uvant . FI GURE 22 conpares the hunoral response as neasured by

the |evel MBURK 18&p%E the FeblfitsDPE piotdifs (oRine serh@Glbuntinyifsibd M HonEShokd N t he
device of the present invention Contalning Influenza virus vacci ne,
wi th mi ce aloneeaicorapared todha devico 9f thy prosent inviaetionacci ne pl us adj uvant .

15 FIGURE 19 depicts the phenotype of cells extracted from a device of the present invention,
without or with influenza antigen, 4 days after insertion into mice. Values for the same cell types

in peripheral blood lymphocytes from naive mice are shown.

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

absence of antigen as compared to levels in serum.

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

together with adjuvant.

FIGURE 22 compares the humoral response as measured by the level of influenza virus-specific
25 IgGl1 in mice immunized with the device of the present invention containing influenza virus

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



8 FI GURE 23 shows the affinity of influenza-specific IgGlL raised in
animal s i muni zed wth the devi ce of the present invention :
contai ning influenza virus vaccine as conpared with aninals

i nuni zed subowyasssously with the vaccine plus adjuvant. pcrusesnssisl GURE 24
depicts the survival of mce challenged 8with infl uenza virus after

i mruni zat devi.ce of the ent j.nventian containi ng
i nfl uenzai: m££ﬂ@yﬁ i ‘@Bzavﬁpfcﬂﬁ raised in animals ipogugyged with th

subcut anegyfde bt metpi’eséﬁﬁ’m)éﬁﬁ&i dibﬁtaﬁﬁlitﬁnﬁﬂ’dnﬂéfﬁms vaccine as comparbdWitE aimafiePi Ct s
the titer of influenza-specific human |1gG anti bodies raised in SCID mce

usi ng a diewvhunizedsuhctangnuslyarith theyvasame plus agioyaphr ed wit h i ntranuscul ar

| muni zati on. FI GURE 26 shows the affinity of the serum anti bodi es
to influenza antigen (as described in 10 Figure 25) conpared to

ant i bodi eRIGUREP4Iddpicts the survivslofndice chelisngedswitihinfloenza viranifiey @Amunization with

FI GURE 27,shows the suppr.essi.on of .t.he i mmune, respanse by hi gh anpunt s of

ant i gen. pPedeHte of the presef{meention conARRE (YRCTsP Sswh YaoriR ey AoRpRred with mice
FI GURE ZQn%mgﬁ&hﬁﬁegug@Mmthﬁ%cﬂg%%g@ﬂ ce of the present invention

for immunization wth pl asm d FI GURE 29-31 denonstrate
the utility of the device of the present invention for generating an

' de h
T SERERE 1 b KR SRR AR BB pease BT O RRRL L (1
response isingen dévigbbythe cpﬂa@éﬂt mént&mdcdnkpa&dmiﬂnr 1hummmmmmnezaﬁéﬁ I gen,

cycl ophilin. FI GURE 33 shows the utility of the device of the
present invention for elicitinng an i mune 20 response to a parasite

anti gen USRIRBMIP{HOwE e/ éinfity of the serum antibodies to influenza antigen (as described in
10 Figure 25) compared to antibodies raised by intramuscular administration of antigen.

FIGURE 27 shows the suppression of the immune response by high amounts of antigen present

in a device of the present invention.

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 generating an

immune response to a polysaccharide antigen.

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

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

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

20 response to a parasite antigen using whole animals.
D LED

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

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

cm



DETAI LED DESCRI PTI ON : The present invention provides a nethod for
nodul ating in a manmal an i nmune response to an antigen, using an
i mpl ant abl e q%’&g?ﬁsg\ﬁhi ch exposes the antigen in a controll elﬁcf/ﬁs%b/'o&g'l to
cells of ' g 9
the i Mmune system By creating an artificial environnment m m cking the-
conposi t i ahe mduealystemf By creating an artifigihl eneitkenmenn thithicking thexaokrposition adterole of

bi oavailability of antigen w thin the device, .a robust. ._response can
be. | naucodk U aoto. 3 B FYBHA RS HoREER 5 RHIEGR NPIBE AL AHPBE down
regul at ed. reddRselAN b6 &dﬁ@ém@mﬁ%nan@gemm@ﬁgfmgimmm-resFans%Qane@ddMe _
material, surrounded by or 5 contained within a perforated but otherw se

i nper meabl regwWatad.i Fep devich gpmprises a herows malrisf ieer.rasgongs-1tke material, sugounded by oer .
The perforated Nt ai ner | ffusion rrier ok nt ai ne hi
conceﬁt r at cl%gﬁéneﬁ%&un Qﬁ?ﬁ?arqr‘lﬁdlsjbr}lg%g% 1‘seslemg' rgﬂéé)eglr’l?%ﬁ%tgl t%%%n\%? ?’ A F %'ge‘gg’vﬁs ce.
The ant i gedicdntnindii The petfordidodataines B diffusion barnder tOmaimtdimhigh dorentettions
regulated is present within the porous matri x of the device, either before

or after tPdmaupe cell segrejany profunts WiteB theydqdice  Thp antigen torpdtieh angmammg prsgense -
| Mune r esReNEEmiskd6r M@gﬁaﬁé&s preskiit withff (B by .hataﬁv,@it}ig%bh@e,\ehﬁ%}%gg{g g

matri x of the device about™three days after the device
Thi s can ber afiehthe dexdceay inisertedoiniderghe skin. dfror inglucing a rebushiemale iresporase dthe antigen s

tinme, or b usi n device wherein the matri.x c rises a del ayed
el oale. 1 ol Ptk BB NE AR BE il o e device BBU e BRF 0% B BvisBit e

bi oavai | abingertefOThid @ibe REEV &L by e eBiingSHP RIS infdtht evitd TR thiB HRRN6 vy

to a particular_antigen, and depending on the particular antigen, the fully

bi oavai | abWsingmdqvige whersin the matrix eomprisgs|aydelsyed felrase fae Rl the epfigedovhieleaftast or e
it is inpl sl I | . : nti.gen
s piaced Pl dull et VTBTHbte. K U\in bg TG suppressing MEinldRofBlse
anti gen caw a particular bitigentand defeading oh thetpariculay intiged, tizenfully bivavdilgbis ahtigends

S B SRRt R ol et SR W o
left in plafigetHe ahﬁg@wgglaééd%mmexefae&we aflel tHe@RviEEh4¥en Ripidritdad 88 LAGkHAlcEn
materials which will 20 eventual |y disintegrate within the body, or it

can be renbsiafiodicedintq the derdcetransdopmally usingdesyringand hypodermismeedie, by Ant i gen
b ! N . . g ! : q
can be rel ﬁ%ﬁtﬁgiitﬁggt% dlbémn@fﬁi@\iéﬁ@e gMa 19?1&@{ﬁ%é%fléeﬁﬁ 1@% a{céggg? %%?L‘iel%ﬁn b'%e

wi thin evice alone of W uvan or on O
adj uvant s. leRrie placady rgmoved froth the dody. i Iscan be made ofisiedegradable materials Wigclpwitk ent

i nvention offers inprovenent.s t ny,for of i not her , Wherein a 25
desi r &bl e F‘fﬁ‘?‘ﬁ‘ﬁ@y?‘é e D&E&QH&%H%‘?{;{?WB}% r&é’ﬁ??@%’ﬁ‘i‘l“ﬁ&ﬁﬂ"ﬁ%n, and
contrarilyeffdfl€Aftigen can be reintr8duced inté & BS/ide BN Meer HARD AhE @nten cRACHLAEE MithR] O
devel op an immune response against a particular _ antigen can be
suppr essedth§devrealpeepr Wlﬁﬁg@gt“ﬂ%iél qr.a cpmbinatiomef adinwants cRyeferablys no adjuvdnt iss
vacci nati ng.heal thy mamal s agai nst particular antigens, and therapeutic

vacci nati on procedures. Bl ockage or suppression of the inmune
response can be applied to a nanmal before 30 encountering the

articul ar Lanti ge such a future transplant recipient, a mal
g ntici aﬁet Bresq:np invention oﬁsers improvements to mang forms of 1emm otherapy, wggrein a
pat e
25 desirable immune response is developed or increased against an antigen, and contrarily, wherein
an existing immune response or the potential to develop an immune response against a particular
antigen can be suppressed or blocked, respectively. These include vaccination, such as
vaccinating healthy mammals against particular antigens, and therapeutic vaccination procedures.
Blockage 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 predisposed to develop an immune response to an exogenous or

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



be exposed to an allergen, or one predisposed to devel op an i nmune response

to an exogenous or - endogenous antigen, such as in aut oi nmune

di seases. Suppression of an i mune response can

10 R gsmedsnl after exposure to the antigen, such pgrmsssnagsml W th
an allergic or anaphylactic respénse to an antigen, or one  _
undergoing rejection of a transplant. The nmethods and devices of t he

present ibAwesfiliafiar expesus todby @ieen, Siahcs Rmanmegl withgn allersigor eRephylagticudi ng

cel lul ar mﬁi 5 f on of
t he devi ceggﬁ%q@%n a@%grhgao%%mgénganﬁT tet % St I?ItljtctTB?Ien gﬁggwndggﬂésﬁ&fof
mamral i anhd presehiinventios aelirectetitoprardtall Fotnzsrdf ymauhipyypivivdageellilar, himeoral) ey

i nt roduced f%ﬁ}fglg antigens are taken up and processed by antigen
present i A Uit r ophages and dendritic cells, whi ch enter the

| ynph nodes and present inmmunogenic peptides derived fromthe antigen in a
particul ar conformation with MHC anti gens to T |ynphocytes. A speci al

subsét ofThy configumtiowpfithe deyice ang ity }neﬁw of EF@§HWéFtB theéfmeu@énd dmstiep efupport s
t he devel
|nteer§1\(;ten\1(/lf)|IKD 'ﬂéﬁwﬂ%‘l‘ é%@yﬁ%ﬂ éfﬁﬁlgu ebOd ngﬁ‘tlﬁ%glgénsgg?nrécall

ant i gens jantigens are takefl ufl afid mmxaﬂ&yanmgm@rqsbmmgneusemhmﬂmgesa{nd rigndaiticicbils]i es
specific to the i ni The nt.i eentln cells
250 r el St Bier e HHBES P SRR iR de R S g aneed n &
partici pabRichir éda?orﬂﬁﬁﬁl @mnmic ﬂfugéxﬁ% TR CHES PR Qﬁ&lal SibSetRETicenaicesh-

cont ai ner conponent of evice maintains a diffusion barrier which
mai N0 ai n& hIZ)aMerde&iieln fweBamﬂ# g@r’&ums therderelopnednt of high affinidyhymerakigsponseduct s,

such as ki nes \/ cells
oh i LelS b Rterat] bt Roea otk fésp @iy o iR S hteett o kG ofEEAAD
nol ecul esnd diftentigte Ry pemDEHls secreting afiibodict sjebific o he immonieing aftineTheess of
i mmune and ot her cells_into and out. of th devi ce, Ver smal |

anount s GPUSERDTCSERNELEUs 3lolplerss srighipes: han E‘ﬂﬁ‘aﬁ‘é{ "‘fbﬁmf’%‘ﬂﬁfc‘ém%h bust i nmune

response a@ﬁlpate il (R deld16inidnt bﬁﬂe hehwReEphile. Tht pERRate @afiiter Wrhftintnddre
devi ce and he i mmune cells and co- stinulatory nolecules within the

devilge i shqchusc mmmsze@fﬁlm@mﬁd@mma@@mé leyplsof the ghtigep @nd immune gefnune
response l; .
Soliiend sa&eta%r@auc h afSyidile, ithid tg;%a&,f{&d lemxﬁ&wfmug%% b
devi ce ofw1thilethaﬂe\€imtThemﬂ‘dsrhmm resﬁioothbtdﬁ'ﬁrmnmﬁthesdmbied&emﬁm thatieﬂce/\hat is

25 termad&ﬁterllea cessfln whi ¢ ert i.n ced 36‘&# ne system
are attr XEFBHOE AP HBTGSE ) GgFpss of tmmune ﬁr‘fﬂ RiCARd PRES eﬂ‘f& ‘Pﬁ ted
nunber  ofsmaR bfBhuth bORSiger X6 bidATorlndts be ARGuASOSINARE 2 kb ASIUAS response.
cel lular popul ation accunulates within the device, even in the absence of
any 28nt | ngn mtmtwntuween the antlgenmaeava withis the deyicsrand fheiigamos eellsgad eRevi ce at
about da}é}l{h m%ﬂ‘gulg @é isqgus%fp%utn%d@d'érﬂl%@ t}gydcv l%%mcnt of" ﬂ;’g‘une

up an

system ce sent W matri x he antigen is

process edmhi;unafb‘sp(gﬁatof-lﬁe antlgpr,aswalﬂ mmmﬂhg%mnmmmnmemw prauding gnphocyt es.
As the device has limted exposure to the outside by way of the

per f or at #APREHRRATREmorY t8llsne cel I1's can enter, but the antigen is retained

=

Implantation of the device of the present invention into the mammalian body initiates what is i
25 termed a sterile abscess, in which certain cells of the immune system are attracted to the foreign

body and enter through the limited number of perforations. Over the first few days, an increasing

cellular population accumulates within the device, even in the absence of any antigen. With the

bioavailability of antigen in the device at about day three, 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 limited exposure to the

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



within the device and its concentration remains high, as do the
concentrations of co-stinulatory factors secreted by the cell

popul ati on w device, nmuch in the sanme fashion as wthj

| ynph node. A‘&&g%’ 3Iyrrphocyt es becone piinmed and acti vat ed?b?lﬁg%?méﬁé’% | eave
t he device through the limted nunber of perforations and re-enter

t he ci r cul withifntthe dERi¢s and isccoteantratiorbremaing highj ddale the conasrsrafions of ooktimhilatong t he

exposure of the antigen to,i ne syst cells and i nt ai.ni ng
level s of PHrAGHERF REthesalpoRalaion il devira muduin he e fespionds MIGIE 1 obust

i mune  1ymphhB8&R0ARE T Wphddytes BEcoRRPRined ahd SctiviRERh&Scal $ad¥itheldeficdlevi ce
provi des a“several orders of magni t ude i nprovenent in the

devel opnenthrasgh the limitadmumbersqf pexferationsang za-entey ghegirculatipyy ehhus, the device | n a
further th | cal i ' i BRl.antati i f. the

pr eseﬁt in rggﬁlggban%%g?&%ggﬁ ]gl}'%{lﬂﬁsx éﬁo \?’Sr"g{eﬁ egﬂﬁ nttgoﬂ?rga e;a)?r %}lﬁccﬁ% s3’;12§Idant I gen
can funct i maintainingleo¢lpofthé eytokinesaind atherlfastorsineesdsary for develdping/ £robhsl irnahe i t
can down regul ate or_suppress, an exjsti.n r .potential inmune response to
the reSpesT g‘éﬁW"@Pp‘GMéhﬁxa’?‘pké}’?lg‘%t e _fi%éceeeze@%s YT yrdeahar ent | y

i nitiates RAGRLAS jmpréYenteit indfdidevelopment of $R Bfhriidereshofi! th 8 pafiidifir Sitighd.Nat i ng
antigen-specific T cells and progenitors, effectively suppressing

the cellular response and al so the hunoral response directed towards the

oOLEE: Mot ARLRG b, et Bl Y B Rl 0 "
exposiong t behtainiag b lfrgd Anditlof d wftadulad BhitigeR BarCfufiétionlth b opfdeife nBnrr as described
refractory state (i.e., before activation state subsides) will trigger

apopt osi s~ #1ovedn that i 5an dvriegwate or suppress @ exisHag PERRIetipbingmieaesppmsede the
cells) fro | I £ ' : | _

ppr opr i ai SRR BXEERT TRER Gk SERERBloh Gona ARy SFLEE fiBollh of dfteen

sti nmul at i ospeoifictTheells,ulpprelingnating 2ftigen-spdeificBcdllsandprop@stosneffectisein guppradsivug ce
of the pregent _invention will be knho or readily det erm nabl e by
Che. ki |1 cOreapuyIEFeponitan tse MEURRE ryPoes SHsia ot e apiigon anc
thereipre Hyperactivation of TGRS Me@iatell b§ al dTHBHGITYRIRINRS HudfasaN, (DAL ROEN MU 2§ ory
doses of a particular antigen can be determned by in vitro or 1n
vi vo net hodsthk pesigenic stimplas gy gxposing the T cells typddigional antigepicistipnbys sthen inune

response aclhy US| ' . ' ' .
exobots 1 poteCp el (400 By ARN ok BbsilelPul ERERapbilidiits A & qetetion
usual | y, i of thheeactirseclaies (B or T cellspfromuesantigercdpecifie rdphrtoites lhefselactjonofithes. On
a theoretical basis, the.controlled exposure .of .th . . anfigen alone
to i nmune GRRATPRIIALGCONCERITANOR.O; 2 aé?%%fln ?"é@‘fiﬂ?"én%?? Aimulation ‘Efé{ﬁ %@prﬁbsb‘ﬁ’ar s
to 20 oPthe YnfhneftspRbd g Adevice 0N e Presdr® InveAtitnS¥ilibg kaow® Brighdilymmune

response, which i s superior tq . that achi evabl e by the use of
adj uvant s. determinable by the skilled artisan. The immunogenicity of a particular antigen and therefore the

ranges of its immunosuppressive and immunostimulatory doses of a particular antigen can be

determined by in vitro or in vivo methods known in the art.

Moreover, the improved immune response achieved by using the device of the present invention
25 exceeds that achievable with traditional immunization methods which usually, in the case of
animals, includes the use of adjuvants. On a theoretical basis, the controlled exposure of the
antigen alone to immune cells and their co-stimulatory factors within the device appears to
provide an optimal environment for achieving a robust immune response, which is superior to

that achievable by the use of adjuvanfs.



| muni zation offers an effective method for prophylaxis against a number of

I nfecti ous di sease - agents, such as viruses: for exanple, infldenza,
H V, papilloma, hepatitis, cytonegal ovirus, polio, and rabies;
bacteria, foio®xasspl e E. coli, Pseudononas, Shigella, syplciriusessssy
nycobacteri a, Chl anydi a, ricketi?siae, and Serratia narcescens;

fungi, for exarrg? Asper IIus and Candida; 5 and protozoan and
rpaff

mul ti cel |pmgni ey of! wﬁhﬂ%rp%lwwamﬁ%p@mow@nwerca
and aneo TR T Rdel 0 eutic
vacci ne ?g&%tsf’gat an %raéaﬁlglcff{/nlfﬂ ua ﬁ&ﬁ’r’@%y Sdl,’l Jfakilﬁéﬁg %lg‘h&?hf ectious
di sease. pelio,tané rzbiﬂsebacwdm,i fof exatnplus cdi,d”eademomyShzgella syphiils mpy@bartéringd or

treated throu m zat i such as canc are
poor 1y | o PRSI 308 St AL R R op PRARRIE AP et and it o o
stragegy aﬁ@f)romearil&d mulfiéeBRApdraNites) Forlek SAp 185 kisdbonkd) PRBnOURRAORShocdMdh,UV ANt S
as are used routinely wth ani mal i mmuni zations are not avail abl e

to i ncr edBéamegba.nimpunizasien alse effers fhepgteptisl gping p therapayfisriaccine to treat apy st em of

an i ndi V'lﬂdf@ihﬁ%lr@ﬁ& s o ' inkBtidul RRLAO "R ﬁe Whinfed 8 IR

produce an mune~response to an antigen t Woul erw se

produce deprdyested omraated thresghdmmmnizatian) such as canceroMmy\mngnhgdmmmt are

i ndi vidual . ,These situations affer the o nity for.the device of the
8 BRAE toiti P s

present PBOTLY ImpunoSeTic, apd TUppRizAtion has nof ey fate such a

r eSRPNS e pvehttbn R trehttheRUT MR isdh¥es. Ad{ uvants &Y BRHIGRRkLY WHiIAAL | ON
procedures. Suppr essi on of the i mune response nmay al so be

desi r abl dmmynizatians aregiot azilatletednerpasn e impne gesponse. In addlapm,éhegmneor to
f f
prepar e F%?étén? Bk & 1n8ﬁr‘d\lgleor$§t?e%§}ﬁ€gn$t%e ﬁ%{cﬁbﬂﬂ L3695 be %diﬁ% ﬁ&gm o ohe

transpl an res nses-ar e
under | yi igmahé mbmye tomnanﬁgeﬁhm vmﬁleﬂxemsaptbmmmmmainﬂnmieh&poﬁbe seases,

such as type | et es, {; toid,art nul.t |fo scl.erosi s,
uveitis, °¥‘{}§‘t"é FFeﬁ“B%‘t%s 0 ?Pé’ﬁF‘éFqur v Ede‘ﬁwf@“d%%em
di sgase. uﬁaenﬁambaaﬁmm& d fBbust immune rédpohsdGhdtetiet a ésﬁiﬁ&é ﬁsulamo@dzepoesﬂ@é e;nt

i nvention containing the suspect antigen, entry of cel prined to-
recogni z&onveations inavnization pwcediRiced t o under go apopt 05| s, and be
elimnated fromthe i mmune system Elimnation of progenitor
antigen-specific cells can permt the later transplant 25 of foreign

ant i gens Snpprassicn of djeamniuna response may also Euddsim:ie tottrehf deitain cohditidre, geleaent

i nvention,include | n the erat i on of | onal

ant i bodi @Eerg}eﬁqﬁﬁﬁ%}’ E" r’r% ?3‘8?%’5 ﬁ‘ﬁ’ﬂ%ﬁ%@ s‘?ﬁ"% HIFERIY- ani nal s
and obt aiydpBebpliBe immune respoﬂ@e%'afeﬂfélﬁx&ﬂ&d’ﬂ@th@ﬁn@ﬂ&in@@ﬁdlogﬁm%ﬂﬁib%i@fd In one
enbodi nent, a procedure for preparing pol ycl onal (inmune serun) and

nmonée| onautomumd@@ea@a‘raﬁ@s sugh 2 Pe b@hbeépﬁarhpwt@d@ﬁhxyus, mubliple sclergsiput e
quant i ti gye; g@QyQQnB%JuQEWgQ§»s$§1EKQs§¥e§ﬁ L&lﬁcﬁ%‘s‘sﬂ{} ask. g %%&pm&me -

o

devi ce can Afount  of era
order t o anmodividead atibnecearf thrqirgeseaﬁmmnum«:antmmng the suspect antlgen, entry of cells

primed to recognize the antigen can be induced to undergo apoptosis, and be eliminated from the ‘
immune system. Elimination of progenitor antigen-specific cells can permit the later transplant ,

25 of foreign antigens without reJectlon ' : ' |

Further utilities of the present invention include improvements in the generation of polyclonal
antibodies (immune serum) and monoclonal antibodies in laboratory animals and obtaining the
desired isotype of antibody so generated. In one embodiment, a procedure for preparing
polyclonal (immune serum) and monoclonal antibodies against an antigen available only in

30 minute quantities can be performed by the device of the present invention. The device can be

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

e



13 spl.een cells can be harvested. This procedure offers an

| nprovenent over current tedious and unpr edi ct abl e net hod of
introducing the rare antigen directly into the spleen. Further t he
need for a b¥&¥P*Fhuni zation can be obuated by use of thédi élgg%‘g‘% t he
present invention, and, in addition, an imune response wll be-

gener at ed sﬂeénazeuyb@lﬂemwéstsd] orﬁxemdecmermfefmumpﬁﬁzeﬁxenﬁwer cuni¥hitediess axai mal s
will allowthe generati on of rmnocl onal antibodi es nore rapidly. In another

enbodi mentnpEdiaable megiodof ingroduging the st artigem distctly jage thesmisen.c Bwthisanerasthest ed
fromthe :

provi ded \g}méﬁhf&ea b?'uOSt [ v'?{%ieaﬁa%ﬁ%ﬂg}ég rbg%EeH%?e c%fﬁﬂe M%Im}@s&r &elzﬂﬂ‘geggblg%ﬂd
gener at e hruamllrtmmoaminhmmlresgnnsebun begenetpjed mpre gnickiyg A shtetenedtine rmhnzeqotpesen_t
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the polynmer matrix, subsequent storage of the cells, for exanple by

cryopr eserbjeavhitahle ah bt Birer: dayelafter inoplantatian, subsequentinafvestingof celisdrom thndevxw] i s
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cont ai ni ng;ea-ablhgmanmﬁﬂabdlbeagamtmuﬂexiiedmdngmi ntai ned for seven to ten days,
and subsequently the device or its contents renoved and the cells contained
therein cryopreserved. Follow ng radi ation therapy, the mammal can

have jphe cehirther @ilfRy bOHE QM JFHR PrEi@nt invention Q@ﬁj&’ollc}:‘,‘ﬁlﬁ'f&%ﬁmm@cgg Idogn 4 | |

reconstitute the i mune system |I'n another enbodi nent of this
utility, deammalfor lateom;ntmdmt@nsntg thermanemaly Celis crodemtmaered ifrorntbe devies, for

lif t d he d t
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can be usd&WOPESCTARHqn, and reiniRdurtion it thmemenal at alateg time. This qanske Eaﬂ'téﬁ“@alYand
t hen z6ei NtyseRlfe® thain™a®s undergoing whole-body radiation therapy. A device of the present

invention, without containing antigen, can be implanted and maintained for seven to ten days,

and 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 immune system. In another embodiment 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 provided with antigen



the mammal after, for exanple, a course of chenotherapy or other
therapeutic manipulation: In a still further enbodinent, cells”
collected froma device can be cryopreserved, and at a later tine be
exposed t o fWssoamdsigen (for exanple, a cancer antigen) fopc@xsywioiesr
propagation of T cells prior 5 to irfroduction into the body, for _
adopti ve i nmunot her apy.. oo In another utility of the present,

i nvent i orfan besed &yiagtivedmmugizatione whersingthegells ean be siprethand than reingipdugpedinto
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sti mul at G another utiliBAR r%&st’,ﬁtfinvention, the devidd\8andR \is&to Handflle il ERedlis Wit | on
can be manufactured by thods known to the skilled artisan, 15 and the
si ze and tishdevize sath doresy Jhe tansfeated [omyneesells can thempringeimmunsiceksradthin device, t o
function in t . nper .described herein. escri bed.above, .t he
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skin and,l ater renoval, if required, can be fashioned froma short
segment dPMBF Y, bi ol ogical I y-inert plastic tubing, such as
silicone tubing. The porous polyner matrix, i.e., a sponge-like material,
is fitted into the bore of the tubing. The open ends nay or my not

be seal edthe Acypnef thepressat inpmtige padieamany s yzgetl.lo kagrn forthe,skilizd afiets of
the jubi ngy ¥z 3hd ORPe b4 et BPBhg asiBARAG ARichleAbI&Tt foHndaBh fhat | Ons

are Wi thin the scope e invention. The antigen can be introduced in the
f orm of anapéndesaibedherein. As desgribed @bryieothe dévicenrovgdas asliffusiondratrisc fremill abl e

form of antigen, i hcorporation into.the. ' . '
manuf act d’?"éeg‘l’gels ﬁ“?l}/gsc@? 5%%%{”%0?%3‘1 }‘Pg? 'fhf’g,ewge?%de%%eg lﬁ‘é%&g#efg‘g%fa of the
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15 . The antitgen can_be proyvi d%f?x In the patrix_of tr]e evj ce
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bi ogyai | ghlieqfl Gt ThmBhe dells GRIArgdChch¥RbwRMni iRtoPnB QBr JTitRAKRick 2lth 6nd OF M Whi ch
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f or mul at ieorbodiment, prdevicelfss convenient insextion dit¢ @ smalkingigion in the skinapdlater eimavele, or
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Pr ef er ablsych 4s@licone tubing! TRe utoudqebmet nfatrxyiit. od ipofigeolike matereAds figed ifid themmune
response to the antigen, the formul ated .
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 within 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 incorporation into the matrix
during manufacture, or injection into the matrix, either through one end of the tubing or through

the wall of the tubing itself,
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antigen becones bioavailable within the matrix of the device about three

days after inplantation. Suitable release fornmul ati ons are known in
the art. | n anot her enbodi nent, a device can be pre&ar ed froma
pol yneri c maMA%®4##Berial in the desired 10 shape of thPGTIREPOHEY I ce,

and an inpervious coating applied to the surface. Perforation can be -

made subs . | : | ' rosity
and degr egﬂggﬁ iée){ caﬂ%&é@g | %ﬁ#ynraa%gﬁ?gﬁeé%? ru gﬂ%lrﬁfe{r eﬁ)g{ee{éél’ﬂrt %dtﬂ ghape of
t he devi cééjoazmaithbielve fultyHoayailablé formi ordtadan de proviied in a non-Ginavaijeble fanm, Whichher

cross-link the pglyner at.th urface of. the device.to effectively forman
por meab ISR, SRameE Bt ARE: opivgomuet PHBS SHSER IR FpOLy et provioes
per f or at edomfsliel HeleaB sugtaifed Rlease, bNddlBEUeEEhse LidedcaMsEsk iPQliMBRY éuéR bidRBss8Y
the surface of the device can also be effected by surface

ul t r a¥i ol @nd formylagians cap inclide mistognsapiuiation.ilipasomesy andnictospheras; Prefergbiidor The
| ! LA ! : il h
ki1 ed ar P of piulating W RitHASRE fetbnuhOERScho e Bigeh.Thd tolifpia®S | 10

wi th the ahtigerbenémerbéchvpilabjrewithie the matrix of the devidetaboutahree dayzpafteSinpiantdtion. -
devi ce carg be .sel. ected froma w de range of suitable naturally-occurring 20
t

or synt het%Eablg FRicss forgpations arefmowa I iigiatent . the pol ymer matrix can be a
bi ol ogical ly conpati ble material such as hydroxyl ated pol yvi nyl
acetate. Another matrix is polyurethane, which is widely avail abl e.

Qt her sui tlnphathergmbedinent, p devicaran de Mepamé fromranolaessicanairix oypteriphip the desired
pol yl.actic,aci ol ] l.d. . .actide:alycol kde gopol yner

col | algen, sg%gsog}lr e%r%L%%VYC%’ Md%“q‘g’gg?%’ggéﬁéh%}%"pgé‘? g’tt?{?l? aceZSﬁ eriorsion & %%Eef i bed
above, achh®ieistosequendy.f Atterhattbelyyt poliymer matsie of ap&taifepdrbsityland degrée 6ff Ccoati ng
ar ound .,the polyner matrix can be achi eved by, any nunber of neans.
In one entfEesiakRe °a§§§ Getrided gy the desired shape pf the device, andthen the gxigrerdreaied miith ¢ he

lumen of a,5B0tko AFGEERbss Ank MePoRFhéral th¥ saBIIPaF thD iSvid 18 SFEGively form an T UDI NY,

such as silicone tubing. I'n one €xanple, a 2.5-cmsegment of tubing with
i nt ernal impermeabldicoatinger cesftaier The enatinglsubsequentlyrcad be perfarated ind)the autigenas

fitt Wi t.h_a, cor rrespongi 2.5-. se nt_ of pre-wetted dr oxyl at ed
bol yny! BaSed, TEERRR bmen e AR a8 E SRR henile B it B iEC1cREY Rrlee

16 uleDAaslet e athidht ifan Mhek@iolkh lightsutabRiPobmiva isiisad. | Thetskamples pipvided
synthetic material, such ai g plastic ar . Qt her pol yper, _such as

pol yet hy| difEein gregetintendsdda be Smitinge s theshilledantisan mall be facile inrthe designof ar esi n,
pol yst yreryﬁita@gawi&eqvimgQformnwﬁéaé,ygpé&{egl i done, and conbi nati ons of these
materials. One commercially available material is SILASTIC silicone
t ubi ng from Dow Cor ni ng. These non- 5 limting exanples are sinply

S); errg In?r |y nl@]étﬁ%i{ﬂg ﬁ(_grgf)]r%(ia’ng%e aév.iéeac% be ge?mg%l'otn{ SRide't egfe %lf s&%ﬁletng&rally-occmﬁng
20 or synthetic compositions. In one embodiment, the polymer matrix can be a biologically
compatible material such as hydroxylated polyvinyl acetate. Another matrix is polyurethane,
which is widely available. Other suitable materials include ethylene/vinyl acetate copolymer,
polylactic acid, polyglycolic acid, polylactide-glycolide copolymer, collagen, cross-linked

collagen, and gelatin.

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

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



As a non-limting exanple of the preparation of a device of the present

I nvention, and in keeping with the aforenentioned desired
characteristics of the device which restricts the diffusion of

smal | nol ecywesqliggdm t he device but permts the ingress ampgdragssagrof

I mmune cells, a device can 10 be prelfared manually as follows. A 1.125
inch length of silicone tubing of an outer dianeter of 0. 047 inches

and a radoatingsen e prdsof sfuHatlanatwallyreesyrming or REnthetis aalarish SUhAs RRIA5EF Of t he
devi ce ofg _ d with
i ) A L T
produces poblstysensf acapisresin, lpabminylpyl‘rglﬁiloap.dnéb@ﬁbmﬁmamf theds materials. One

di amet er. Twent.y. hol Were n Thes ar.a rs_serve
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cel | ul ar HrepgRtdB¥ention. and egress but to restrict and confine the

di ffusion of small nol ecul es, such as cytokines, within t he devi ce.
A bi odegr adabl e device of the present invention can conprise a matrix and
cont ai nerAsd norrlimiting kxaniile of th& preparation of hdewise afalp mmnt/ﬁlvdliunn,tahé irbkedlping Such

terials jncl |.at
ol y1 ot eithge aloresmuipae dested shygamsges ot dye Phichrereien P GBREROS s known
to the  smajl melédulds BdnAht B6ad buﬂ%ﬂﬁuts memﬁgeése ’éﬁd?ékrésﬁ bf inrkiredeny, adshitecadevi ce

for stimulating the i mmune resp nprise a bi odegradable

contldi nerbe naepbtedd@gmdb'aa@lf@llqvﬁt P°+ 1( IZSameh lgngth @ﬂ@b@&q Hbing of @8 opigediameter of
rel ease f(P Wn te§ 24 O&%@Q%@%S c%gg eWa%OU { H%ﬁoﬁ@é Eﬂzaﬁler g{l@r h&;ut,eeorf

formul ati on ‘rel'eases gen a ays a
i mpl ant atth@presénbinvemion Kokes dard Heannma!ﬂ;apm:ehedb)agl a2( gauge km:oﬂemmmdegtle

bi odegrade after the useful life o eV| ce, o] af t er
1ol ant atihoRE the wall of the dpige, Nt PO TS Af S RBRE G R S B8P e nay
be i ntrodyapthelY. @R¥nt9hoRs wa@‘@ﬁﬁchea in the tubing. MREBPASmMeicietdiony ABRuARL and

autonmat ed procedures.” A smal | nunber of perforations are opti mal ,

pr ef1ér ablty ﬂm«wmgtemcpefthe mqwdearskdkedmwhyl,ll b amaes RS 19then paramptens Whishend
somewhat ILces AN t he
somewhat o sfieve it Bifnc'd e%tx@érl%\s/ 3030 fovd, b ASviad drARRUARDAE Mk

17 - andagtessebut tchestnctlaad otﬁnmhehqlﬁfﬁﬁsimmﬁsmaﬂ miokecules, geshras cytekinesy withini mune
system ceh .nto the device whi ch then come in contact with the
anti gen 89T st i nul atory nolecul es to becone prined, = and then to
permt egress of the primed cells. These objectives nust be achieved while
at the sane tinme the perforated device nust contain and nmaintain the
desired |Abisdegradablesvigeof ¢je aresgnd inyention can eamprise amgiix and compigeraf spptegigls

cyt %' neskn% %‘&‘8@ ap&é aﬁgw% Skﬁéﬂ ﬁﬁklfa?s Wi 55 lekl cdillgé'én ss-linked A
sui t'abl e nu er an per or tlons W e ese needs, as

i |1 ustratmilagen, pdlﬁamcamdl mﬂylactlde-glycbbde(mpolymem hmiothemmls/lmewa tathe device

ot b operilisaaiads T s pisre by viiBoaragibleiblite R b Flaine e iphifpsishonit” °°
i nt r oduct f@fcdpride a biodegradable container, a biodegradable matrix, and a biodegradable, delayed

release formulation of antigen contained within the matrix. The latter formulation releases the

25 antigen at about three days after implantation; the matrix and the container begin to significantly
biodegrade after the useful life of the device, about 10 days after implantation.

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

30 the size and shape of the device. In accordance with the theoretical considerations provided
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needl e or other neans for | oading antigen, either prior to inplantation or
subsequent to 10 I mpl ant ati on. The device can be inplanted at a
suitable site on the body where ease of insertion, antigen di ng,
and rermoval WE3cconplished with ninjmal disconfort to l?(ﬁréusﬁ%{?#gﬁt. One
sui tabl e site is the nedial surface of the upper arm In another
enmbodi NeNtabovellthe d6I¥ bE e perforatilds & to permit entlfiof dRGLASSBleth d¥HE Bitd theHevitd1SOf ar

as the device will degrade after its useful life and not need to be 15
removed. Which then comgyin sentagh withithgandigen spdierstimalatesy swlecples in becomeramedt | gen
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devi ce abquiuitable@@mbaysnd dizt 6f pdrfopdtiané @il RRievéNhe@ neadQby illhiif0a ifl Meexadples
sufficient nunber and types of cells able to respond to the presence of

anti gen arbelow. daéhpingtanch where the device dsnrepaass; fran a seamegt of tubing.dieends of the

t oki - sti oyl
CYLK 15 e 1 A ST RO B R orn,
af f or ded lneedler other means foe Idading hetizen neithed priok to iapdantdtien stifibesyuenttto

i ntroduction of antigen into the device initiates the 25 devel opnment of
an opfi nalmpPRH#EERr esponse. The device, if not constructed of
bi odegradabl e materi als as descri bed above, can be renoved by a

sinpl e surgical procedure after it has achieved its desired function.
Gener al | y, Thefdevice ednchetimplanted at a suitable yite ont thebedyrwheze ¢epot Of ipsaptidna aatigen has

egressed fromthe, device and if is.no longer nctional . LLhe
other - handoRies SL{FeYE et b adcbrmp P eyl Aenal SREREAR e plicnt Qg sithile
order to hitesdthé hrdialdifae: oTthe uppEAiO 6 &nother embodiment, the device is made of
18 As descri bed above, to achieve the desired stimulation or

suppr essi driodseradphle materiale, ipsodasam the device will degrpde afteritygiseful lifs and not need to be

bi oavgi | abjelnbbeg of the antigen within the matrix of the device is

i mportant, and Is dependent on the characteristics of the particular
antigen. In general, a large concentration of fully bioavail abl e

antigen present at the tinme of implantation.wll have th f.fect, of )
Uppress) M Stmuiafing o YRS TRRUISE RGN AL AREH PRORE PRIBOYATR Ciredieg it thy
smal | anmougthe 6f inipintz4i6h of pttieably afterwardiipafichiirathetim@us plcburaity sttyibthadet er

i npl antation of the device wil], haye the effect_ of stinulating t he

i mune r es$yhaiker implantations fynen-bigavaiaBle fmylationsef aptigovith deltved &slease from t he
utility of - i [ ' Wg; : LS4 t he
par i cul arSneicasics may bEHESH Bthe AR UBERR LIPS AOLER I el

wi || e abinte thomagixed thetdewice abnuhthagerdays afier fiplariationa Atfier abhosif thagetdagsa, by

standard i shfficient number and types of cells able to respond to the presence of antigen are present within

the device, along with levels of cytokines 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 subsequent introduction of antigen into the device initiates the

25 development of an optimal immune response.

The device, if not constructed of biodegradable materials as described above, can be removed by
a simple surgical procedure after it has achieved its desired function. Generally, after about 10

days, the immune cell population has egressed from the device and it is no longer functional. On
the other hand, the device can be refilled with antigen at a later date in order to boost the immune

30 response.



10 vitro or in vivo nethods, and determ ne the appropriate concentration
of antigen to achieve the desired effect. The met hod of use
of the device of the present invention for enhancing or stinulating the

| mune respgpgsydessan antigen is intended to yield a popul @itiygefdsss mune
cells, T and B | ynphocytes, that 1 ll nount an effective inmune
response against the antigen used in the 15 devi ce. It is
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di abetic patients to insulin or GAD, and nyasthenia gravis, in

pati ents desiredeffect| eri zed to avoi d an i nmune response agal nst t he
acetyl choline receptor. Furthernore, the inmune response whi ch
characterizes allergies and allergic reactions can be treated by tolerizing
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8@}3@5‘ 4t Jvﬁ'l ROUNP hePStfectiViSimintiie %p&ﬁ@ Hé’cﬁ'ﬁs?th'e Bftiget Gsddf et

;:O

aI | er gy aII rgen DERP-1, and poison I vy/ oak al |l ergi es caused by
urushd ol - dewieti f i ed pepti des. The fol l'owi ng exanpl es are presented
in order to nore fully illustrate the preferred enbodi nents of the

i nvention. They should in no way be construed, however, as limting the
broad scopds sfotter objedtive of the resénd invention to down regulate the jmmune response against a
EXAVPLE 1speciﬁc antigen using the aforementioned method and device. By incorporating high doses of an
antigen in the device, immune cells entering the device and encountering the antigen may be
induced to undergo apoptosis. Conditions such as graft and transplant rejection may be
20 preventable or treatable if the recipient, prior to of after transplant, is provided a device of the
present invention containing donor antigen. General conditions that are amenable to a down-
regulation of the immune response include: transplantation, in which it is desirable to tolerize the
recipient with donor blood cells to down regulate the immune response of the recipient to the
donor’s graft; autoimmune diseases, in which tolerization to autoantigens is desirable to down
25 regulate pathogenic T cells and ameliorate the formation of immune complexes with endogenous
antigens, such as collagen in rheumatoid arthritis; diabetes, in which it is desirable to tolerize
diabetic patients to insulin or GAD; and myasthenia gravis, in which patients can be tolerized to
avoid an immune response against the acetylcholine receptor. Furthermore, the immune response
which characterizes allergies and allergic reactions can be treated by tolerizing or desensitizing
30 the patient to the allergen by inducing apoptosis in the immune cells responsible for the immune

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

[0



An exanpl e of the device of the present invention was prepared using a
2.5-cmlength of silicone tubing wwth an internal dianmeter of 0.15
cmand outer dianeter of 0.2 cm fitted with 2.5 cm | ong segnent of
hydr oxyl at ed WbI%#383y| acet ate sponge. The device was i mmerZSdUsop04837
cont ai ner 10 cont ai ni ng phosphat e-buff'ered sal i ne and autocl aved f of
sterilizat; . BALE, 1 . B i zed
with Aver tl}lﬁ&tqﬁﬁh&ece Wangmlmﬁggsip 'E) lgs(?%t1 l?dgu%%caa 0. %’{gh@ 3‘%&8’ ?,rb?lﬁtpt}f%&ﬁ

m dl i ne i nigy/ealoailergiestaysed by mushiolrancedifiedeieptideS80 [err]l of 1 ng/m influenza
antigen (FLUSH ELD i nfluenza virus vaccine, trivalent, Types A & B;
obtai ned from Henry Schein[err], Melville NY) was i ntroduced into

t he devi CeTiyfoléWing eR@sples ai@prastntet i brdetoty nid?e Rillly iiMbtrate yeRERIrEd Embriadéms 15,
t hrough the skin near the_ inplanted device and then quiding by feel the
needl e i nt@f thhiavenignoTheyrshould in no waphg gamstrued, however, plimibing thabserdaeopecot
need| g, flﬂég‘v\gﬁ%naspi rated fromthe inplanted devices fromeach of five
ani mal’s on S 2, 4, 7, and 9 post-inplantation, and then cells in the

fluids were conbi ned, 20 washed, and counted. As shown in Figure 1, in
animals inplanted with devices not prQy] wi th antigen, the cel
popul ati on began to rise on day 4 andﬁéggﬁggion day 7. By day 9, the
decreasi ng nunber of cells in the device indicates that cells that had

m grated into the device were mgrating out of the device and into

t he peri phangxamyieof the fievicernf thepresenfanvention weasirepares using a 2.5-cidengtlvoixsilicone day
2 post-inp]antat.i.on,. th f | ent in e_dgyi ce..on.day, 4
bonts " o5 BB prbli JAARE or8 1S A U BiBlorck Dol 2 B BMLE GRS SIotly
60, 000 cel $egmefit sidyirorglated pblgvihyl acetate sporgs! ThedevicERss immBRedinasntied f
antigen within the device augpented the yecruitnent of cells int

the d¥vi cecomtaining Phosphalesbufiered saimg and aptogliavest fop gpmlizatipn. eﬂiﬂi%%&%@ (6-8

EXAMPLE 2 weeks gld) were anesthetized with Avertin. The device was inserted through a 0.5-cm dors%} 20
The nunbers and phenotypes of cells present in the device w thout added

ant i gen wemidline incisionat dayrti Inedmieaninialss 5@ upefili mp/ntl infivenzagmidgén{FE USHEEL D@t
four days t-inplantatiqn of devi ) . ) scrd bed.i 1,
the cells PRBFPRTER BroPhIR SmiPe haf B dugipse fin oRRe e MolRiE0R
COﬂbLHEd, wasinaddhaiad ;lrﬂkb tliededcr:]é ﬁi&y&@b@ﬁi&?pldgﬂ%ﬁﬁg,byﬁh&ﬁmgmﬁﬁpl I i Bdermil;: ngedle

i sot hi ocyanat e- or phycoerythrin- 5 abel ed nonogl onal _anti bodi es
speci 13 ¢ t 8oy theskmsienthe waplpripd dqvicesnd thepguidmg Dy gecl s neeqlp mto one end oftheq
CD1 Ic, CD§Qs;ceCDB86, CD62P, CD62E, CD3, and |-Ad) were added, and after

i ncubati on for 30-45 mnutes at 4[err]C, the cells were washed and
t he geonetric neans of the fluorescence determ ned by fl ow

cytonetry. . For GO rison, ..the. fluares e of . i pheral hl ood

Yrmhocyt Vo8 IRGTRR e Afid vt SRREGH e B iBPleni 86 ftes B n et ive

ant i bodi es anifiilskd days Zi@{ Brafi 0 Ost-impHniation, a6d theh Sells @i iR TRMIsartrd Edehined,
expressed as the percent increase_jn f|luorescence of . . the cells from
the dé¥i ce“gthed andcpumied. a5 shawa inpFignreh dn ajmals guplented with devices not provided

with antigen, the cell population began to rise on day 4 and peaked on day 7. By day 9, the

decreasing number of cells in the device indicates that cells that had migrated into the device
were migrating out of the device and into the periphery. When influenza antigen was added to
the device on day 2 post-implantation, the number of cells present in the device on day 4 post-
25 implantation was several-fold higher, 225,000, as compared to 60,000 cells in devices without
antigen. Thus, the presence of antigen within the device augmented the recruitment of cells into

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

EXAMPLE 2



Figure 2 presents the phenotype of cells extracted fromdevice 4 days
post-insertion. Mgration and accurul ation of T cells (CD3, CD40),
macr ophages (CD14, CD1 1b, class Il MHC, CD80), dendritic cells
(CD40, CDllgvodslsasys || MHC, CD80) and B cells (d ass || MdgrushMdass220, 15
CD1 1b) in high densi ty wer e evi dent in2%he device.

EXAMPLE 3 changes In the cell, popul ation vm' thin the device
descri bedTl?erF“Eﬁ’&WPQP]ie"BWFS‘{ ticgils Riggent in the dee’é?/&?'-g%{’(‘ €ing cells

from the glesinffdM mild¥Periinent, msﬁﬁ@ﬂgﬁ/@frﬁc‘%r At MWS%EQH&&QQBHH § bdvide

experinment, no antigen was provided within the dévice I's aspirated from
devi ces iasple mbedimzlixamr’lel In theicplds fvmg eachtof ﬁa@mmmemsmate(bﬁ‘@n&mdwmw and

t he densi
a5ty bagpted Fasiia BERLAG o tevdifiubes, Fiuoresctfibum(ifiue P pplberythrin
procadur elammhommnannﬁumﬂaslspeczﬁc texhpr foH®wing miatkersal MRS CRelSB220,aTD1 ibCr ease

Shons B Ay 7080, EndR RY AT CHSEE S af b e afdedagng aficr incubsfen 0
post 25  for 3RS Al P8, fHRIceld dvergwaﬁfea %ind B8 gecﬁﬁeme&fs of i fﬁgéekctehaéaoe in

the device was apparent at days 3 , and by day
popul at i oletdmaihediby ﬂawadtometryofonmmpdreemdée ﬂuorescence of peripheral blood
EXAMPLE econd experi ment i ke the

| i
Shover i ymaleyies Som i HaBeRie TR Mo e e b of Seoit® aftifilesvas ' oy )
post ol er' defriried) rhnd'ﬁ& ﬁéiﬂﬂ&brleﬁbhanﬁw@' edpreiso@ askBB pérbent Rcrelsetialfhsresdelcadtt | gen

presentin cells was further augnented by the presence
- of anti gdherd Stfwelﬂledewceqywe@fpm%blp%}ym@wesm ted in persistence
of these three cell types at day 10. The addition 5 of antigen may have

retarded the departure of the inmmune cells fromthe device.
EXANMPLE SFigure 2 presentEitiee phiesdtygpe ofcéleixtradted fiph dewickt4 days pést-insertidaeyv Migratiorovi ded

expr essi iaaF e ar Begts(Co0 {3403 maitaphages RIATD iy Pase ML Aol
Met hods &&n&@t&fd’ellb@ﬂ)ﬂbm 10y@es fIVHOoYeDs0)and Bl deits (Class Nl MBIt 0Dl4g 220 0ET €

determ ned 1){)
15 ) in hlgh density were evident in the device.

EXAMPLE 3

The changes in the cell population within the device described in Example 1 over time was
evaluated by harvesting cells from the device at days 3, 7, and 10 after implantation. In the first
experiment, no antigen was provided within the device. Cells aspirated from devices implanted

20 in five mice at each time point were combined, and the density of cells bearing CD3, CD8,
CD80, CD44, CD11c, CD45R/B220, and CD14 markers were determined following the same |
procedure described in Example 2, expressing the values as percent increase over peripheral

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

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

EXAMPLE 4
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10 nmet hod of Exanple 2. The devices were provided with 0, 5 10 or 50
[err]g influenza vaccine 2 days post-inplantation, and spl eens
har vest ed fr&gg@ anl mal s 10 days post-immunization (12 ﬁf,
post - i mpl ant ﬁ% Spleen cells were i 99l ated by gently teaS| ng t

spl eens between the rough sides of glass slides. The cells weré&
washed W Gha %&Meﬁmﬁtbémdaxmlyl like therabovks piflatwea antigen waslpyovidedi withirethe

15° " et PV AR PP YT Ay e SRR e BaoD Sl B Tar o

convent i ORgalsenti %@B{&é{t@s CDS80 or cmm&ma%&a% thésredeftd &‘Vﬂﬁﬂgdnrin‘ﬁﬁ' ch

mce were 1 njected with the sane anount of I nfl'uenza antigen in the
f oot pad, tlggea, md furhermory, pesulies in pensistepeerefshesa Airesragh! Svnem atedspitl Qi Aheggddition

t t MPLA
_T_DDIr\‘/;)pPOSp I“%&g? r@‘l@{hﬁﬁ“&‘%ﬁ mno@ﬂ é:gié%ﬁr% WA%QJC@C&’]%FN m+Ce

were al so bled 10 days after | mruni zati on. As shown in
Figure 5, T cells derived from spleen.cells of mce inplanted with the
devi ce exhi bited increased dgﬁéW%? CD4 and CD8 nol ecul es
followi ng | oading of the device with i nfl uenza antigen. The |evels
of cytotoxic T cells (CD8) in the spleens fromanimls inmunized b

y
convent i ok dist kffets oﬁ\impﬂar&tiotl ef th]s devier prgwidedovills influpnrs antigonaes evaliated snt  t o

ot | on s daee ip REP RSPt ot ST e By 08 ¥ufchs Srint B SHERS ..

expansi on Méthéde%s aedctibed dbo'tié'l@eré B IRMRd, #A8 tike T-88LpHenStpdsheers éérhdied by the
i nfl amrmati on i nduced y the device. It Is noteworthy that in

ani mdPs i rmatead ofExample 2 dpp ée‘gcqgfwermowie%m 0 5B At PQug influenza vagging 4 ded

th 50 t {: d
W th ad) i e el o il 88 et bR AR AP G, il 10 BRSOG40 A0S
expr essi ordayspdshimplaitaion). Spleenexid waeraﬁsotaltedllﬂ gafitly teasiniprthe sleans betiveeari thoen of a

Do 99 Sl a0l s BB G B AR B o e

have pr ocagtedidufes inchBaRh idREUEE Bysis Buffer (ﬁ%ﬁ.@p tCshd €58 Ahétedcesdévias\Was
elimnation of the entire CD4+CD8+ T cells from spleen of the

treatiéd nidetermipsd By Ay cyiomiely a% deseribed aboje. ds m&@old@mvw@aﬁlaﬁtmqrdof t he
del ot or 1 ouiezatidh protocol el BHARATE whidn kI il B GESBATEEor |
i ncreased mflthem.a amgyn bf the footpad,Zegsthen withiRilg atijveand R/700 anémilsion poregsieing

a7 Lves. atmONBORHT Tgin Ak ket Kool ioryim PR AR TR on 01 ¢ e

antigen atmammmr&iwnibl FhrhhoChefiERE¥eard)nc! €oftrdlidibe Were@lsy DlIkdi 10 days after t he
i mmuni zation. Thus, the optinmal dose for inmunization using the device of

t he pﬁﬂesemﬁmumzatmnl nvention for evoking a positive inmune response is
expected to be substantially lower (i.e., 10 several |logs |lower) than
the dose utilized in conventional inmunization.

As shown in Figure 5, T cells derived from spleen cells of mice implanted with the device

exhibited increased density of CD4 and CD8 molecules following loading of the device with

influenza antigen. The levels of cytotoxic T cells (CD8) in the spleens from animals immunized
by conventional methods with 50 pg antigen plus adjuvant was equivalent to that induced by 10

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

30 that administration of 2 high dose of antigen into the device resulted in apoptosis of antigen-



EXAMPLE 6 The strength of the innmmune response to influenza antigen
provided in the device of the present i nvention was eval uated using
secretion of gamma-interferon by spleen T cells as a marker.

Gamma- i nt erf\ebgm@gcr etion is one of the principal attribubesusbodsliil-type
and CD8 cytotoxic T 1 cel | responsezzknown to be the protective arm
agai nst int racel | ul ar Zﬂ?&! ens a d cance e inplanted with

devi ces d&RseHicsels. aFdW@ FPXF@P‘? Y 8"‘?“131*‘“{5‘8’&'2 a*ati a‘ﬁYﬁ Ht%ceﬁg‘% tpiggeRils 3

days effed? 83d itd LHalr8Rit3Has ‘él"rmnﬂ"@n ST dnike @D%M cEIETROR gfténioR tehe
footpad with 50 [err]g antigen plus R bi adj uvant. Ten days

post - i mmmeztatmmq prlheeaipptseauos infe desired Hewreregulationpfitheinguungiresponsemmnpl e,
pl at ed, and e uy e. SA kit
(Endogen) 1’5”%1 'élan‘ £p%ﬁéévtn£?‘ﬁ&5 gé q'ﬂgéﬁ?l geﬁecgbéé/el s (1.4 to-
180 [err]g/m). Flgure 6 shows that I muni zation of the animals
with 5 [err]g anti,gen in.a devjcg of the Eresen i.nvention produced

the shne ﬂawfpl%@ﬂqn fog the iggrgas tﬂ?ﬂcpspga’er wnjzatign ysing the deyips,of theprasentit i on,
with n%’?{]lg edrtotabaat saetaaqm fiitSen ﬁaﬁécﬁﬁﬂ%aﬂﬂ%%él?ﬁﬁﬁ’ﬂé&sﬁﬁ” be
achi eved mnt e use of adj uvant using the device of the present
i nvent i on an amichalollowingsjeption pé&ntantygesn’eapmphemtmtnts mwdny16gs lessahatnuggmen in

The ganma-interferon cr ion fromT-cells.derived fromth i teal
(yrmph noa e Hetypizesen. i e il & foriEmpdie i o o MV BERBRBSBNC e o

t he i sol atfentionaBt voking aq,oawe inBfiune 263 ?aasets XPEt&ian be substantiiRNEWALT.&f | Ons.

As shown in Flgure 7, the gamma-interferon secretion by T cells fr om

ani mi® s  several Jogs lower) thar thﬁﬁ?ﬁeﬂébz%l! seoxertiogalimyiupizatieli uvant in the foot.
pad was not as robust as that produced from splenic T-cells from
animal s i muni zed using the device of the present invention (conpare to
Figure 6). As the popliteal |ynph noElAMRLE & hose which drain the footpad
area and thus expected to be primed by the presence of antigen, this
result further shows the efficacy with which the 5 devi ce of the present

i nvent i on TaakrdA@thtTekk ildnuRe BpdRe fb inMkEd antiFBRIROvideERAINSEvIve P B prdsbift
need for adjuvant. In a further evaluation, the cell popul ation remaining

in a devi dventanasgvalagpd using secreipnyf; uEMAGRtErCIPR PbW&tT %Q?as:ﬁmﬁierdays
after i W'@Hﬁx@iﬁf&?fe%ﬁ%e&&%ﬁé&@ off‘tHe PIRBPR attRb&ES G 19M-type and CIREGERSHOD | N

response to exposure to antigen. Figure 8 shows that a very |low | evel of
gamras cell resporiseskneworto bsthg emmtxmnragmestpmdhﬂ@ pathogems wnd ¢apcarhMitenge

th fl ded
W th spl ot delicbfBaed Bibok Sad S e g ber g ARARE A BT O°
by intra- @estmplahmmlmtcb@mmpataedmﬁwhmtmtﬁeefoapamﬁmmagmdgyn fRis Riien
the aspi rate was _t aken fromthe d VI ce) TP)fﬁé of the effector

popul at i oAdHERNL.GEE) e Bost-BRgPRigation, spiegn Se yapsreige as igthe previous example, i ¢
the B andg; lpEteq%dd @Hﬁ&%tea%mtl ggdﬁh&?o‘ﬁ' héda¥d B &b FANYA KR (EAURELY MMePd t he

possi bili hei r ress to the peripheral organs.
20 sttmulatton 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 from T-cells derived from the popliteal lymph nodes from the
same animals was evaluated, after exposure of the isolated T cells to a similar range of antigen

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

rm-



15 ) ' EXAMPLE 7 In a
further experinent ainmed at exam ning specifically the strength of the

| mmune response to the antigen induced by the device of the present
i nvention, fBIO%#NY inpl antation and | opdi ng ~ the dRATEERPEN
antigen, a spleen cell proliferation assay was perforned. The sane protocol
as iR BRalZP R5th laftided PIIRTaBiGVE Sn €18 F6GR paSwiEot hPlobRWaS hatTiedRed 8RN | N
this experinment was 20 oval bum n; devi ces were provided with various

anount s ofsplswig/Theals fromeanimnale imunzeioisig theydeiye of the present drveption (€empare ko
il e . e o ¢
ant 1 gen, g BTAY B8 Bogiicat ARG ERbINIS iy RESHAE s W lipbbpcpted |

the ni ce webepmedbyitz@eesened of attigenlthie rsulnaiiher showy th.efffcacy with which the
proliferatjon agsay was , set ., up i% 96-.wel | ‘E)Flates. Two hundred thousand

spl eefl celde¥iop gt thgresens iventiqeaan be YisGprofire LABOYSLIIN S TPSPARTS WERU B 72
hours at 3geffor 3%119?!?:[ 10l frth&RGal8RR, MO 881 pufahsh Rilkining in a devicBfalingtebts
antigen was used.” After exposure to antigen or control, the cells were

pul sed f orprévided with antigewatgiayi3) 0 &ass efigriinglantetiomwas dssrseadfor ganinmingdrferabel-
was neasured and. expressed as a.sti.mul at.i on | ndex.

24 sefefiof B TEPORRS 2 SRS 1 AR 2‘%’?‘&? &5pomws that %%‘TT%EP“E feeel ot frpma-
provi ded Vintelfefonad seofeted ifi £8pUnis€td dnin vitro challeigé Witk Hifluaikiaiag@FenSh e6hpdrizos B €en
cell proliferative response. A response was detected in aninmals

i muni®zed e tavelod respopss secprded yith aplees celliqt Thjeresultipnlien thatibe sffeciereelispriracd
I muni zed jhy: . ‘ﬁﬂﬁﬁff’z{! ] ' '

proliferati vlgﬁ?'(eigvpl%enlse on %b%?l at?%&@%?%g‘éﬂt%%nﬁaggk%w&%tﬁ% Sagﬁgat@was taken
concent r at frarn theMegice)ghdnt ef the efitcdorglopulationwastdeplatet oOFigares 1 ahd 8 dpsittdoss-oBar r
virus) antigen, at.a .not._shown). i.ndi cat e t t he evoked i ne
response tBUBVARLRES ﬁ“‘{/\ggel AP YPE BUR| Y‘f:e.dby y9 ang%ﬁf?“ﬁ"‘f"ﬂ?h’r?é’i”%@rqfnent
usi ng oval {aeikgte@So Helpeptital Btgags, Wer € i rmuni zed ei ther using the device

of the present invention or by footpad, with 50 [err]g, 50 ng, or 50 pg
oval bum n, either alone in the device, with BCG adjuvant in the
devicg, or via footpad with Ri bi adj%ﬁ%@ﬁ’ e BCG (Bacille 10 Cal nette
Guerin) adjuvant used in these experinents, TheraCys(R), is a freeze-dried
suspensi on of an attenuated strain of Mycobacterium bovis, prepared

by Connaught lLaboratories Ligited for . treatnent .of .carcinoma in situ
of Chear s RBR RpRpont el ) et secifialy Si MR n o g dmtugt fegporse 1

wer e har Ve aftig Gndis QDS Ale HEidIT IR FeseARALI 618 FOIRMENSimpAdHitit B8 And ﬂo;adin%o 180
[err]g/m) or to the sane range of a control antigen, Epstein-Barr

virus, in tedeyce with antigen, aEplesw pell nrelifrtipassast Wes Reefprmaed; he sampprotqgel ased
‘é“h 3FF UYLk ddSn R prélidtd hainp 8 Was'BifowddC ShE Rieitleh Bl tnRlexh@fifidnt G4PT eSS as

20 ovalbumin; devices were provided with various amounts of ovalbumin ranging from 10 pg to 50

ng; control animals were immunized by footpad injection with the same amount of antigen, plus
Ribi adjuvant.

Ten days post-implantation, the mice were euthanized and the spleens were removed. A
proliferation 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 virus 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.



Stinmulation Index and used as a neasure of T cell stinulation and
proliferation. Figure 10 shows that a robust antigen-specific
T-cell response froml|ow doses of antigen can be achi eved using the
devi ce of tRgopwfasant invention. Negligible |evels of stimdraisogesyer e
detected after spleen cells were expose# to the control antigen, indicating
further that the 20  response was specific to the inmunogen.. ]
EXAVPLE gFigure 9 shows thab inynizatian ehwicefisiag fisderseiprovidepwith evalbanin sesultpdingp 120
pepti de ( ' 1n2 ﬁﬁz‘i" ega@@giﬁf I ' .assessed
after |oa%‘?’§{§*q\l‘f‘§‘?%fﬁ|js§3‘v’ 0 éesenfﬂ%%mﬁe devi cggo@sﬂ%@éwg&t%éggﬁﬁﬁ

i nvent i onimnBAtiZaHovithi as dowvay picdgramsizetgeni t Spleenyveilhfrot enreds ioenmumized by f oot pad,

wth Rbi 25 . adjuvant. wth various do of HV peptide. 00d. was

col | ect ed°°i‘6°’{§189§ "!I‘%lfqadﬁ\‘/‘/vi“h@djwm\{pmdf‘?‘ﬁ%ﬁr?@&?’ia%‘fﬁm?ﬁﬂgﬁx %gd?/ l?b‘?glsg‘fg\‘\‘g’bai nst
the pept i gfig¥sond@inatis. NesklighflevelofSstinalation tolddfitrol (Epstein-Bair @) aBEd
boosted w tﬁ 10% of the amount of the initial imunogen, and a second bl eed

was (datg@pt showndiindigate thpt the gy eked igmupreenonsaiarvbumin washighbispeeifie.or .
25 An ELI SA was used to neasure antigen-specific subclass | g&Ra
anti body, and was conduct ed according to a routine procedure.

Briefly, Hiafinhdriegperiment wsinginbumiradsadtigdn] fick lnereintolgized eithey hisihg the device i n
phosphat e- buf fered, saljne, for 16 hrs_at err The pl ates_ were washed
D0 P T+ e prgsenbiavention of b, BeIBeI S (i 30 B oF SO P vl GILR AT e

bl ocki ng ffckewitk ﬁ&@%ﬁv&ﬁlwliﬂeqeviée, @r %ﬂ(x&mm&mﬁugio agmah@ TREBCAIBaéR- 7- 4)

at 4[err]C for 16 hrs. The plates are washed and .1 of serum sanples are
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20 response was specific to the immunogen.

EXAMPLE 8

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

performed 10 days later for determination of antibody titer.
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anti body response was generated in aninmals inmunized conventional ly, but

the animals initially 20 ° | mmuni zed using the device of the present

i nvention and then boosted (with 10% of the ori ginal dose

admi ni st er edWR9H#58 t he devi ce) showed ipcreased | gRa | evAlTERYGHT || a
significantly nore robust response at the |lower antigen |level s
(Figure 120, dt sure antigen-specific subclass G2a antibod was doft @Ml 9
The effect 0 gﬁ“?aesruesgt ° ?auvant sg vvasg eval uat edgon t he ryésu?tl ng | nmune

responses agenrding teeairofine protﬁadwm iBrmﬂw migtotiten plsies werdvatéd withgheéntighe (Ip gésl®nt

oo wer o 1 ARORPIBA- TR Th Bt g | CIREH 451 S ey rerepisab 0 mhf Tgopiod % ©

H'V gpl20 'mxahlzden PBS, ﬁﬂﬂiﬂ-ﬂﬂ)ﬁﬂdEluaceﬂ)ﬁ&ﬁﬁmld%)un%ﬁmﬂ&r@%ls&d@61&ﬁoﬁ3+ bhes Twbane

or with R bi or o ts, as described above. The devi ce was
provi ded \&0dn PBMI% ag}e%4)ta|ﬁf*é“ef°a é%rSaﬁbeplates are washqdand 109 dof Wméﬁﬂplﬁﬁ%erody
titers werg gdﬁ’cﬁ 'fErﬂ{e a
ant i body sgem [ c %l%@%a%& ap 6882%![1? ant [ gkegilihvf/%dsa\qIF;IeE_rh %ﬁrﬁ‘rﬁeg bfrllg?)ed

i n the prianetested in duplieatarfullewing 1 hr of 1ncubat10n at room temperature, the plates are washed

ow | evel H5AOMEgPRAEYaEA pitamode 3624 ot syl ke Rty eibpelis. ** °

| muni zat 'FUT'IOW hé\ﬁ' %cq&lﬂoﬁ andéxtédiRe Wa§1§e‘§ raé aboRY, e&&meﬂdmohﬁg&ted horseradlsh

adj uvant (50 produced a mar ked hi gh I'evel of peptide-specific
| gRa0 Thepe @idﬂuted to 1 4@09 in blesking buider, w@dﬁdﬁ%@eé\reﬁlheFolmnln@&mmlr(umsb| or
BCG prod mﬁ

adj uvant ﬁg&g)ﬁ&a'i read'??ePr r%ﬁ‘gea gtgﬁél’i%:ﬁse‘? lr(r)lqllﬁvggir%i‘st% s |n epre (s)fhon of

t he i mmuneplitesge nﬁ:ebatédfotmlmﬁmeasbmmﬁgwum lmelofIEN H, 804 stopy the feattont [The
additive effect or syner uvant and antigen, inmmunization
prot ocol s RIpiEIATE r43d “F‘B%F&F‘Aa? Ia;e&ggﬁierrabwg PO PRan f ent ogr am
doses) of antigen as well as | ower concentratlons of adjuvants.

Simlar results were obtained when a 15-nmer peptide of the Herpes Sinplex
vi r ustsgl y cliigarst i sho®s the level ¢fisperifin anti-HB/781089 peptidslgGRindidicates thas Salloving
EXAVPLE 10, & b3 hrelPin SO fofl iR | TTURE

response i'n resen esent

i nvent i on, anfiBbdy/ (IgGRa)ds Eﬁtﬂited Iwmfmﬁmfbswnsélwﬁhaalﬂcnasbwmmﬁge Yn!bltlfad immunization

r I r h f hr nt r ol
\F/) a?:/ :) 8 g d d gg@gv?rglg atoﬁgve%%xgnal ¥)¥0¥0C0fl %roilgvldlsng%cg&%d ?mmﬁxltzac.)tfon (8oost) in thésfogtgadt at? >

antibody response was generated in animals immunized conventionally, but the animals initially

dla%le HmBumLan’ﬁl 1

20 immunized using the device of the present invention and then boosted (with 10% of the original
dose administered within the device) showed increased IgG2a levels and still a significantly more

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

EXAMPLE 9

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

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

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



15 sanme antigen were adm nistered via footpad in conbination with R bi
adj uvant. Ten days post . i npl antation or ten days post footpad °

i nocul ation, the animals were bled and an ELI SA performed on serum
for 1gG2a tRadoppgsi fically recognizes the antigen. Procedighssedfks simlar
to that followed 1 n the previous exanpl @ except that the ELI SA was
performed on seri al dilutions of the serum from 1:50 to 1:6400.
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'strotg huresidues 49% 5o TESTEEARIB ivwsetestedt h the 0.1 [err] g anti gen,

reachi ng high concentration of HA-specific antibodies as soon as 2 weeks
post -i mruni zat i on. M ce i muni zed using the conventional protocol

wi th adjuvant exhibited a | ow | evel EXAMPILE gEN- speci fi ¢ hunoral
response at the second week, increasing its |evel 3 and 4 weeks post- 10

I mmuni zation. The | evel of BHA-specific antibody in serumof mce inmunized
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P implantation or Ft)en%ays post footpad {nocu(iat{on, the animals were M and anrkLISA

performed on serum for IgG2a that specifically recognizes the antigen. Procedures were similar
to that followed in the previous example, except that the ELISA was performed on serial
dilutions of the serum, from 1:50 to 1:6400.

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

magnitude.
25 EXAMPLE 11

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

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

EW



EXAMPLE 12 . The inportance of the perforated but otherw se

| npermeabl e and biologically inert coating or cont ai ner provided
around the s%)nge matri x of the device of the present invention was

eval uat ed 09544383} nmuni zi ng mice with,nfluenza antigen BFVHEPMEFT hin
the intact device as described above, or 20 wi thin the sponge matrix

al one, i mmh%ﬁs%&qm@%mah%% deaed ortRd ﬁesé\yabaﬁion&im@gg%m 10 ug
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per f orfmed HLisgusRecifisdef \ABUDQM: g a range of antigen levels from0O. 1 to
180 [err]g/m. As a control for specificity, Epstein-Barr virus was used in
vitro. 3Hthym di ne i ncorporation was expressed as a Stinulation

| ndex, to AeghoyadniFignread$,)a stohgrinmeralonspenst was obtained yrithl thé @1 augiantigen,

As shown ipn_Ei.gur.e 16, T-cell tivation.exhi bited e_ani.mal s. i omuni zed
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when the anfi¢efitnibied RERS tHelcohventRRNBORCOIGhith adjuvant axhid#edh 10 lehéldf hitfzen-

perforated but otherw se inperneabl e container. The response to the
unrel at ed specific huparal graponsentdly scansl wegkoinpreasinges level & and 4 weeks post-
EXANP{-GE 13immmgz tion -Iikil%l SBIRAL echic &ﬂﬁo@qﬁg&ﬁﬁto?%iWWiﬁ%e %evi e
i nper neabl e an lologically inert coatling-or cont al ner provi ad
around t hewsp @i iuigher tharothe {dvel atbievakfolléwinp eompenticeal immwdzation withdizher

| uat ed b f Qr ni i ffusi t. T d . f,
bovi no. ser (e AiRen Bndiadhe bihnfs ot arutite°fh bR Seperifh b ik ons Sdbettyin,
sponge. Thehe@evic€ srodiléd b RgpesibPRERoratHoeaRCvisitlievdd it mgﬁa’gséeng\slse& 10

m of PBS. Sanples were taken at various tinme points and the BSA

concent r at fMoTEYiaus Prperineniy doses greater thamg pg K fesyltin spppgession of the frsmypenge
rel eased | = |10 ) ' Bérd . The
devi cgseof %ﬁ%&%& ‘Sssglr?ﬁp @%\?ghﬁo:o%%ﬁggﬂﬁp g#] t{ﬂ%i(%?sf%fe%&}tieopggse (%’?ﬁpﬁleonant i gen and
over 65% of the antigen was retained for over 960 m n. Mintenance

of a diffusion barrier to sustain hi %@%ﬁ#—z of antigen, cytokines,
chenoki nes, and ot her co-stimulatory & within the device in 15
contact with inmune cells is postulated to be one of the inportant

mechani snms ﬁr oviding the significant inprovenent of the device over
convent i onadhe imprasiapceafitiepepfprted byt etherwise imperaiepble and biologically ipery eeatingatine

FESPONSE.  container provided around the sponge matrix of the device of the present invention was evaluated

by immunizing mice with influenza antigen either within the intact device as described above, or

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

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

proliferation.



Thus, the exanpl es presented above denonstrate the ability of the device of
the present invention . to stimulate a superior T cell and hunoral
response to a variety of antigens, in conparison to 20 conventi onal

f oot pad i mmyg g6akds®n and i n conparison to sinply | oadi ng orwg®wsssnt o an

i npl ant ed sponge nmatri x. 28 _
EXAMPLE 14s shown in Figere[16cTiotly meivativh exhibitad iy the edifalsimintized with thedhitaéthe
present invention w thout aldded anti gen re . determ ned after
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ant i bodi eantigsackiguge kowagyainiedli owi ng narkers: CD 14, CD45/ B220, CD1
1b, CD40, CD1 1c, CD80, CD86, CD3, and I-Ad (PharM ngen, CA). o
Geonetric nmeans of the fluorescence were determned by flow cytonetry.. For
conpatison, the f | ud>sMBhEd3of peripheral bl ood

| ynphocytes (PBL) from naive, syngeneic mce using the sane array of
specific anti bodi es was determ ned, and the results for each anti body .
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CD86) and adhesi on (CD44) nol ecul es was significantly elevated on 10

i mune cells extracted fromthe device of the present invention conparative
to PBL (désshews in Figure 18, b spoape relassadritseniissgpytentayitin $ menutescof énctlbasipn.

anal ysi s Gr&e a6 Fke E;S}E helvehlh Enniied tﬂﬁreﬁéa‘;é&%e tigen and dv?%’@d% bfte

reveal ed the presenc or macr ophages w t arge nu Ers™ 0t ySOSONES,

i mpl yi ng titégen was retained fopoveh P6tmin. Maintenance ofd diffusion bamti¢rde sustain high levels
EXAMPLE 15 : 15 After inplantation, the.concentration.o t. oki nes

cont ai ned %6FTHEH W&“’ﬁ%\?f‘%’é"@ es’tzﬁlg °|kohr°1é%°éﬂtm“1§°ry mﬁéﬁ“ne\?évﬁ@‘l‘not%e ,8%“?%3 absence.
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murine serum_As shown in Figure 20, the device contained greater |evels of
t he sti nu|sgpgjc9nt improvement of the device over conventional immunization procedures in provoking

a robust immune response.

Thus, the examples presented above demonstrate the ability of the device of the present invention
to stimulate a superior T cell and humoral response to a variety of antigens, in comparison to
20 conventional footpad immunization and in compariéon to simply loading antigen into an

implanted sponge matrix.

EXAMPLE 14
The phenotypes of cells present in the device of the present invention without added antigen were
determined after implantation. Cells extracted from the device of the present invention at 4 days
25 post implantation were collected, washed, and stained with fluorescein isothiocyanate- or
phycoerythrin-labeled monoclonal antibodies specific to the following markers: CD14,
CD45/B220, CD11b, CD40, CD11c, CD80, CD86, CD3, and I-Ad (PharMingen, CA).

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



cytokines IL-2, I1L-4, and TNF-a and approxi mately one-seventh the
concentration of the inhibitory cytokine TGF-[err] (data not
shown). Thus, the device of the present invention is a 20 _pb%ﬁoy&fharged
envi r onment W?é"ﬂsqaor eruption of immunggresponse once |gn| h an
anti gen. EXAMPLE 16 ~
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CTLs, m cequtRedddiBiskGdMent h 500 pg of influenza virus vaccine in the
device of the present ihvention. As a control, mce were i muni zed
subcut aneously with 500 pg vacci ne plus Ri bi adjuvant. Lynphocytes.
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r emoved. £LD8 end%‘éﬂ‘l"‘“%(@b‘é’ﬂ?rpéh‘é Class & MHE 8D, wd B eokls (Class kM.
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two-f ol d i Reightened state oftvell abtiationn mi crotiter plates. After a 5-hour

i ncubati on, supernatant was harvested. Results are expressed as a
percentage of specific [err]Cr rel ease according to the formul a:

[ (Experinmental release) - (SpontaneoysgxApep3e)] x 100/[ ( Maxi num Rel ease) -
( Spont aneous Rel ease)] . As shown in Figure 21, immunization
using the device of the present invention with 500 pg of 15 i nfluenza

vi rus,yacci [ . [

Si ani 1Y canti o B ERNCR R BARE o B URRER oSBT biihicehdB e #pfespns
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i muni zation With R bi adjuyvant. e nerated, CIL did

non-i i ect St serum. dis ok eibeire 0t Sate SoRAinea Erels: RS ofbe iAo of

the provokegokiaeRns a1 -4V idd TINF-6h88 aplRShmatly dddGeventh the concentration of the
inhibitory cytokine TGF-P (data not shown). Thus, the device of the present invention is a

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

antigen. .
EXAMPLE 16

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

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

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



antigen in the device of the present invention, no stinulation was seen.

20 : EXAMPLE 17 ) To
determ ne that inmunization with the device of the present invention could
al so nmodul atg §oagssa hunoral inmmune response, m ce Wempriyshenik®red W th
several distinct doses of influenza virgs vacci ne either

adm ni stered in the device of the present invention or injected

subcut ane© ks ey nrppared as follgysp Migeyvere guthanizqdgnd theysplesnsgrere remoyed ZSinglpeci fi ¢

lgM 1gGL ' ' t | m ce
ol ow ngr<TiSbeh s @Pblopfel i difCcRs G wasliEYWREPES, RE BB B M O
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by the abgeoiieRs Smpaiy $ain 2éi1s988 HcMadiTosLaM T O1IR D, (Fi gure 22).
Simlar results were observed for Ig&a anti bodi es.

31 EXAMPLE 18

Serum ant yppdi-e 6 | | ' I i f th resent
“nvent | on? REPUETGGSQEARL A Bls) BTHTR B 82 5 kot SFXE 6o OB AR vy o
subj ect edtatgetsdoryesibritity. The edle adefet labeipdrwithl00tnyCiaif Na, *'CrO, ftsSONhines asdsi um
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5 O o ot yehed Buseimeh G selr LOTEDAS 1PEmE LRV 16 and SHh FES el ot | ve
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mcrotiter plate-based ELISA format was used, as described above.
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vari ous ncentrations, of KSCN were addag-to the wel.ls. Plates were
{Peubat e PR GRPRETE PR E P aporcontest SrpiintriSiodstfocling e fhsia

bi ot i nyl aji(BthefiffehtalRoleasy) } (Fpbntaidoubreibasedlot L00/[Maxitun R 16a5¢)0/(Spontanesus1 0

added to the wells. Increased concentrations of KSCN are necessary to break
conpl exesRelsasekled by the binding of high affinity antibodies to
antigen. As depicted in Figure 23, the devel oped anti bodi es were
shown to possess higher affinity to the viral antigens. Thus, a very snall
dose of = AsshownipFigmre21,smoyhizptionaning the devicerof the pregend inventfon|with (90 pglof
respgnse when using th Vi _ 1y g

EXABLE 1’\3"ﬂ“°nzg%‘msq"a??%§° @’%ﬁ%%‘??&%&ﬁﬂn%’ﬁ? speofle CILY %ﬁ%%%‘?@ce“g tl’%heé
present ia\ysig idfludn@a-fifertedairgereils bamgagal ta ITLs producediin tedpdriso tiscoiventiaffts was

tested in muri ne, i nfluenza, | .. Two goses of .ipnfluenza.virus _vacci ne
su%cutaneous inunumza&on W’ltHquJel adjuvant. The generated C[H, d'ilf not%lYnonEmemteg

target cells in vitro, indicating the specificity of the provoked response. With higher doses of the

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

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

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

Similar results were observed for IgG2a antibodies.

i



I nfl uenza vaccine (5 pg and 500 pg) were used to imunize mce with either
the device of the present invention or by subcutaneous

adm nistration in conbination with R bi adjuvant. 20 Appr oxi matel_)/ 12
weeks after WAM4#EEion, animals were chgl lenged with a | etMdYUSEYLEof

i nfluenza virus. As shown in Figure 24, Vvaccination using a device of the

present invention with both t g ARmASE fnd 500 pg doses of influenza
vaccine resulted in a conplete protection, whereas only 60% of the
m ce i mmuni zed subcutaneously w th 500 pg of influenza vaccine plus Ribi

adj uvant rvived. ALl of the .aninmals imunized.w th the 5. ose.plu

20 vant S el apfartd i By FRieoh TR E S e atfsent g tRS FiliESe o
i Muni zat i e cetfvetipnal 6ot sl avitifadjuventivers abjected to a gralidneoTlebdaliting Molatigy Ot al
protection, but it was_al so acconplished using one-hundredth the anount

of ant i gerKSGN (priasstam ihipsyanate) uiedio,shiiciapiepnoieaific LibEdG: Eem spmpigsesousdnt

| nventsi on @ly§@sen coated nfickDHitdt Si&s ﬁnto??éi‘Yo H&%rﬁh'fﬁe tgé’}eia‘&% Rginktl 6f thb biibodies to
chal | enge, i ndicating devel opnent of a mlder disease correlated

Wi t h t hei rthe gifmenzaentigeni $t siaclardt micediter platehaset ERISA format was used, as described

32 . . . e . EXAMBLE 2 . The
utility of*PKe Trarie addine hipknylatedamfiemouse LafhiRsPligs e Wéﬁﬁiaﬁg%wﬂ% c
human 1 gG {dhc&ftdB6MR of KSCN whre 3Badaas! tHeWwans Opafes WeRfdtbateshiPbomitaRpdstar 8t ed
wi th human i mune cells was eval uat ed by I npl anting a device

cont ai ni ng3Q mirutesn Aftex washingy bietinyiated mtimouse Igfel aptibydy Slwiond@ Rk sLefnl) wes

f emal m re | S LAt ' ] r P fram a
nor mal? hured) e Wald* itebled cbRRRIIAPEE KN i heteiyfo beaf Lomplfsrcal T

i nt r amus c ubathk pindingj of highraffdty\antibodies de anitigen.OAs depicted intFignrp 28 shatevielopedit i on
pre-pul sed with 50 ng, inf]uenza yvirus_vaccine.. Three ks post -

runi zat | DD WrE ey o PAee LB STAGILE B e Hoa pGasne.f o8 very small dose of

i nfl uenza- gRemt {d G fA imulate a poWRRIPRIAGal fdspoRsh WIRR\EAL R RYicELf B8 AS
shown in Figure 25, inmmunization with the vaccine 10 generated

i nf | uenza- pigsent mventiodman | gG. Furthernore, as shown using KSCN at

escal ati ng nolarity to neasure the relative affinity of the serum
anti bodies to influenza antigen (as descri bed above in Exanple 18),
the device of the present invention EXXMBEE12 hi gher titer human

I nfl uenza-specific antibody than that achieved by traditional,

I ntramuscul ar i nmuni zati on (Figure 26). This nmethod can al so be used

t 0o gener at ehélehpadty BthiriARRonGRRER!devie ofthosiésnhBivdntion to PrefR miRMMAE 1pAA
anti bodi es. ] i ] o ] EXAVPLE 21
H gher anpugcsions disgasdsgean tosted in ymynnginguenzy medelo Twordesqsrod inflvenzayimes vacginec an

Crotant eq g valing (5 pg and 300 1 e HBE i ERRRDE Grip P e L GWEY S e

i nfl uenza ywsat inyestioni oirby Mibtetnecns hdreinistriticarih oampiagtion with Ribeadjidangen m xed

wi th Ribi
20

Approximately 12 weeks after vaccination, animals were challenged with a lethal dose of
influenza virus. As shown in Figure 24, vaccination using a device of the present invention with
both the 5 pg and 500 pg doses of influenza vaccine resulted in a complete protection, whereas
only 60% of the mice immunized subcutaneously with 500 pg of influenza vaccine plus Ribi
adjuvant survived. All of the animals immunized with the 5 pg dose plus adjuvant succumbed to
25 the disease by day 14. Remarkably, not only did immunization using a device of the present
invention provide total protection, but it was also accomplished using one-hundredth the amount
of antigen and no adjuvant. Mice immunized with the device of the present invention also
exhibited steady weight following the viral challenge, indicating development of a milder disease

correlated with their relative resistance to acute infection.



20 adjuvant. M ce were euthanized ten days post-inmuni zation and spl een

cells were isolated and - plated in 96 well plates (2 x 10[err]
cells/well). Cells were exposed to influenza antigen for 72 hours at
37 C. Fol | oydehgissul ation with antigen, supernatants werperhRsuesd from
the cultures and gamma-i nterfer ok production was neasured using an
ELI SA kit (Endogen). As shown in Figure the mice i mmunized with
a conbination of the antigen and tth%LEaZﬂ uvant gave an i mune 25

response which increased directly with the dose of antigen. In contrast,
the mce inmmunized with antigen inside the device showed a
sti mul at i Tire wilityt fthe deviceef ttewnsmtmvahtidﬂ”fer taperatios gecifit human IgG iasévegen (as

noted in previqus Exammles h dcre se i.n the i ne r.esponse at
e e PR ey (S wemylae T B bR p o o St o
of anti gejhpldhtiala H%&%hﬁﬁmfkeiﬂﬂ%&mza virus vac%etmﬁg@t‘bl‘y (N@%&l@%ld eads t 0

a down reqgul ati on of the i mune response. This nethod can used
t r eatSent femalehmicsiwese infiised (intmperitoneally hwitin & hoEBME dion %ncusrel‘ hnn;anei.ogor,
transpl a

ation . . . - . ) )
33 n'I'hréﬁ ﬁ?aé’? 6a>tle,r t}éet mice were immunized either intramuscularly or implanted with a device of -

EXAMPLE 2fRe present inventioh@reipulsedavithf S0trigenfiuensevitusivacofiet i’jmree@&aksadoap be us;ad to
gener ate an i mmune response CC I ae an en A Si ngl e

| mruni zat FERIniRaHeR thy naewzrsbf d auibe e Wagm%ﬁi@ea?@swwecd i¢;ungoral

( Pneu”DV%sP%ﬁee RERLTSentRn AR S AT A< SHBWHITE FiR0 05 %muﬁﬁeﬁwwthh % ing

pol yval ent pneunococcal vaccine consisting of highly puri
capswl ar mhy@d@dlmmmsclm manigGo Furtgmore, as showqan%naKéﬁN aOPSCRIEW%I ve

pneunobcocg ni W|th . err o 40 pg of

t he Pneon‘B\a/]ﬂttyy}g tg’f’f "“‘W&t g ,9{8330935%1&?5% &y as
gescrl 3e0hAe|a:'hmeeab@re ulifEXﬁlﬁblt(ej 18), the dWlédbflﬁhdgjre&ﬂj m%gﬁgnﬂ?gudeﬂhgﬁhgﬁn?ﬂﬂ ot heI
oot pa mce were ble 02 y nd assaye or . tota
| gG ( Fi gutunangyiluepgaspepipc gfbg BB@“ ﬂ%«%ﬁh 'Ffrdg‘tﬂnély s Hrarmunizatione
resul ts siquurkRgf 'ﬂﬁ‘sﬁx&ﬂ&f‘&n%ﬁSBQH&ﬁ t§ RerRRite/RAA! sﬁ&%aaeafiagr%r&pm&,ﬂg
achi eved using the evice of the present invention.

EXAMBLE zmxmmmonoclonalhehwpsce of the present invention can be used to
generate an i nmmune response to a highly 15 conserved anti gen.

Cycl ophilin was selected as a nodel protein for these experinents, since
devel opment of an i mmune response tBXAMBI®R2 | in has been difficult to

achi eve, since this protein is highly conserved anong mammal i an
species. Mce were inmunized with 5 [err]g, 50 ng or 0.5 ng of human
cycl ophi | Hfghé‘r‘ dofifthtslo AtREn pRovRledindtdev e oPfhe bRGer? HvERIVn chi VIS4 2 Q.gbp@aﬂon

I mpl ant ed subcut aneously, or mxed wth Ribi_adjuvant and injected

subcut aneefilk¢ immuypegespopsee Bg]bécdmgﬁgyere implanted with the device loaded with the 5 to 50 pg
of influenza vaccine or immunized in the intra~footpad with the antigen mixed with Ribi

20 adjuvant. Mice were euthanized ten days post-immunization and spleen cells were isolated and
plated in 96 well plates (2 x 10° cells/well). Cells were exposed to influenza antigen for 72 hours
at 37 C. Following stimulation with antigen, supernatants were removed from the cultures and
gamma-interferon production was measured using an ELISA kit (Endogen). As shown in Figure
27, the mice immunized with a combination of the antigen and the Ribi adjuvant gave an immune

25 response which increased directly with the dose of antigen. In contrast, the mice immunized with
antigen inside the device showed a stimulation of the immune response at the low doses of
antigen (as noted in previous Examples herein) but a decrease in the immune response at the
higher doses of antigen. Thus, the presence of a large amounts of antigen in an implanted device
of the present invention leads to a down regulation of the immune response. This method can be

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



20 the sera.was tested for an I g&a response to human cycl ophilin by

ELI SA. As shown in Figure 32, mce imunized with the two | ower
doses of antigen using the device of the present i nventi on showed a
superi or resﬁ‘g?ﬁ?@‘isé the antigen in conpggison with the nm &Rt ed

subcut aneously with cyclophilin plus R bi adjuvant. This result -

dermonstr at grrdyhak. t he device can I nduce an i mune response to highly
conserved antigens which are otherw se non-i mmunogeni c. 25 | muni zat i on
with the high dose of antigen in the device of the present invention fails
to i nduce an i mmune response

EXAVPLE 24 EXAMPLE 22

34 The device of the present invention can be used to generate an
I mmune response, to whole, |ive anisns. In this experinment, mce
were i mun &wvwepﬁme.%m%ﬂsnmw%?P\??ags‘*f}é? Reperit FmEpne TCSPONSEia g y ge

provi ded | %@%ﬁ@ckﬁn&&ﬁﬁ@&ﬁ@@%& MnrhivRzAh %Eing gUbH& lgidefel% gj’n%é:ﬁaéoc&ﬂ‘éﬁ‘&iﬂezg

or usi ng [Tve | arvae Inj ect ed subcut aneousl Yy weeks apart
shown 5i n F(Pgnamaowas-%bpltokiuqss aspreificgmsune rqm@eﬂheu@oszp@g apolyvalental | gG as

measured by ELI It has_ been Sl alnst a

o par asi {METEPERRSP LR R RO Ao RPPUE BT HEpdeS from bePatHeRt

| arvae andprevalent or EivSiRZfHelBbcoctR HpRst Mied Were sthm@hieed With either b5 Ngiog ab pg bhat
| mmuni zation using the device of the present invention can be

achi eved utheRgeemenax vaeeineitherina devise w&amdﬁlzcutane%ly as deseribed hpeptor sHxeday
be embodi eg,4, ?«Tlts?i ﬁ%ﬂt%&&éﬁ%{ed%ﬁa 'Eﬂquo i Alpm?x{?er e %ya%li'ﬁﬁd SAERRE LY NI

fromthe spir essent | char act er st S resent
di scl osur eELISA foetwfldg@ (anutnéw) 1gG1 (Figuresio) endclig G2s (Flgma;lal) respqase.t These

|l ustrat trict th f th t
| nal cat od HyROR AL AR B IFRE s BB C B SRS o R BB/ A RE o e

nmeani Ng angdevigWeheYresent inventiGhlUi val ency are intended to be embraced

t her ei n. arious publications are cited herein, the disclosures of
whi ch are incorporated by reference in their entireties.
EXAMPLE 23

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

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

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

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

an immune response.

EXAMPLE 24



35 1. A nmet hod for nodul ating the i mMmune response in a manmal to an
antigen by inplanting . within the body of said mammal a device -
conprising a porous matrix contained within a perforated but

ot herwi se i {RepRap! € container, said matrix containing apgg@gisiokss7of said
antigen, wherein said devi ce attracts c# |s of the imune systemto _
encounter said antige and to nodul ate said i mune response. 2.
The net hothesieviee of the mremé ivegtionisan bgused @rgengfamaemunmmnm tohvheles livel

por ous t t aid
gl gy s expein TR wte RN Bich e RloiSOUdh RN Efng b 5

bi oavai | dnves miov:ldémmsﬁbdsqxhcutauenusly-nmplanmmmoe cﬁ‘ftheqrreslemenm‘iomer hdsg beoon

impl anted.into sajd 4, Ial erein said
anti gen 38'63%? lﬁieﬁtﬁg‘i‘fwﬂ peously g teks AP 9&0 g“reg}‘3"°¥‘\<nl?¥ﬁtf’& $ation
Wi t hisn saih@hcwrmbemﬁc tatal IgG &h@easm&chs;dmmc |Iﬂia§1b3enVﬂ’b§éiﬂbEb PahithedRiingan 1S
introduced into said device about three days after inplantation.

6. Th eammfmamsltrcloasamsmsm&dmgrhoglawmﬂwéwa usingimadiatedilarvac anddel ayed
rel ease for rrul n.sai d r ous
i x coRpPPuR Bsesivols sich Bfrehqiede By furfledon W i RiAOr B 00

wher ei N Sitesdntifnventitn tdh beakkieved|using adedrestErunfiied 6F srgirdisnd. and

synt heti c sources. 9. The net hod of claim8 wherein said polyneric
matrix is select ed fromthe group consi sting of hydroxyl ated

pol ynl\s' Nyl achb 9'&4%%&1@&% oﬂﬁ‘e} mengeﬁéamaydm &Qﬁﬁeﬁ% s witho tpgggﬂi ymer,

pol yl'acti ¢ aci po yl act 1 de-gl ycol i de copol yner, gel atln, Cross-
| i nked C(ﬁ'dmlgmrspmandessmmbl ¢haracteristics thereef;fThe present disclplae mhd:re‘(brﬂ)fb bel aim 1

wherein s (fj“nsqde(i't(s)cfl ztlsaﬂl 9 E‘esggc@lilusﬁraav rrgsemalvcrr&xte %cgolpg Iof e linev%;[lt?octix being
indicated by the appended Claims, and all changes which come within the meaning and range of

equivalency are intended to be embraced therein.

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

their entireties.

[1hi]



fromnatural and synthetic sources. 11. The nethod of claim1 wherein
the porous polymer natrix conprises hydroxylated pol yvi nyl acetate
and the container conprises a segnent of perforated tubing._ . .12....nThe

met hod of cl WP 4*herein said quantity gf antlgen ning of the
bi oavailability of said antigen within said device ﬂ! % lw,",i me of

i npl ant at iWwHAGIIS CLAIMED #:d device into said mam"ral | ng or
enhanci ng the i mmune response to said antigen. The net hod of

claim 12 wherein said antigen is bioavailable wthin sald deV| ce after

| mpl ant ati;on OaAﬁQ&lgd A il odflatifl fie Hatntnd REBTALe lngnéliaze}?/mal td gexg?girgglarﬁin%i m

13 mhereln said antigen Is I nttoduced |nto sal I ce a
days after the withjd thabady afisaid fimasenal adewcw:epmprtsmgsaazodmsmum contaired withiTae

met hod of claim 1 wherein sald uant| of .anti en and the timng of.the
T ool | abi 1|t Peipraba g dnaise PRl et h ot st fotibint hguaRe o S of
i mpl ant ati on Ofantigen, wheréxﬂls&kd@emé:mﬁ G118 8f tHe RO syEtemltb efcouRteSsRPARIZEA NY

or down regul ating an existing or potential immune response to sald
anti gen. 16. and Trrgodndateeaid itmeeapIpons- wherein said antigen is

bi oavail able within said device at the time of inplantation wthin
said manmal . 17. The nethod of claim1 wherein said device is renoved

fromthe mdy ahes®itbdofotinh 1 wherein theitipen & Yieavaitabloditidheaid pddusimysix at 18.
The nethod of claim1 wh rein a sec&nd quantlty of said antigen is
rei ntroduced i rtRetmagpHmP amamn&%??i‘dc vice inte said mppINAlk et hod of claim 18

wherein said second quantity of said antigen is reintroduced into

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

matrix after the device has been implanted into said mammal.

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

implantation within said mammal.

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

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

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

8. The method of claim 7 wherein said polymeric material is selected from natural and

synthetic sources.

9. The method of claim 8 wherein said polymeric matrix is selected from the group
consisting of hydroxylated polyvinyl acetate, polyurethane, ethylene/vinyl acetate
copolymer, polylactic acid, polylactide-glycolide copolymer, gelatin, collagen, cross-

linked collagen, and combinations thereof.

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



sai d device by del ayed rel ease of said second quantity of said antigen
present within the - device at the tinme of inplantation. '

37 20. An i npl antabl e device for nodul ating an i nmune response to an
anti gen CONQig9Bie4les a porous matrix cont ai i erfgyat ed but
ot herw se i nperneabl e contai ner. 21. 36 The devmﬁlwﬂ,ﬂﬂm‘mﬁﬁ erein
said antigen is present within said porous matrixs ¢ N vi ce of
clai m 20 furt Hem agHpand syighetie 4PCeor i nt r oduci ng said antigen into contact
with said porous matrix, either prior to or after inplantation. 23. The
device of claim20 wherein said matrix conprises a polyneric nmaterial.

24. Thel 1dev The mefhod lofi tlain® B whireinghepaanschofymhey matrixocompriessihytrokgladl ect ed
fromnatural and . S heti c. sources. 25. The device of claim 24
wherein oo o APy eEERRE PR TR FBmt CRRTGrbine.

consi sting of hydroxyl ated pol yvinyl acetate, ethylene/vinyl acetate

copol yner, polylactic ) acid, polylactide-glycolide copolyner,

pol yur et H2ne, Tgemethod of glaim b yhereinspid syantity, picantigen and thetgning gétheand

conbi nati ons o - . : L€ | r & L& cantai ner
conprises a s%gﬁgﬁ%{’%?y ?)er o@%g%gv@ﬁﬁa%gé&ice%}Qﬁwt%ﬁlg%vﬁggp%@h@?na@?n 20
wherei n sai d eddidavieeintocsaidanamas resupeinfindiRingdr bniiancihg the imaine response to

i mper meabl e coat i ng di sposed around sai d porous matri X. 28. The devi ce
of claim 27 wi¥f&M88ai d coating conprises a polyneric material . 29.

The device of claim28 wherein said polyneric material is selected from
nat ural and synt hetic sources.

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

implantation of said device into said mammal.

14.  The method 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 method 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 method of claim 15 wherein said antigen is bioavailable within said device at the

time of implantation within said mammal.

17.  The method of claim 1 wherein said device is removed from the body of said mammal

after a period of about 10 days.

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

device.

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

device at the time of implantation.




30. The device of claim29 wherein said polyneric material is S%j[‘md

fromthe group consi sting of cross-linked coll iﬂﬁm“\l “I

acid, polylactide-glycolide copol yner, pol yet hylt 8|

| at ex resin, Wg ene, acrylic resin, jpol yvinyl pyrrolidone, and

conbi nati ons thereof. -

38 31.  3fe dR¥ifslafthble ievien RPmAMEARIg ntieuRE FRphs SRS dn atiS BhipPiSg a

hydr oxyl at ed pol yvi nyl . acetate and the container conprises a segnent
of perforated tPasPyignatrix gontainedwithin a perforated bptk athentvisg impamieableedntaingty om a
manmal wherein said i mune cells are harvested from a device

I npl anted in said nmammal conprising a porous nmatrix contai ned W thin
a perforat etl buTheddvivewf slaim Dpwhereinlzhid aatigends present withia said pdivas sRtrdxod of
claim 32 wherein said harvested cells are reintroduced into said nmanmal .

34. The nethod of claim 33 wherein said harvested cells are cryopreserved
bef ore r 4 ' ' bfhri Emgns ; ; : : I m
32 wherei nZ%{n aﬁ%{%&gﬁﬁé}éﬁ%ﬁ@%ﬂéﬁ%ﬁﬁ Wrrllg? e porfgﬁéﬁﬁ%%c#[%%ggﬁ gg?gn&fmﬁ{aeé
devi ce. 36. witheaidpolousimefiixcéithenprBs tovpreafier implaitdionrmune cells are

rei ntroduced into said mammal . 37. The nethod of claim 35 wherein said
i mmune cells are reintroduced into said mammal after exposure to

sai d antiges. i NTNé ddvive of cRiftn 20 whi€indeMintriOtoriprivkdn solymbrey Materigai d matri x
conprises a polymeric material. 39. The device of claim 38 wherein said

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

synthetic sources.

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

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

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

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

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

synthetic sounrces.

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

combinations thereof,



synt heti c sources. 40. The device of claim39 wherej ol ynmeric
material is selected fromthe group cons “\Im wm\

| at ed

pol yvi nyl acetate, ethylene/vinyl acetate copol

acid, polyl
cross-1linke

g&ﬁbggﬁglycolide copol yrer, polyurethane gelatln chhagen
col I agen and combi rédt i ons thereof. The devi ce

of claim 32 wherein said container conprises a segnent of perforat ed”

t ubi ng. 3142. The fendcediglaira 28 wWheten the BIowRTB31EX Fomprises kskiexyiaedpoboii | ses a

per forat ed bu
tace%t@ﬁ%ﬁ%lé gont ner cor(x:ﬁmses a se&ment of IEyarforate tlg)énrgous —— 43,

The devi ce of claim42 V\/nerel n said coating conprises a polyneric material.

ooy S 5B Er SR o RSB P S5
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erneabl e coa spose arou

wherein said RYWYART frém HREAEL itdpldnfed SRSACIBRnTal @MpridMg ApektRis matrix contained

consi sting of cross-1linked col ['agen, polyethyl ene, S|I|cone | at ex resin,
within a pexforapd it plbeiwise imperyiealdle pentainerd, pol yl act i de- gl ycol i de
pol yvi nyl pyrrol i done, and conbi nati ons t her eof . 46.

pol ystyrene,
copol yner,

The device of claim 32 wherein the porous matrix conprises hydroxyl at ed

pol yvi nyl33,

perforated tubing. 47. The net hod of claim 35 wherein said inmune cells
are used for the preparation of a

monocl onajy antp 9{1&106%@1&%1 3D Rhei 94ill 48 0ested hffs are c@oﬁ%&eﬁ’% veford MUNI Zing &

manmmal with an antigen

35.

36.

37.

38.

39.

40.

41.

42.

The nitil of Slaia3R Whereif 04t Aarmestedrenare seimtrodluceddnm® Bhid dfammal.

or the preparation of a hybrid
reintroduction into said mammal.

The method of claim 32 wherein an antigen is present within the porous matrix of said

device.
The method of claim 35 wherein said immune celis are reintroduced into said mammal.

The method of claim 35 wherein said immune cells are reintroduced into said mammal

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

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

synthetic sources.

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

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

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

hybri doma for the production of a

P



for the production of a nonoclonal antibody agai nst salﬁ @ tlﬂ en, wherein

{he mamal i | mmuni zed using the method of clai Ilﬂﬁ”llﬂlf?ﬂl

met hod of inmunizing a mammal with an antigen for the p
hybri doma ~ WO%M45%; t he production of @ nonocl onal antibody ‘agdi n$t sai d
antigen, wherein the mammal is I mmuni zed using the device of claim
21.  50.  Thanpephbaie Qatifg dibphsddardiRy sBidpofatls thatdTune response to said
antigen is selected from the group consisting of prophylactic

vacci nation, therapeutic vaccination, cellular i mmunity, hunoral

tgglﬁy’ 49‘1;(13?%[% %té\ln%ggx?or% S{"g"{o@ Ge |onM06PS%rlg’r ?Sg!(g)%as %%r%gzci ng human

nonocl onal anti bodi es agai nst a preselected antigen conprising the
sequential steps of: , ol . Lo

40 44> e devige of clajip A3 Fhescisaid rebmgriemaisrial iniselspigd Bompaprladd es int o
the circulati ogjgﬁﬁ ¢ severe conbi ned i munodefi ci ent
(SCI D) nouse an ﬂeSS\nmﬁ%s sai d | ynphocytes to

popul ate the inmune system of said nouse; (b) implanting in

sai d MUSE, a d e .of 2 t he. en of s Vi ce
conpri si ndsai g%ﬁﬁ%vs‘éal oéfg[ Tg é’&&hsaldapotlyngem matena?ls(sggcet éﬁaW%%tff’% i mune
celI's from sai dokk@¥ing 6f cross-linked collagcn pélglathylen®] Siedne/IgteR Yd3ir, BolyRGrehe,0m B

| ynphocytes pr esent I'n said harves I mmune cells
and acryli¢ gepin, polyjasticiapid; p@}ylsgtldgraheehqler@pmb @elyyigylpyrelidone, and
hybri domas t ha g‘iﬂ[ﬁlg nonocl onal anti bodi es that
recogni ze sai dtc?)lfmeigle ectthed g’nt i gen. 52. A nmet hod for transfecting

i mune cells of a mamual with genetic material conprising

I ntroduci ng sai enet | th in the matrix devi ce .campri si ng
2 borous. 8. ° g SEREE o1 47 sl ik Porows Bk apapiee® byftotiied Bge

i nper neabl e coRteate and the dbilaifl®\cofmBrises a segmdntiPf prifoRedwitiiig.n t he body of said
manmal . 53. The net hod of clalm 52 erein said genetic material is

sel ected fromthe group consi sting of DNA, RNA, and cDNA.
47.  The method 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. A method of immunizing a mammal with an antigen for the preparation of a hybridoma
for the production of a monoclonal antibody against said antigen, wherein the mammal is

immunized using the method of claim 12.

49. A method of immunizing a mammal with an antigen for the preparation of a hybridoma
for the production of a monoclonal antibody against said antigen, wherein the mammal is

immunized using the device of claim 21.

50.  The method 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. A method for the production of hybridomas producing human monoclonal antibodies

against a preselected antigen comprising the sequential steps of:



e or
aid
cl ai m 55

54. The nmethod of claim52 wherein said genetic material codes_ f%ﬂg

anti gen. 55. A nethod for the treatnent or prophy”ﬂl “mul Uﬂ
condition caused by an imune response conpris
I nmune respw@gmguaccor dance with claim15. The fret'ho

wherei n said disease or condition is seflected fromthe group
consisting of all er(agD transpl ant rejectjon, and autoi mune di seases.
du

57. A met hod for mapfiwgthwan Refphsral E@B@)h’é@hP‘Wt?f iptg Abggircplgtiomotmt | gen

by i npl anti ng Wi LR cBﬂ&n@@%ﬁodé@dl&tWhoﬁ eda‘?x}‘l'aﬁ@wﬁggﬁﬁ' si ng
said antigen and further conprisin F5m t ng e passive
di f fusi on of nol ecul es lyoiphodytesdo mpdmmelmmnﬂrm'stemmmdn@use, t he

active movement of (lly)mmlnn?p it Inlg i slaldt mouse a3 g&lcé) cfrf cla (}1 dtﬁe antlgen of said device

comprising said preselected antigen;

(c) harvesting immune cells from said device;

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

(e) identifying by screening methodology those hybridomas that produce

monoclonal antibodies that recognize said preselected antigen.

52. A method for transfecting immune cells of a mammal with genetic material comprising
introducing said genetic material within the matrix of a device comprising a porous
matrix contained within a perforated but otherwise impermeable container, said device

implanted within the body of said mammal.

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

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

55. A method for the treatment or prophylaxis of a disease or condition caused by an immune

response comptising suppressing said immune response in accordance with claim 15.

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

consisting of allergies, transplant rejection, and autoimmune diseases.

57. A method for modulating the immune response in a mammal to an antigen by implanting
within the body of said mammal a device comprising said antigen and further comprising
means for limiting the passive diffusion of molecules out of said device without limiting

the active movement of immune cells into or out of said device.
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