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Background of the Invention
10 Currently accepted therapies for most tumors are surgery, chemotherapy,
-radiation therapy, bone marrow transplants or various combinations of these
.therapies. In general these treatments are aimed at the destruction of the tumor cells
by mechanisms independent of activation of the patient's immune system. In the
course of radiation and chemotherapy significant damage to the immune system is
15  an unfortunate side effect. Moreover, the long term effectiveness of these
treatments for some tumors is questionable. '

a. Activatiop of the Immune Systemn

Within the last decade therapeutic approaches have been developed based on
20  the activation of the immune system to mediate anti-tumor activity. Generally, a
normal host responsé to tumor cells begins with T-cell recognition of tumor
associated antigens on tumor cells or via antigen presenting cells. Recognition via
T-cell antigen receptor triggers signal transduction pathways that mediate the
activation of the T-cells. This results in secretion of interleukin-2 (IL-2), gamma-
25 interferon, tumor necrosis factor-alpha, and other cytokines from the T-cells and
accessory cells. The host immune system is thus mobilized to kill the tumor cells.
However, for reasons that are poorly understood, for many tumors this host

response does not occur or is inadequate to kill tumor cells.
: One therapy designed to activate the immune system is the systemic
30 administration of IL-2. However, the doses of IL-2 required to achieve adequate
' amplification proved to be toxic to the patient. Cellular immunotherapy approaches
to activate the immune system have focused on two types of cells: LAK cells and
TIL cells. LAK (lymphokine activated killer) cells are cells of the immune system
which have been non-specifically activated through the use of cytokines such as IL-
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T-cells p. 814-825 (1986)), LAK cells can also be generated from a subset of T-cells
known as ¥d T-cells (T-cells which lack the classical o subunits of the T-cell
receptor and instead express the ¥ subunits) (Ochoa et al., Cancer Res. 49, p. 693-
15 700 (1989)). LAK cells can also be generated from isolated CD4+ or CD8+ T-cells
which have been cultured in the presence of IL-2 and anti-CD3 monoclonal
antibodies (Geller et al., J. Immunol. 146, p. 3280-3288 (1991)). TIL (tumor
infiltrating lymphocytes) cells are lymphocytes which have been isolatéd in vitro
from tumors. Like LAK cells, these cells can be expanded by culturing in the
20 presence of cytokines such as IL-2 or IL-4, but, unlike LAK cells, these cells are
wmor specific. Using TIL cells, a 20-50% response rate has been observed in
patients with melanoma (Lotze, Cell Transplantation 2, p. 33-47 (1993)).

b. Enbancing Immunogenicity of Tumors
25 Other approaches for tumor immunotherapy involve increasing the
immunogenicity of tumor cells rather than enbancing the activity of responding
lymphocytes. It is believed that many tumor cells lack a degree of immunogenicity
- required to induce an adequate immune response (Houghton and Lewis, "Cytokine
Induced Tumor Immunogenicity," ed. Fomi et al., Academic Press, p. 35-54

30 (1994)). |

' Generally, stimulator cells (such as tumor cells) activate T-cells by
engagement of the T-cell receptor with peptide associated with either Class I or
Class I MHC molecules on the stimulator cell. These peptides can either be taken
up from the external environment by the stimulator cell, in which case they are
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cell, in which 29 Gggn eira., Immunol. Today 14, p. 483-486 (199 ). Engagement of the
T-cell receptor with the antigen presenting cell in the absence of costimulatory
molecules can lead to T-cell anergy and failure of the immune response against the
tumor (Gimmi et al., Proc. Natl. Acad. Sci. 90, p. 6586-6590 (1993)).
20 Unique tumor antigens have been defined for several tumors including the
MAGE (van der Bruggen et al., Science 254, p. 1643-1650 (1991)) and MART
(Kawakami, Proc. Natl. Acad. Sci. USA 91, p. 3515-3519 (1994); Boon et al.,
Ann. Rev Immunol. 12, p. 337-365 (1994)) antigens for melanoma and mucins for
breast and pancreatic tumors (Finn, J. Cellular Biochem. 17D, p. 92 (1993);
- 25 Domenech et al., J. Cellular Biochem 17D, p. 108 (1993); Fontenot et al., J.
Cellular Biochem. 17D, p. 125 (1993)). See also Brown, J.P. et al., U.S. Patent
No. 5,141,742 (melanoma associated antigen). It has been observed that tumor
cells do not efficiently present self-peptides (direct presentation) even when the cells
do express MHC antigens, suggesting that there might be a defect/deficiency in
30 another molecule necessary for effective direct presentation of antigen by tumor
cells. Many tumor cells have been demonstrated to express low levels of B7. '
Accordingly, one therapeutic approach is to restore the immunogenicity of the
tamor cells by the introduction of the gene for B7 into the patient's tumor cells, thus
promoting direct tumor antigen presentatidn (Chen et al., Cell 71, p. 1093-1102
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expressing B7 resulted in a 60% cure rate in mice with established EL4 derived
tumors (Chen et al., J. Exp. Med. 179, p. 523-532 (1994)). Sinﬁ!arly, transfection
of murine colon adenosarcoma or fibrosarcoma with genes for murine Class I
molecules could mediate the regression of unmodified tumor, although tumors were

15  not completely eliminated (Plautz et al., Proc. Natl. Acad. Sci. USA 90, p. 4645-
4649 (1993) (fibrosarcoma, colon carcinoma)). This approach is currently being
tested in human clinical trials (Nabel, Proc. Natl. Acad. Sci. USA 90, p. 94-97
(1993) (melanoma)). In both these examples the introduction of the foreign genes
enhanced direct, Class I mediated recognition of the tumor cells by the effector cells

20 of the host. The response is tumor specific. Treatment with the genetically
modified tumor had no effect on the growth of an unrelated tumor. This response
is throught to require direct cell-cell contact. See also Hock et al., Gene Therapy |
Weekly, p. 22 (January 9, 1995) (murme neuroblastoma cells expressing Class 11
MHCO). :

25 A slightly different approach was taken by Trojan et al. for treatment of
glioblastoma. Glioma cells express high levels of insulin-like growth factor I (IGF-
1). Treatment of glioma cells with an anti-sense gene for IGF-1 appears to reverse
the tumorogenic phenotype rendering the cells immunogenic. In these studies,
injection of glioma cells expressing the IGF-1 anti-sense sequence resulted in

30 elimination of pre-existing tumor in all animals treated (Trojan et al., Science 259, |
p. 94-97 (1993)). Although this response was shown to be mediated by CD8+ T-
cells, it is not clear whether they are activated directly by the modified tumor celis or
indirectly via antigens picked up by antigen presenting cells or both. '
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adenocarcinoma); Watanabe et al., Proc. Natl. Acad. Sci. USA 86, p. 9456-9460

(1989) (neuroblastoma); Pardoll, Curr. Opin. Oncol. 4, p. 1124-1129 (1992);

Tepper and Mule, Hum. Gene Therapy 5, p. 153-164 (1994); Porgador et al.,

15 Cancer Res. 52, p. 3679-3686 (1992) (Lewis lung carcinoma); See also WO

92/05262 Hopkins/University of Texas. Here too, the genetically modified tumor

cells are able to stimulate an immune response in situations in which the parent

tumor lines are non-immunogenic. Researchers in this area have observed that the

immune response extends to destruction of unmodified tumor cells as well as the

20 engineered tumor cells and can, in some cases result in compiete regression of pre-

existing tumor in experimental animals (Dranoff et al., Proc. Natl. Acad. Sci. USA

190, p. 3539-3543 (1993); Golumbek et al., Science 254, p. 713-716 (1991);

" Gansbacher et al., Cancer Res. 50, p. 7820-7825 (1990); Gansbacher et al., J.

Exp. Med. 172, p. 1217-1224 (1990); Bannerji et al., J. Immunol. 152, p. 2324-

25 | 2332 (1994) (fibrosarcoma); Fearon et al., Cell 60, p. 397-403 (1990); Columbeo et

~ al., J. Exp. Med. 173, p; 889-897 (1991); Haddada et al., Hum. Gene Therapy 4,

p. 703-711 (1993); Lollini et al., Int. J. Cancer 55, p. 320-329 (1993); Watanabe et

al., Proc. Natl. Acad. Sci. USA 86, p. 9456-9460 (1989); Pardoll, Curr. Opin.

: Oncol. 4, p. 1124-1129 (1992); Tepper and Mule, Hum. Gene Therapy 5, p. 153-

. 30 164'(1994); Porgador et-al., Cancer Res. 52, p. 3679-3686 (1992); Vieweg et al.,
Gene Therapy Weekly, p. 20 (November 21, 1994) (prostrate cancer)).

In general these experimental protocols involve immunizing animais one or

more times with irradiated tumor cells that have been genetically engineered to

.express the exbgenous gene. Irradiation prevents the cells from dividing but does

H
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- system can be activated to respond to tumors is via shed antigens being picked up

and presented by professional antigen presenting cells such as dendritic cells

20 (Metzinger, Ann. Rev. Immunol. 12, p. 991-1045 (1994))_. Similarly Bannerji et
al. have recently suggested that the rejection of IL-2 secreting fibrosarcoma cells is
not T-cell mediated although the subsequen_t systemic immunity is dependent upon
the presence of both CD4+ and CD8+ T-cells (Bannerji et al., J. Immunol. 152, p.
2324-2332 (1994)). They hypothesize that the destruction of the modified cells is

25 mediated by NK cells resulting in the release of tumor antigens which can be taken
up by antigen presenting cells expressing both Class I and Class II molecules on
their cell surface. These cells would then be capable of activating both CD4+ and
CD8+ T-cells. A similar model has been discussed by Shoskes and Wood
(Shoskes and Wood, Immunol. today 15, p. 32-38 (1994)).

30 ~ In recent experiments Cohen and co-workers have been able to prolong
survival of mice with pre-existing melanoma by injecting the animals with
allogeneic fibroblasts which have been transfected with the gene for IL-2 and DNA
isolated from melanoma cells (Kim and Cohen, Cancer Res. 54, p. 2531-2535
(1994)). By using allogeneic cells there is no need to irradiate the cells, which
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c. Tumor Evolution
Most cancers are believed to be clonal in origin and that new subpopulations
arise continuously during evolution of a cancer due to Darwinian selection of
genetic variants that have a growth advantage. Some of the genetic variants are
20 characteristic of a particulai' tumor type and in fact can serve as the basis for
classifying the severity of tumor, in other cases the changes are idiotypic, i.e.
specific to the individual's own tumor. Mutations giving rise to growth advantage
- include mutations in growth regulatory genes, changes in morphology, hormone
dependence, enzyme patterns, and surface antigens. Some of these changes may
25 allow the abnormal cells to escape either homeostatic controls of the patient or
destruction by treatment. Conventional chemotherapies are often effective initially
in slowing the progression of disease. However, with time, repeated treatments
become less effective, perhéps through evolution of successively less sensitive
clones (G. Klein and E. Klein, PNAS USA 74, p. 2121 (1977)). See also
‘30  Schreiber, H., "Tumor Immunology," Chapter 32 in Fundatmental Immunology
W. Paul, ed. (1993). -



90, p. 3539-3543 (1993); Colunbek et al., Science 254, p. 713-716 (1991);
Gansbacher et al., Cancer Res. 50, p. 7820-7825 (1990); Gansbacher et al.,
J. Wooedyery. 172, p. 1217-1224 (1990); Bannerji et alpctrdseshgi¥ynol .
152, p. 2324- 25 2332 (1994) (fibrosarcomn); Fearon et al., Cell 60,
397403 (1990); Col unbo et al ., J. Exp. Med. 173, p. 889-897 (1991);
Haddada et-al., Hum Gene Therapy 4, -8- p. 703-711 (1993); Lollini et
al., Int. J. Cancer 55, p. 320-329 (1993); Watanabe et al., Proc.
Natl. Acad. Sci. USA 86, p. 9456-9460 (1989); Pardoll, Curr. Opin.

Oncol . 4, p. 1124-1129 (1992); Tepper and Mul e, Hum Gene Therapy 5, p. :
153- 30 164d(199E&ﬁhﬂ§n£¥m!dEEEt al ., Cancer Res. 52, p. 3679-3686 (1992),
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PCT/ US95/ 0815type hypersensitivity and also stimulate angiogenesis which promotes tunfor growth not

di m ni sh thei Tu?rmr gpl 1600765 (199aR) responses are then tested in one of
t hree ( tpgn?dansiaaware chal I enge wi.t h unnodi fied _tunor

cells after t he St'l'%ﬂﬁ? pRBog cells dn diffusien ghambers in ipsderrtonml s
are chall engetﬂdwetllimuﬁquinfmddxts and fouhd ket aftel ten wiseks A letél dfaﬁﬁn i on

o oec s ] bl ¥Pbok OB il s Bt BB TR "
‘utilizing gerﬂysa@slljl-llﬁﬂchmesddwemm that hehie vedvweith dlrectly inoculated cells. In '
other experiments he found no significant difference in the immune state of animals
inoculated directly and those given diffusion chambers containiné tumor cells. He
also found that chambers were réjected if left subcutaneously for several weeks
15  (Acta Path. Microbiol. Scand., Sect. B 82, p. 676-686 (1974)).
Biggs and Eiselein used diffusion chambers to show that a certain tumor cell
type releases a viral particle which diffuses out of the chamber providing immunity
to subsequent challenge with the tumor cells. They also show that very low
porosity of the chamber can prevent immunization (Cancer Research, Vol 25, p.
20  1888-1893 (1965)).
Cochrum et al. U.S. Patent No. 5,015,476 discloses the use of
lymphokines or cytokines as an adjuvant when micro-encapsulating parasites and
implanting them to obtain immunization against parasitic infection. |

25  Summary of the Invention
Applicants' novel cancer therapy cured 60% of experimental tumor beaﬁng
animals. When used for the prevention of cancer the method was 100% effective. |
- No experimental animals developed tumors despite challenge with an injection of
106 tumor cells. '

30 . Applicants' invention is a method to prevent or treat cancer in a patient
comprising: administering a first set of tumor cells, wherein at least some of said -
first tumor cells have at least one tumor antigen correspohding to antigen found on
the patient's tumor cells, wherein the tumor cells are contained in an implantable
chamber, the chamber defined by wall means including a porous boundary means



i nvol ved the introduction of cytokine genes into various tunors (see
Pardol |, Curr. - Opin. Oncol. 4, p. 1124-1129 (1992); Tepper and Mil e,
Hum Gene ThwiOsgsy01&1t p. - 153-164 (1994) for reviews). On®@CINUIHBISDST
effective nolecules is GWCSF 10 - (granul ocyte nmacrophage-col ony
stinmulating factor) which augnents specific I munity for several

tunor types (Dranoff et al., Proc. Natl. Ae&d. Sci. USA 90, p.

3539- 3543 (1993) (B16 nel anoma, colon carcinonma, l.ung carcinona,

fi brosarcoma, renal carcinoma)). GMWCSF is unique in that it nmay be

medi ati ng this anti-tunor effect by stinulatin he proliferation and
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(1994)). They hyneittuasformed bahatihecldengineerted ao express ramop dssbciatbdcantiigens or 25
e taken M‘ﬁ%ﬁ%@%’é%@&%%ﬁ&?ﬁﬁ&fﬁﬁ%ﬁ%@?ﬁéﬁ%ﬁ%@a@é o
Class || nol ecul eddlsomay be liveiar ieadiatsds f Ibe. tumars eeliseimay \heuadministarede
R R ek i i g
15, p. 32-38 (1954syng tynors or metPﬁasFécé'F\"g‘f wmes celie may ks punloghs, t‘HBQR/\EFﬁ%er S
have been abl e t adminiasd ollowing stirgicklaemovalrof adumbt. Theyansybeillogendtel @roma
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cells (Kimand Ceéilsrmayhe admiristeredbeforp, durbglond&ss other caicep thirapiessuaisisng
al I ogenei ¢ cel | sqf heliferbdy BCraliaf6hn tRrdpy” A nfaytta@dffhikseredtidifier with local
administration of cytokines using, for example, liposomes. '
" In accordance with the present invention, administered tumor cells are
20 segregated from the patient's cells using any suitable implantable cell-containing
chamber which can retain the tumor cells while allowing subcellular material to pass
to and from the chamber. The chamber prevents cell to cell contact between the
administered cells and the patient's immune cells. The tumor cells may be
implanted at the site of an existing tumor or at a site distant from a tumor.
25 The present invention further provides a chamber containing tumor cells.

In an alternative embodiment irradiated tumor cells are administered in the
chamber, with or without live tumor cells also in the chamber. Preferably, the
chamber is such that it allows live tumor cells to survive following implantation for
a period longer than they would survive if in contact with cells of the patient's

30 immune system.

In another alternative embodiment the chamber is such that it allows
irradiated tumor cells contained in it to survive following implantation for a period
longer than they would survive if in contact with cells of the patient's immune
system. In other words, the chamber preferably delays or prevents rejection of the
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coul d af f W@ 9¥86Hki ne expression.. Since the transfected celPCT/ES%5/08151
fibroblasts they do not formtunors and since they are allogeneic
they readily activate the i mune system However, since they are
“readily rejected there is no long termsi@sul ation of the inmmune
system Qhers have m xed cytoki ne expressing fibroblasts with 5

irradi ated tunor cells and then adnmi ni stered the m xture as a vaccine (WO

93/ 07906, PCT US92/08999).. Still oth hay nt unorous fi brobl ast-
cells to an aa?ftielaﬁ? ej’rgfd Inam Q'Fg ‘mf“f: C%a&berals MYPQ/‘Q&E‘FWS(Egger s,
uU. S. PatitohicNeourid, Béfing A2flammation at its surfacéevhial attses dnheijinant for
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admini stration of The msqmmenmmﬁmbmprgvrdmmlcanpmhmmammpmmg (a):lj uvant
(Pardol |, 5- the Mfsuaﬁm Bf tdmlsqs»n ify 1%%@613 %alfcaﬁgﬁﬁ% Qﬁ; |
adm nj stere one as a

i rradi at ed unrmdl cells a
- vacci ne ( Dr antA™® ‘BF“%{! W‘thé’e)‘ﬁ"ﬂlgg“" stration o %99"%‘34’9‘“@1%‘(%@34/&31(@9@%)) 15
C. Tunor- gimﬂtmhbﬂgemc The tumor cellk/bﬂilc&hm&n&élﬁidﬂai n&u&ﬂohgerh@a&' onal
in origin an

evol ut fon of  SUBRIHERS Y B Blarites as au inofiiaiS B "hred i LIRS B anc o
that have a gprefarablydendered)aontBmeosigehictbyeirpdingionc Altematively aagy ffthod
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changes are i%@pergdthat a rmglstrauon of nonirradiated tumor cells in combination with IL 2
renders them nontumorigenic. In accordance with the present invention tumor cells
administered outside the chamber may be unmodified qf they miay be modified to
express an immunopotentiating polypeptide. Alternatively, instead of tumor cells,
15  the cells administered outside the chamber may be nontransformed cells engineered
to express tumor associated antigens or other antigens, with or without cytokines.
They may be autologus or allogeneic. Or, they may be from a cell line developed
from autologus or allogeneic cells. |
The tumor cells implanted inside the chamber or outside the chamber may be
20  autologus, i.e. taken from an existing tumor of the patient. Alternatively, they may
be allogeneic: taken from another individual having tumor cells which have tumor
antigens corresponding to those found on the patient's tumor cells. Or they may be
from a tumor cell line corresponding to the type of tumor to be treated or prevented
in the patient. They may also be nontumor cells engineered to express tumor
25  associated antigens or other antigens, with or without concurrent expression of

cytokines.

Brief Description of the Drawi |
Figure 1 is a schematic diagram illustrating direct vs. indirect antigen
30 - resentation. | _
Figure 2 is a diagram of the chamber used in a preferred embodiment of the
invention. | |
Figure 3 is a table showing the response of mice to tumor challenge
~ following treatment according to the present invention, as described in Example 1.
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immunity. 10 following implantation of devices containing tissue from one excised mass as
described in Example 2.

Figure 6 illustrates the size of the remaining tumor mass in dog 4008
following surgical excision of >95% of the tumor. Excised tumor was used as

~ source of tissue to load devices wh1ch were implanted subcutaneously, as described
15  in Example 2.

Figure 7 (from Example 3) shows the survival rate of C57/B6 mice in
which preexisting MCA-38 tumor was treated by administration of irradiated MCA-
38 tumor cells both inside and outside the chamber. It also shows the survival rate
for treatment by administration of unirradiated cells inside the chamber in

20  combination with irradiated cells outside of the chamber. '

Figure 8 (from Example 3) shows the survival rate of C57/B6 mice in
which preexisting MCA-38 tumor was treated by administration of irradiated and
nonirradiated MCA-38 tumor cells both inside and outside of the chamber.

Figure 9 (from Example 3) shows the survival rate of C57/B6 mice in

25  which preexisting MCA-38 tumor in the dorsal subcutaneous space was treated by
administration of irradiated tumor cells both inside and outside of the chamber.

Figure 10 shows the protocol for an experiment of Example 4.

Figure 11 (from Example 4) shows the survival rate of C57/B6 mice in
which preexisting MCA-38 tumor was resected and then treated by administration

30  of chambers containing unirradiated MCA-38 tumor cells and no cells outside the
chamber. -

Figure 12 shows the protocol for the expenment of Example 5.




10 induced by tunor cells in a diffusion chanber deposited subcutaneously

for seven days was 10-100 tines |l ower than that achieved with
directly waamhsahed cells. In ot her experinents he f Quqfid9808151
significant difference in the imune state of aninals I nocul at ed

directly and those given diffusion chanbers containing tunor cells. He

‘al so found that chanbers were rejected JifpJeft subcutaneously for several
weeks 15 (Acta Path. Mcrobiol. Scand., ‘Sect. B 82, p. 676-686 (1974)).

Bi ggs and Ei sel ein used diffusion chanbers to show that a certain tunor
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"turnor" shall include solid tumors, metastatic tumor cells and nonsolid cancers of
the blood, marrow, and lymphatic systems. "Tumor” shall include: carcinomas
15 (cancers derived from epithelial cells), sarcomas (derived from mesenchymal
tissues) lymphomas (solid tumors of lymphoid tissues), and leukemias (marrow or

blood borne tumors of lymphocytes or other hematopoietic cells).
As used herein the "treatment” of or "therapy" for cancer shall include
applicants' methods which eliminate existing tumor, delay progression of disease,
- 20  reduce the size of existing tumor, prevent tumor enlargement which would occur
without treatment or therapy, delay the onset of tumor formation, delay tumor
enlargement, and methods which prevent, reduce or delay metastases. As used
herein "metastases" shall mean tumor cells located at sites discontinuous with the
original tumor, usually through lymphatic and/or hematogenous spread of tumor

25 cells.

In accordance with the present invention, the tumor cells are implanted in
the patient using chamber means that prevents cell to cell contact between the tumor
cells and the patient's immune cells. Preferably this segregation is accomplished

- using a device as described in the published PCT Patent Application WO 92/07525,

30  which is hereby incorporated by reference in its entirety, or the device described ir:
pending U.S. Patent Application Serial No. 8/179,860, which is also incorporated

by reference in its entirety. Use of a device of this type prevents cell to cell contact,
allows subcellular material to pass through the chamber, and provides patient
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15 The prior art tumor cell vaccines administered to patients generally use
irradiated tumor cells or allogeneic cells without chambers or encapsulation
techniques. In accordance with an embodiment of the present invention,
nonirradiated living cells contained in the chamber are not rejected or destroyed by
the host immune response and are believed to have a continuous

20 immunostimulatory effect for as long as they survive. In contrast, the nonviable
tumor cells of the prior art provide only transient stimulation since they are rapidly
cleared from the host. The chamber may be implanted in the patient and later loaded
with cells or the chamber may be loaded prior to implantation.

Surprisingly, tumor cells administered in the chamber in combination with

25 the administration of free irradiated cells can provide a therapy superior to either
technique used separately. Although applicants do not know the mechanism for
this result, it is thought that the use of free cells allows early celil to cell contact to
initiate an enhanced immune fesponse and the use of cells in a chamber allows a
prolonged enhanced immune response thereafter.

30 " In the case of treatment for existing tumor, the administered cells are

| preferably autologus cells, and preferably comprise a mix of all the various cells
which may be present in a heterologus tumor. Preferably the administered tumor
cells reflect the heterogenicity of the patient's own tumor. The bulk of the tumor(s)
present in the patient are removed using conventional surgical techniques.
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are detemuned by tumor biopsy. The allogeneic cells are administered in the chamber

as described herein. The contained cells may be irradiated or not. In addition, the
allogeneic cells may be irradiated and also administered as free cells.

Alternatively, in accordance with the present invention, the chamber

15 containing tumor cells méy be administered with a dose of iminunopotentiating

molecules (e.g. lymphokines). The dose may be administered using nontumorous

cells (e.g. fibroblasts) engineered to express and secrete imm_unopotentiating

molecules (e.g. lymphokines). The loaded chambers may be administered with or

without free irradiated tumor cells, with or without immunopotentiating molecules.

20  The engineered cells may express more than one cytokine or immunopotentiating

molecule. Other sources for direct local administration of immunopotentiating

molecules may be used such as liposomes, microcapsules, time release capsules, or

- micro-pumps, all of which are known in the art of drag delivery.

As used herein "immunopotentiating molecule" includes any molecule that

25 stimulates or enhances the activity of the immune system when used in combination

with the chamber and tumor cells of the present invention. Those skilled in the art

will recognize that this may include cytokines as well as antigenic lipids including

phospholipids, hormones, Carﬁohydrates, nucleic acids, virus particle components,
bacterial cell antigens, and proteins. Those skilled in the art will recognize thatto

30  be of use in the present invention, the immunopotentiating molecule must present in

' high enough quantities and with a degree of antigenicity adequate to enhance,

stimulate or elicit an immune response. The immunopotentiating molecule may be

secreted or shed from live or irradiated cells or may be a degradation product from

dead cells; or it may be a synthetic or purified drug. Some immunopotentiating
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patient. Al ternahiyRdyTurhdnniEbgenity,” EBS FormipGe 8ealc(199a)k eGokuibek AP feer

Lot hose 1 oudd o SHERIE, RS RN TR by PR SF SBhERE R "

tunor cell line mmmdapslﬂenj |a|g dancdrhacclypm efmurimeomodel (CancerdReseatchy 53, p.
prevent ed - 58% gﬁ y- al so be nontunor cells engi neered
to express tunor Elu assocl at e(!J antl ens or other, antigens, with or -

wi t hout concurrent exprdstesminingprotocols nglydingiappropriate doses, opg skilledindhe arbt i on
of the Draw ngs may refer to the maEy gubléshdd pﬁot@co‘lsi#ﬁi?&&ddfbyjﬂhéma@@ihaﬂ Tnstitifed ok Ng

Grect s R Sl RihaGabRA ARG Coimitss o amperpocipty Sing imadiied

i nventi on. modified or inmedifiedtunmor aellsa Hoe exdmpie.rsge Human&3ene Therapy Aprite t o
tumor challenge 904 yoil 8l hO4s363 6§ efeincel ket 19 phBlidHed JHbR26R! These
i nvention, as described™i an‘f)e : L .

published protocols include: (i) Immunization of Cancer Patients Using Autologous

Cancer Cells Modified by Insertion of the Gene for Tumor Necrosis Factor,
15  Principal Investigator S. A. Rosenberg, Human Gene Therapy 3, p. 57-73 (1992);
(ii) Immunization of Cancer Patients Using Autologous Cancer Cells Modified by
Insertion of the Gene for Interleukin-2, Principal Investigator S. A. Rosenberg,
Human Gene Therapy 3, p. 75-90 (1992); (iii) A Pilot Sudy of Immunization with
Interleukin-2 Secreting Allogeneic HLA-A2 Matched Renal Cell Carcinoma Cells in
20 Patients with Advanced Renal Cell Carcinoma, Principal Investigator B.
Gansbacher, Human Gene Therapy 3, p. 691-703 (1992); (iv) Immunization with
Interleukin-2 Transfected Melanoma Cells. A Phase I-II Study in Patients with
Metastatic Melanoma, Human Gene Therapy 4, p. 323-330 (1993); (v) Gene
Therapy of Cancer: A Pilot Study of IL-4 Gene Modified Fibroblasts Admixed with
25  Autologous Tumor to Elicit an Immune Response, Principal Investigators M. T.
Lotze and 1. Rubin, Human Gene Therapy 5, p. 41-55 (1994) (melanoma, renal
cell carcinoma, breast, colon); (vi) A protocol was approved February 17, 1995 for
colon cancer which combines tumor cells plus fibroblasts engineered to express IL-
2 (San Diego Regional Cancer); (vii) Phase I Study of Cytokine-Gene Modified
30 Aufolbgous Neuroblastoma Cells for Treatment of Relapsed/Refractory
Neuroblastoma; Principal Investigator: M. K. Brenner; RAC Approval No. 9206-
018; (viii) Phase I Study of Non-replicating Autologous Tumor Cell Injections
Using Cells Prepared with or without Granulocyte-Macrophage Colony Stimulating
Factor Gene Transduction in Patients with Metastatic Renal Cell Carcinoma;
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Ani mal s weoesomwpl anted with two devi ces each cont ai ni ng 10ﬁcmb§5msl@1e

ani mal received only one device. Al animals were given the first
chal l enge with 106 free MCA-38 cells three weeks after inplant. In
Experinment |, a second challenge was -16- at 8 weeks after inplant; in
Experinment Il a second challenge was given at 11 weeks 5 after inplant.

Figure 4 shows the nunber of days at which tunor was detected at the °
challenge site in aninmals challenged with 10[err] MCA-38 cells at the time -
of device  Principaplnyestigatasn]. Simons RAC Bppravial Nead3e040; (i8)p Phasel I Brixl nal s

did not receigf¢nmen Goima Interferon—Transdu:!:e'dgli:ﬁt@l<;§O\§§”‘I‘3)9ﬁoxi({f@ls511'1is witgai ning

subcut aneous _masses .| followmng i nplantation o evl ces

cont ai ni ng tl@WP?'S%I@ﬂgg@kMé?&P%s@wal Ves“&é'é’ér HpEq Spiglesy RAf e 2.
Figure 6 il ygiplithtion tN&: 93062045; (x)ePliased smag o\ Meansf@sted iChneso CEA08

fol | ow nggsurgi cal % 0 e | s used as
source of “ti , -as

o1 EdpEbiok ik Io@BoRhn 2 Gehe Rrddlfs i T Aot B (S5
described 15 CanpcertXxijjinanmbization of Malignant Mejanma?P@tiemnwﬁhaﬁutdrkuBm-z hows '
t he survival f t unor
was treated t%%eltaegng nqﬂg?rzgl'[ﬁ?o%el%eﬁ#ﬂr} cressdn & De?}'ﬂk@lﬁfg%ﬁéb%?gﬂ%o% q{ s both
i nsi de and odnsigers; PrBcipadpyrsHgatos: aKsQa%QBRE, RAE Appligatien NpaQ3eQ9-056 f or
treat ment by apdnixii) SGemétically OEnginkéred dAatc16 &ﬁ' uﬁmdasvd&lﬁése Pebdutaeg 1 n 20

- comtnat g Lol AT SERL PV eSS RSheaveigwor.
whi ch preexi St Brgnéifién3RAQ Applicstion Nea93091058adThesesproticoisnaref hérebydi at ed
and incorporated by reference in their entirety. See also published PCT application WO
93/07906 where a cancer therapy protocol is described for cells exﬁressing IL-2 and
PCT Application WO 94/18995 where a protocol for adminis_terihg allogenic
15  melanoma cells secreting IL-2 (RAC Approval No. 9206-021) is described. One
skilled in the art will recognize that the sections therein regarding patient selection,
dose, pretreatment evaiuation, concurrent therapy, and treatment of potential
toxicity are all applicable here. Generally, the desired dose is the number of cells
which will be effective to elicit a protective immune response by the patient against
20  the tumor cells. For example, to treat a 70 kg patient having a tumor weighing
'approximately 150 grams, one would administer approximately 5 x 107.to 5 x. 108
autologus irradiated or nonirradiated tumor cells contained in a total of 5 to 10
devices having a 40 pl lumen which are described in pending U.S. Patent
Application Serial No. 8/179,860 filed January 11, 1994, or the number of such
25  devices necessary to contain the desired number of tumor cells. Up to a similar
number of free irradiated cells may be administered concurrently. A reduction in
the size of tumors present in the patient should be apparent within from about three
weeks up to a few months. The elimination of metastases may be harder to detect.
The implant may be left in the patient for a period of weeks for a transient
30 effect. For treatment of existing tumor preferably the implant should remain in the
patient for as 'lc'mg as there is a possibility of existing tumor. For prevention of
tumors the implant should remain in the patient for so long as the patient continues
to be at risk for development of tumors. One or more of the implants may be
removed from time to time to assess viability of the implanted tumor cells. Free



noni rradi at ed MCA-38 tumor cells both inside and outside of the chanmber.
Figure 9 (from Exanple 3) shows the survival rate of C57/B6 mce in 25

whi ch preexi g§id qidfy”- 38 tumor in the dorsal subcutaneous Spa‘iﬂ’l‘?ﬁﬂﬁﬁl@f‘t ed
b and o

admni'stration of irradiated tunor cells both inside ut si de
of the chanber. Figure 10 shows the protocol for an experinent -
of Exanple 4. - Figure 11 (fromgxanple 4) shows the survival
rate of C57/B6 mice in whi ch preexi sting MCA-38 tunor was resected
and then treated by adm nistration 30 of chanbers containing unirradi ated
MCA- 38 tunor cells and no cells outside the - chanber.

Figure 12 shows ifagiapdeNsalay beadinsteaudartherime of imphustrint eeadministered agn
gg{r? tgéé /08151 Aafter a period of time has elaped such that the original free m'adlafeéd cells were
Figure 13 (from Ekedyrdéstroyed bj thvespatient simrmouncedysteat, approxiDaat¢lpe wiGcweeks. If,
chal l enged with J i%%ﬂ%ﬁ%ﬂﬁaéfcbﬁﬁn edrﬁatgngy BE rirfOFLalig 66 adifel, ﬁleﬂiﬁnplam
mel anoma grown up I.n and transferred I'rom syngenei c_anjmals.

Fi gure 14 (fSom deviges maydp exeisedandireplacadwithnew devicesconginingsfreshdumorceils
chal l enged W th ERécéxyay| Attdridtively, ehe iniFlaHSmay be eniptied and 2é1040edVTH pladéd
wth - both free irrtadi a,h(lad 7 _ovarian tﬂm)r %gl | f and dgw&es.

cont ai ni ng i rr adVihoiy exeision. The reglacement ymor cells may be cells harvested at the time of

the original tumor resection and frozen for later use if autologous tumor cells were
administered.

10 In the case of the administration of allogeneic tumor cells similar guidelines
will be followed. At least some of the antigens or soluble factors of the donor
tumor cells pré.ferably correspond to those found on the patient tumor cells as
determined by tumor biopsy.

In accordance with the present invention, where desired, tumor cells may be

15 rendered nontumorgenic by irradiation, by mitomycin C treatment, or other
treatments known in the art. |

Human cell lines engineered to express known human tumor specific
antigens may be created and then administered in accordance with the present
invention. Examples of such known tumor antigens include MAGE, MART, and

20 mucins. U.S. Patent No. 5,141,742 to Brown et al. describes melanoma
associated antigens. Again, the antigen(s) of the administered cells preferably
correspond, at least in part, with those of the patient’s tumor cells as determined by
tumor biopsy. The preparation of human cell lines and the engineering of such cells
to express desired antigens involve techniques known to those skilled in the art.

25  The cells preferably are of a type which efficiently express the desired antigen or

| soluble factors. The genetic modification of the cells could be done by one or more
techniques well known in the gene therapy field (Human Gene Therapy April 1994,

Vol. 5, p. 543-563). One coxﬂmonly used technique for delivering extrinsic DNA

, into cells involves the use of retroviral vectors. These vectors can infect large

30 percentages of the target cells and can integrate into the cell genome. The retroviral

' vectors are constructed to be replication-defective in selected cell lines, and

therefore incapable of infecting nontransduced cells. Other viral vectors that have

been proposed or used for delivering DNA into cells include adenovirus, adeno-



‘Det ai | ed Description of the Invention 10 A novel nethod of tunor
therapy is described conprising the adm nistration of tunor cells to
a pati ent Wigngelogépr eventing cell to cell contact between at BcIAsSosASIRE '
of the adm nistered tunor cells and the patient's imune cells. As used
herein ~  "tunor" shall include solid tunors, nmetastatic tunmor cells and
honsol i d cancers of the bl ood, nerygow, and |ynphatic systens. ™ Tunor"
shal |l include: carcinomas 15 (cancers derived fromepithelial cells),
sarcomas (derived from nmesenchynal ti ssues) |ynphomas (solid tunors
of l'ynphoid tissues), and | eukem as (marrow or . bl ood borne tunors of -
| ynphocyt es oassesiated viresvherpeoVises, end polieyjrus. The retroviral andMeum-askobmtedl n the

"treatnment” ofinfifveciofhidRbost bfen B pRiposid Sth\i¥ed fw@! We gene therafbid
met hods whi ch, el i m.nat e exi sti utgé)é del;l a ogre ston .o sease 20
m

reduce the si Ve inipicells frmoy nK\enl argement whi ch woul d
occur Wi t hmlﬂoﬂ-m&imlrdehoeryttéuhnﬁpys thdﬂim bedrrused 9€p Bsd‘d%P gene

fornmati ong S Whl (o} vent relduce
or del ay Ret agl?%g%m&g %%'Ac}lg% : %Bﬁﬁ&ﬁg} ﬁe‘@n&@ﬁyg es ang glec ?fﬁt o rror

cel I s | ocat ecandtlipsifeationdi Yodert masteenditions, these delivery aeohqumzk asuwel ,asusual | y
through | ynphakias eﬁdr %ctaﬁrrméagwau&m%c%st 48 Hot zlPad 1§ esk%rﬁﬁfant

In accordance with t esent ipvention t unor cel

the patient dgﬁeﬁ@tleﬂgm Hbg’ﬁ&‘"ﬂ BEROIBE- ev@ﬁtn%eaéﬁmat %%éms@am@ms OtSet vveen
tS Qgr 2 ;g?r the recipieat @ells twich jpiad eRinsic Dmm\r/tﬁ:cmegd;ﬂxdvgi@?fﬁ Frdqhehdy 2

oub! | ShedSpcrRiGRE BT B Paricutar iRty Tt VissEor Sopifihedds ‘ffewﬂétﬁe (
i ncor por at ed spitablefer tandutroduction of igendseinto ﬂbrceilhmhidvametheieanplahed ihre
pending U.S. aB@&rﬁﬂfcemlt?% e imvehticH. (Nﬁeh@%u%@gn o%'\pﬁrﬁ%g tﬁm&lf s

i ncor por at ed nce In Its entiret vice this
type prevent $1ag been f’%ﬁcﬂh?q preyipusly; (Patel et al. aﬁ‘l‘lﬂ% Gene dberapy & Pnﬁ?'éﬁB&I to
pass thr ough (19®)yz.hanber, and provides patient

15 The applicants’ method for prevention of cancer is pattwularly appropriate
for patients at high risk for development of tumors; for eXa_mple, those individuals
identified by genetic screening to be at high risk for development of tumors. Asa
therapy for patients diagnosed ‘with cancer, applicant's therapy is especially

~ appropriate for patients'who have undergone successful tumor resection and

20  patients who are at high risk for the presence of micrometastases.

The chamber used in the present invention prevents direct cell to cell contact
between the cells of patient’s immune system and the cells in the chamber. The
preferred chamber of the present invention (Figure 2) is a device comprising two
bilayer membranes (1) surrounded by a polyester mesh (2) sonically welded |

25  together, with a port (3) for access to the lumen (4). Each bilayer comprises a 5 um
PTFE membrane manufactured by Gore, Flagstaff, Arizona, Product No. 131324
and a 0.45 pm PTFE membrane manufactured by Millipore, Bedford,
Massachusetts, Product No. SFIR848El. At one end there is a polyester (PE 90

-ID 0.034" by OD 0.050") port to permit access to the interior of the device for

30 loading cells. The device has an interior lumen. This device is described in
copending application serial number 8/179,860 filed January 11, 1994 and
copending application serial number 8/210,068 filed March 17, 1994. Previous
‘studies have shown that this preferred device has the advantage (though not
required for all embodiments of the present invention) of being able to protect
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vascul at ur e V@ %9611 npl ant site. In addition, it avoids formPFHHSHYSLS!

cl assic foreign body capsule and it provides a chronic wound healing .
i nflammation at its surface whi ch acts as an adjuvant.

Any device for cellular segregation that allPows t he I npl anted tunor cells
to 5 interact with the patient's inmmune systemin any way other than

t hrough direct cell - .to cell contact wll be suitable. Alternate means

i nclude hollow fibers, .shegt . menhr anes qr capsul ati of, .si ngl
tumor cells or @IUBE‘?@ tpu %ﬂ‘Br‘%anjgﬁfmfr}g\: extendé pgﬁgéjﬁa@"g%e&flﬂﬁ Eg’rr':cr o-
or mcro- capsulGedlutar BiocHenp d8Ayps223U4894) arsl Johasdnest al., Cell Trarsplantation S,
retrieved int ac;) fZQ@'ﬂé patient is preferred, especially if viable tunor
10 cells are admnistered in the chamber. This offers the advantage of
being able to (@hercell cpataining chambers tMbialy theseskilled inhe et anay findaiseful Use’
OL the Fr ef le_sr egn ﬁi[@;ff@ﬁht inanﬁo@inémd&a%gh&ﬁe ﬁﬁ?’@ﬂiﬁﬁﬁs waai_bpmat, ugamé.?
adm ni ster |ive _gutol ogo r . i VE.a neic _tu S,
or - 1ive nontunoroffsr sﬂegogér?epg‘?‘gﬁZH%PUQ&%“%@“P?WW‘%&’Hﬁ’F @e&%‘gg&
express tunor arfl988)nand Depuy et al., J. Bibmedir MateraRes.t 22yop. 10611 1078c(1i988));
adm nistered to ' : s LT hadh e

al | ogeneic cell S}Pd\?\nfotk‘ﬁgh%s %ﬁg@ggé twtl)ﬂrhsér%é%.s%lpg{epbﬂh%'eﬂeg' ? g}c)% nslcl'%‘ie?dé%

accor dance wi t h ané AdtmadetadaPrass of Hhisgr-Meeting ofIPAQ.i WPp. 5, p- 77610 (198D} at ed
living cell $ocomigheiad 351p.1628-63331986)), 21 ixﬁ&t%dlﬁbﬁﬁé eWong efl 5 BigHAL, R¥.
the host inmmune fSponse a dare ge eved tlae ¥§ )3\ f/ﬁn,:“ nuotégééoal Lo
i munost i nul at oéﬁ léfaf‘a &f‘@fgwf: nty> & ﬁe@ s@ PyeMigroeansy t2I2INRE
nonvi abl e ~ polydysinec(®'Sireacdt al./Biophiin et Bidphpr Asta 864,00133-136(1984)) Sun et
mmy be i ol ant odr1 AP EIBenER Hipreeh, 40575 LIS, ChiqlRbmieldss re "
chanber nay be |Djsbitofogiai B, pt §4457(1988)anddhoosen et al., U.S. PatedtiNo: #£88¢293,
adm ni ot at fon GUIPSCISONT, {57 FRRTNTY. 4 RORl kb i ok U Patent
eit her No. 4,806,355, February 21, 1989, and U.S. Patent No. 4,67%,566, June 16,
1987); Chitosan-alginate (McKnight et al., J. of Bioact. and Comp. Poly. 3, p.
334-355 (1988)); Polyacrylonitrile or other ultrafiltration membranes in a U-shaped
device (Moussy et al., Artif. Org. 13, p. 109-115 (1989), Lepeintre et al., Artif.
20 Org. 14, p. 20-27 (1990), and Jaffrin and Reach, U.S. Patent No. 4,578,191,
March 25, 1986); Hollow fibers of polyacrylonitrile (Aebischer et al., Biomat. 12,
p. 50-56 (1991) and Lacy et al., Science 254, p. 1782-1784 (1991)); Track-etched
polycarbonate membrane diffusion chambers (Gates and Lazarus, Lancet, Dec. 17,
p. 1257-1259 (1977)); Polymerized 2-hydroxyethyl methacrylate pHEMA
25 membrane devices (Ronel et al., J. Biomed., Mater., Res, 17, p. 855-864 (1983));
Microcapsules of polyacrylates (Douglas and Sefton, Biotech and Bioeng. 36, P-
653-664 (1990); Trans Am. Soc. Artif. Inter. Org. 35, p. 791-799 (1989)); Acrylic
copolymer hollow fibers (Lanza et al., Proc. Natl. Acad. Sci. 88, p. 11100-11104
(1991)); polyol copolymer film WO 93/22427; Intravascular devices (Berguer,
30 U.S. Patent No. 4,309,776, January 12, 1982) and Gaskill, U.S. Patent No.
4,911,717, March 27,1990); Cationic-anionic crosslinked membranes, e.g.
chitosan and polyaspartic or polyglutamic acid (Jarvis, U.S. Patent No. 4,803,168,
February 7, 1989); Surface-conforming bonding bridge layer of a multifunctional
material and semipermeable polymer layer for cell encapsulation (Cochrum, us.



‘techni que used separately. Although applicants do not know t he mechani sm

for this result, it is thought that the use of free cells all ows
early celwams/moeell contact to initiate an enhanced i rnpoINEsISASBBINSE
and the use of cells in a chanber allows a pr ol onged enhanced i mmune
response thereafter. 30 ' In the case of treatnment for existing
tunor, the adm nistered cells are -2 eferably autologus cells, and
preferably conprise a mx of all the various cells whi ch nay be

present in a heterologus tunor. Preferably the adm ni stered tunor

cells reflect the heterogenicity of the?é)atlent s own tunor. The bul k of
the tunor(s) Patent N%r‘b@glsﬁ, ﬁemm@bpk’ﬂ? 9% 7)aVascularperfusion device(Ghick etonal

surgi cal techy)i qyes; Patent N 30021641, March 26,199
R BRL! aten arc 991); Macromer Eﬁlymer

Renpved t umprencapsulation, Dssiicet &b vKPx«?é’ 16682; Bariupralginate; Gfﬂsséﬁd(qdoaded
into a | miveodapsules (makbnnprBabhmtuerlsnabdﬁmeﬁﬂl,l 099106 (1@92msﬁhaf cells

d d. Eh d. 0

Chanber s iy BEnbn deyiced (Whide SLATE Wita Mol E0 e b, T84 Aml,
Wi thin the S|24e283f199% othemsncapsylation devices (Adbxschen WQMOVBQQ LS. Batemtny
_other suitabligysq g, 1@%@@%@%@35 0DE7; WOTBY000ES; WO 92/19195: WO

" admi ni stered jn. condlnation mni.stration ree nonvra

(i rradiat ed) 91/10470; WO, 910425 WO; U 13637:¥P0 PORRESA) and; eellglargmplantt from
t he chamber idevlicest wstepatent NosM4,24 R1187,c48920538; ol 91, 00 Sifsgs nay be

e ¢ for Tapebict bR bl ABpaS Tubte 2 5 A Bl S oo (
expressed by (1992)pmviesvst variaus ehambers used for containing cells; as do Langer and
Vacanti in "Tissue Engineering," 260 Science, p. 920 (1993). In the event that the
particular chambers described above are not permeable enough to allow ingress and
egress of the subcellular material to and from implanted tumor cells, one skilled in
15  the art will understand that the permeability of such chambers may be altered
without changing the basic design of such chambers.

Furthermore, the applicants believe that other devices, not mentioned here,
may be used in the invention if they have the property of housing implanted cells in
such a way as to prevent direct contact of graft cells and host immune cells, and

20 allow the release of the subcellular antigenic material that stimulates the patient
immune response. While applicants have not isolated or characterized the
subcellular material which causes the patient immune response, they believe it to
include immunogenic molecules (antigens) shed or secreted from the contained
tumor cells. The tumor cells shed many antigens, not just tumor associated

25  antigens. " This is thought to recruit high numbers of macrophage and antigen
presenting cells to the site which in turn provide an enhanced immune response.
The administration of an immunopotentiating molecule, such as a cytokine, further
enhances the immune response at the site. |
| Applicant's invention provides numerous advantages over current cancer

30 immunotherapies. Many of the studies published to date require the sole
administration of "free” irradiated cells; i.e. cells not contained in a chamber. The
cells are irrradiate_d as a safety precaution to prevent them from proliferating and
causing additional tumors. However, they are cleared from the body within 1 to 2
weeks providing only a transient dose, and in some cases, the irradiation may

.
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det er ni ned by tunor biopsy. The al | ogeneic cells are admnistered in the
chanber as described herein. The contained cells may be irradiated or

not. | n addiyo®gnidine al | ogeneic cells may be irradi at egepudosisio
adm nistered as free cells. - Alternatively, in accordance with

the present invention, the chanber 15 contalnlng tumor cells may be

admi ni stered with a dose of i mmunopotentiabjbg . nol ecul es (e.g.

| ynphoki nes). The dose may be admi ni st ered usi ng nont unor ous cells
(e.g. fibroblasts) engineered to express and secrete imunopotentiating
nol ecul es (e.g. |ynphokines). The |oaded chanbers nmay be administered with
or Wi t houtinterfere with pudidadtiog df any cywkines engin¢eredointonthe icells. In apphcant s

| munopot ent i at Hﬂ&nﬁ% ﬁth&sal\g/é%tnec%sgﬁg%m‘mﬁé afé css?{abfedgsgeem

t han one cytoki ne or | mruno r sou ces or
di rect | ocal aerhﬂnslrnadeﬂrFedis arqisedopey lkelyfemaip present apimawapgensinythee

used such as i Féﬂﬁx?xBﬁlshfer BeRbACSNEHE fonget tHER thfh@éiﬁadii@& CERSof e prior art.
m Ccr o- punps, ch are arl (0]

o e 5 ApHGHRAS o6 0F A chAmbe mt?eée@reesafwafa Sdiene i Whigreclinge 25
stimul ates or enhanﬁﬂl:iketme priviriavt, free alimbh eelismesdenat \bhetiatroddved inephtients.
conbi nati on f

i nvention. Thos é\dgﬁgoy%]ehpg Rﬁ:{i‘%g@ieé?wmiémﬁ?f mee&%gr.{eé gﬁ?ﬁﬁéﬁﬁﬁ' cha%bfr

i ncl ude cyt oki ndtselfiactaek lan adjuaanti foethesubeediular armgleamaftqlals Macrophages are
phosphol i pids, hgg mS%b{%?E mtmeae%e'aﬁdﬂmsdﬁe nYh Sitidath pﬁkeuopl .

conponents actert al antlgens protelns OSG sk

the art wil [10r e@@ﬁ%@ﬁﬂﬂsﬂﬂh%msb@@?mmrFﬂE"Y)‘F“é%@?tdeYlﬁ%ent ion, the
i munopot ent i ating mﬂx@ﬁiﬂlﬁ dﬂeagmaéxea%ens which may bBiugdt RN WdGHIaAMAWith the's

and with a degree of .anti te to _enhance te or
elicit an i mun@$EaLBY “‘I*ﬂ u 5 S oﬁﬁf'gﬁfﬂtgk‘ﬂ%‘tgﬁ’m e,
secret.ed or shedVOrafi®7 lloseAddismnrad.l aGene Thetapy MYeekiyy pbd9 {Ndweembelclt994));

product from Flls %@E«L,efeﬂl th %xg%s&’g&e%ﬁ@n@toﬁﬂéﬁ&@ theceRluial Yhd/bt Rdndial'9:

Sonme | Mmunopot ent |
PCT/ US95/ 08181 antxtumor activity (Plantz et al., PNAS 90, p. 4645 (1993) (allogenic

histocompatibility gene); Gansbacher WO 94/18995 (allogenic tumor cell
engineered to express cytokines, adhesion molecules, constimulatory factors or
tumor associated antigens); Allione et al., Gene Therapy Weekly, p. 20 (January
1995) (mammary adenocarcinoma cells engineered to express IL-2, IL-4, IL-6, IL-
20 7, IL-10, TNFec, CMCSF); Hock et al., Gene Therapy Weekly, p. 22 (January
1995) (murine neuroblastoma expressing Class II MHC) (although this approach is -
thought to require direct cell-cell contact, shed MHC would be an

1mmunopotent1atmg molecule in accordance with the present mventmn)), and co-
expression in tumor derived cells of both an immunopotentiating molecule and a
25  suicide gene (Frost et al., WO 92/05262).

Overall, the following examples and data presented in the figures
demonstrate effectiveness of applidant‘s invention in a number of different
experimental situations. Whén a chamber containing tumor cells is used as a
vaccine (i.e. before tumor formation) it can be effective in preventing tumor

30 formation in as much as 100% of experimental animals. When implanted in the
presence of microtumor we demonstrate effectiveness in greater than 75% of the
animals tested. Finally, when combined with surgical resection of large tumors, |
implantation of devices prevented tumor regrowth in 60% of the implanted animals.



--15- nol ecul es are described in Frost et al., WO 92/05262. The use

of cytokines as a sophi sticated i mmune adj uvants is known in the art
and descwdeghbibyt Hought on and Lewis in "Active Speci fp@r,bmggtlherapy
i n Humans" Chapter 5 of "Cytokine | nduced Tunor | nmunogenity,” Eds. T

Forni, G et al. (1994). Colunbek, P.T., et 5 al . describe the
co-injection of irradiated tunor cells.gus GMC-SF contained in

m crocapsul es, as a cancer vaccine in a nurine nodel (Cancer Research, 53,
p. 5841- 5844 (Decenber 15, 1993)). I'n determ ning
protocol s including appropriate doses, one skilled in the art may
refer to the manyTakenl togéther, peveralcohslusipps canchit drpwinifeorhiahdsetata. | Fisstj t ut es
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| mruni zatd on. of Cancer tlenq‘% lﬂﬁ Aut ol o er Cells, l\/bdlfled

by I nserth on™BOTH ALOERHLG s mo %g ekly °i§av°qf‘-’igf"h'&’ﬂ}95§ in
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by " nscp Sl side e B, 6ok oSl Dol BONMACER cat B bl o 5.

A Rosenber geffectively tp geperate aa armélﬂrawnsnurp resmms@ Tumopgells in a.c)lambal | ot
Study of | mMargiphithimére Wfebtive than freé aﬂ&t&u@mZ%e'ﬁeﬁmg ithig umﬂuas'?é&gb eHLA- A2

ts with _Advanc Renal

Mat ched Renal .Ce no s in 20
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Ther apy 3, passﬁ‘xﬁéd ﬂﬁBthﬁsh@Qﬁ& fo 41i ephahcement afithe immainbgenicity ofl the eélisaibgi n- 2

Tr ansf ect edl\)g%lr&ﬁ @&3 l&éﬁgpﬁ‘h Sfe bayfs! Study in Patients with

Met astatic I"anona, erapy’ 4, p. 323-330 (1993); (v) Gene
Ther apy of CancerThe Hollowing exampres |are} romslertn fort ilbustrationolof asstveraldni xed

with 25 Al I
Pvestr gt or ifeks SR inelidd adt shoBld eolBE RERRAA Bhig iBSb Aot

(1994) (‘Mel A6 HYeNEYM | -

Example 1: Rodent Adenocarcinoma Model
Cell lines used: MCA-38 (a generous gift of Dr. Augusto Ochoa, NCI) is a
murine colon carcinoma which can be maintained in vivo or in vitro. For in vitro

20 maintenance, the cells were grown in RPMI (Sigma Chemical Company, St. Louis
MO) supplemented with 1mM HEPES, 1% non-essential amino acids, 1% L-
glutamine, 1% sodium pyruvate, 1% penicillin/streptomycin (Sigma), 0.1% B-
mercaptoethanol and 10% fetal bovine serum (Irvine Scientific, Irvine CA). Cells
were routinely passaged by trypsinization twice a week.

25 Anifpals used: For most experiments, female C57/B6 mice (Harlan Sprague
Dawley) were used. Where indicated, athymic mice (Harlan Sprague Dawley) were
used. All animals were mamtamed accordmg to standard procedures for care and
use of laboratory animals.

- Device: These studies utilized sonically sealed 4.5 ul or 20 pl ported

30 devices employing laminated membranes described above and in U.S, Patent
Application Serial No. 8/179,860. Devices were sterilized overnight in 70%
ethanol and then the ethanol was removed by three washes in sterile saline (Baxter
Scientific Products, Waukegan IL).



cel'l carcinoma, - breast, col on); (vi) A protocol was approved February 17,

1995 for col on cancer which conbines tunor cells plus fibroblasts

engi neered t weeoguieHs | L- 2 (San Diego Regional Cancer); RCIVUSPS/B8Iste |
St udy of Cytokine-Gene Modified 30 Aut ol ogous Neur obl astoma Cel |l s for
Treatment of Rel apsed/ Refractory ~Neur obl ast oma; Princi pal

I nvestigator: M K. Brenner; RAC Approval N8 -9206- 018; (viii) Phase
| Study of Non-replicating Autol ogous Tunmor Cell Injections Usi ng

Cells Prepared with or wi thout G anul ocyte-Mcrophage Col ony Stinulating

Factor Gene Transduction in Patients with Metastatic Renal Cell Carcinong;
WO 96/ 01611 Implantation of devices: For loading, MCA-38 cells were trypsinized,

PCT/ US95/ 08151  yashed and Eelletgd by centrifugation. Except where indicated, MCEALR cells were
Principal Investigator: J.

S . RAC A | ..No. .93Q3-.040:;..(i Ph I
Tri al of HEPEARS tp Iﬁtrgg%nl?mﬂ Gy %‘f@%ﬂ&x&?‘gf%dﬁg H argplgﬁe(ggn?rglei n
ﬁat i:e ntSS_ V\AI th ° lumendfahe ﬁéﬁlagt a<ing/a Hagsiloén mirgg.zfl’he ldrgérmdevicalwas oaied imgai or |
. F. Seiglery . i | - 0
Tr ansf ect gd ncé 7 E%lh 0 263'8 %%CF gg"&%ﬁs&a%ﬁ%fhﬁt‘ gi}lféeﬁt%{?lﬁg ﬁ@é‘é’ﬂlg@éﬁc 3 in
Limited- St age SngaugeGeedlelandgyringe. Theddemes port WAy cc_pmmwbzﬁkl%witbsﬂime apdant
Mel anoma Pat i ent ggwwwwihqﬁ@ "I remaini glsﬁsﬂ ok ragpﬂxalu%ﬂgqn G0Y% Sthanol.

Expressing Defin ogenej ¢ st oconpat | Ity ént 1.gens; Princi pal

| nvestigator T. ikhe Me%ésvls?s were washed thouglhthees changes ofosgline. Devicgs,were,j j )
Genetical ly Engi Bﬁ@é&ﬁl'l&!MDhmup?lIﬂﬁﬁ&d Wedescribed dBooe tid Meubkited at 370C until
Interleukin-2 fot_ the Treatnent of Metastatic Mel anomas; Princi pal

| nvesti gat or 10 3, ImMpPlantatiaq. "o o onpn:  RAC Application No. 9309-058. These
protocols are hereby The animals receiving implants were anaesthetized by intraperitoneal

injection of 0.2-0.3 ml of the mixture of 1 ml ketamine (Fort Dodge Laboratories,
Fort Dodge, Iowa) and 0.75 ml xylazine (Rugby Laboratories, Rockville Center,
New York) diluted into 1 ml of sterile saline. The abdominal area was swabbed
15  with betadine and a ventral midline incision was made. Using a hemostat a small
pocket subcutaneous was made on either side of the midline incision and one 4.5 pl
device was inserted into each pocket. Once the devices were inserted the incision
was closed using sterile staples and the abdominal area swabbed again with
betadine. When using the 20 i device, only one is inserted.
20 ~ Tumor challenge: At the indicated times the animals were challenged with an
. injection of unencapsulated MCA-38 cells. For challenges after implantation, 106
freshly trypsinized MCA-38 cells were diluted in 50 ul of sterile saline and injected
into the muscle of the right hind leg. In the case of rechallenge, the second injection
of 106 cells was made into the left hind leg and, where applicable, the third
25  injection of 106 cells was made into the right leg. For challenge at the time of
implant, animals were challenged with 103 free MCA-38 cells. Preliminary studies
have shown that as few as 500 free MCA-38 cells are sufficient for tumor
formation. | ' |
Histology: Upon completion of each expérim'ent, implanted devices were
30 recovered, fixed in glutaraldehyde, sectioned and analyzed by hematoxylin and
cosin staining for the presence of surviving tumor cells within the device using light
microscopy. .
- Survival of MCA-38 cells within immunoisolation devices: To assess the -

ability of MCA-38 to survive within the device in the absence of immune attack,



..ncorporated by reference in their entirety. See al so published PCT
application WD 93/ 07906 where a cancer therapy protocol is described

for cell 5?,8@% lsl ng IL-2 and PCT Application WO 94/ %@?@??%eﬁeg

protocol Tor "adm nistering allogenic 15 mel anoma cells s

(RAC Approval No. 9206-021) is described. One skilled.in the art wll
recogni ze that the sections therein reggéding patient sel ection,

dose, pretreatment eval uation, concurréfit "t herapy, and treatnent of

pot enti al toxicity are aII applicable here. Cenerally, the desired
dose is the nunmber of cells which will be effective to elicit a
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necessary to £o eSj.l € [ S

~ nunber . 01}/ fr@gm 5& é?@%%:ﬁ Q%ngﬂe g‘;ﬁ éﬁ'é%aa %pgtbq?&ﬁprogntpwnmn]

reducti on i nnumber oft dells doaded drito thendevice(i.e sgmeater nedrosis nedevices commaiting be

appar ent WtHP@célfsQMBéétcohaiﬁu{ggh usyveeks up to a few nonths. The

el imnation of netastases er to detect _ The i npl ant
may be left in th&sgl = : it a0cHnes Sypngengic

effect. For htsesenmme e s lﬁﬁtbﬂ'gnﬂlhlt%rdeﬁfcei eercmbmaidi@g 10@%&})& -38 Qen@ d (
o ol ol e Sl 3B oo b |
the patient 109 free MOAeB8xells hedmnbeﬂmbqvenrAsmhewn in Figure 3 @/8 ahimadls in f or
developrent S b fen CUEHeYiioR ol cTRABE e e o e GTBY™ 10"
WO 96/ 01611 animals developed tumors w1th1n ten days of the injection. Empty devices :
PCT/ US95{ 981 fdplanted into mice d1d not protect them against a subsequent challenge with free
MCA-38 cells.
Five of these animals received a second challenge of 106 cells 8-11 weeks
after the initial implant. In this case 4/5 of the implanted animals remained tumor
free at both implant sites; once again all of the control animals_developed tumors at
20  the injection site. One experimental animal did develop a tumor at the site of the
‘second injection, this animal was implanted with only one device.
Three of the animals that remained tumor free were given a third challenge
seven months after the devices were implanted. For two of the animals the
‘subcutaneous devices were removed before the tumor challenge was given, the
25  third animal was challenged with the devices remaining in place. The animal with
the devices remained tumor free after the third challenge while both of the animals
from which devices were removed developed tumor as did all the control animals
which had never received a device. However, while the animals which had their
devices remeved did develop tumors, they did so much more slowly than the
30 control animals. Controls developed tumor 10 days after the challenge. One of the
experimental animals developed tumor 25 days after the challenge and the second
developed tumor 36 days after the challenge. Histology of the removed devices
revealed that >90% of the cells were dead and that there was extenisive calcification
of the material inside of the device. However, there was evidence of a few




- 17- : irradiated cells may be adm nistered at the tinme of inplant

and readm ni stered again after a period of tine has el aped such that
the ori gi nal wregRiéiir adi ated cells were | i kel y destr oyegchypsbéosis:
patient's imune system approximately 2 to 6 weeks. |f, as in an

enbodi nent, continued viability of tunor cells is de5|red the inplant 5
devi ces may be excised and replaced with nesg.devices containing fresh tunor

cells i f necessary. Alternatively, the inplant may be enptied and
rel oaded, in place, wi t hout excision. The replacenent tunor cells may
be cells harvested at the tine of the original tunor resection and

frozen for | aterrenmning liveitellsoKhese tesnlts suggest shapghecdevice itsef dioesincttmediate 10
In the case of t 1
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engi neered to expy h@ame@waeﬁ é?@s@hée'cﬁth%sedew@égt'gens may be

created and then admnistered in accor ance W t Dr esent
i nvention. Exanpl es o leviees.gs r3faeallsiasa wmor therapy:Nnrapothesd 20
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ne or tec es we known 1 n
therapy fi el 13 ( Pihigh tmgnlyhy,lgmf t};ﬁﬁqnpraf&ﬁammais hadn gevelcl)ped a tungor at the
challenge site. These results suggest that the implantation of a device containing

tumor cells can delay or prevent the growth of tumors introduced at the time of
implantation.

20  Example 2: Canine Model
Animals Used: A dog in the Baxter animal facility (142-3) was identified

with several subcutaneous masses ranging in size from pinhead to about the size of

a quarter. Histological analysis diagnosed these masses as epithelial inclusions

cysts. A second dog (4008) was purchased from an outside vendor. This dog had

25 a mammary tumor approximately 10 cm in diameter that was biopsied and

- diagnosed as an intraductular mammary carcinoma.

Device: These studies utilized the sonically sealed 40 ul ported device

employing laminated membranes described above and in U.S. Patent Application

Serial No. 8/179,860. Devices were steril_ized overnight in 70% ethanol and then

30 the ethanol was removed by three washes in sterile saline (Baxter Scientific -

Products, Waukegan Illinois). | '

| Implantation of Devices: Dogs were anaesthes1zed by standard methods.
The area around the tumors was shaved. In the case of dog 142-3, the largest mass

was surgically excised and placed into sterile saline. The mass was cut into small



Vol . 5, p. 543-563). One comonly used t echni que for delivering extrinsic

DNA into cells involves the use of retroviral vectors. These vectors:
can i nf ecwologmogsi 30 percentages of the target cells and egpussi/sgasat e
into the cell genone. The retroviral vectors are constructed to be
replication-defective in selected cell |ines, and t herefore incapabl e
‘of infecting nontransduced cells. Oher2gi-ral vectors that have been

proposed or used for del | vering DNA into cells include adenovirus, adeno-
WD 96/ 01611

PCT/ US95/ 08151 N o o 18-
associ at ed vipiages usieg pexpajisrof surgioatisqisspisoTihe mincetipieqes wece/loaddd iatocthe
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adeno- associ E}ﬁﬁﬂ]nmsolamﬂhéﬁ& AFENOWS 80118 ofBaVirP Edch a6y %ﬁ@%@&ﬁ ugﬁﬁgh or ex

vi vo gene therapy, 'DNA, delivery into c S renpve e body
of the patiedtH Hamilton'syringe. Theggedle of His §y&ings aYas ipsepted dnterthg pert efithe have

been used or r?ama eﬁcedzefcemlem rempnéd intd theriamgn bﬂﬂkl&ﬁc@l\lﬁef biceqaﬁdrecseuﬂga exes,
ene un ecnn ue n e ore 1 Qn.. hder nost
o O ot o P et ik S oA sflel o™ gouge poeclihd SyRRES Tie Beios POt
vectors such ‘m cantpletely filled W&btsdlcgt)e and theyport wasicutn balfnUsingariemostat a
- integration | :
g g@sa%ck& Wae nﬁﬁe o BfiReFEside lar 'SR Sfr&'llli: %&m&% M famor RS oceur

transformati reciplient, ce rinsic
with very | of*P F’é‘ﬁ%éﬁ'ﬂ:?“e deyice V@é[&'@ﬁﬁ?%@“%fﬁ?ﬁp@ﬁ'@t&%\ of e dedessiwerens
ei ther viral igplafed) i Omde theddvists wmlinder_kbﬂ the incisionWdsidsed b steed and
nccor dand wiRABRRET e feiedaBein 3t WM © nani pul &t on of pri mary
tunor cells - Imde ¢msenf degéﬂO&eﬂSﬁmﬁ/ﬂletmhyr frigss whs surgivally eicisedy Gene
Therapy 5, Pyim/chumfidation of involved blood vessels. The incision was then sutured and a
baseline measurement of the remaining tumor was taken. The excised tumor was
cut open and several 0.5 cm diameter pieces removed at various depths. These
15  pieces were further minced using two pairs of surgical scissors. The minced pieces
were loaded into eight devices as described above. Four small- ventral
- subcutaneous incisions were made dorsal to the site from which the tumor had been
excised and two devices were inserted into each incision. The incisions were then
sutured and the abdominal area swabbed with betadine. |
20 Mgn_;mnggf_ammm The remaining masses in dog 142-3 were measured .
2 to 3 times a week. Measurements were taken in two dimensions and used to
calculate total surface area of each mass. Duplicate measurements were made by
two different technicians and the values were averaged for each time point.
Similarly, the tumor remaining in dog 4008 was measured three times a week in
25 two dimernsions. '

Following excision of the largest mass from dog 142-3 and insertion of the
devices containing tissue from the excised mass, two of the four remaining growths
showed a dramatic decrease in size (Figure 5) as determined by two independent
measurements. The other two, which were morphologically distinct, showed no

30 change in size. This decrease in size in the remaining masses occurred without any
additional manipulation of the animal.

The size of the remaining tumor in dog 4008 appeared to increase initially
but this was probably due to edema resulting from surgical trauma (note increase at



(1'9-94)). 15 The applicants' nmethod for prevention of cancer is

particul arly appropriate for patients at high risk for devel opnent of
tunors; for wwoesemierr t hose individual s identified by geRaINEs9s/0815]
screening to be at high risk for devel opment of tunors. As a t her apy

for patients diagnosed with cancer, applicant's therapy is especially
appropriate for patients who have undergon&successful tunor resection and
20 patients who are at high risk for the presence.of m cronetastases.

The chanber used in the present invention pr events direct cell to cell

cont act " between the cells of patient's imune systemand the cells in

the chanber. Theday 7, FiggiedDe ﬁﬂb%FQB‘Pf&MB?feé!as begn aysteadyflecreasein the size of fisr e
2) is a device C%maﬁhﬁn Nemb¥as determined |b§tho SO THF mdepenidént Mmedsueshelng with a

pol yester nmesh (2 nrca ether, with a port. (3) for
access to the lu %X?hnﬁ':%‘ﬁﬁtﬁﬁj‘i%yép"?& Pses a 5 [errIm PTFE
menbr ane manufactured by Gore, Flagstaff, Arizona, Product No. L31324
anda045[ r] Jueretal 3 ed by MIlipore, Bedford,
I\/assachusetts P%%IUEF‘?’ 0. SFLIROAT E&%ne end there is a polyester (PE
90 1D 0.034" bygdummsl WA-Ssols;ﬁemrmea@@e% SAFCINQTHR wlnelercmrbeof
the device for 381a34t8ﬁ9d Bvivs bof i vilde FEH FifroAsinRAande! fie &nsw@

device is descri copendi Hely i al _nunber. 8 79 60
filed January 11RPMIo(Sigmg Che cegsggrmaﬁg ﬁbgltr‘?%t“ﬁ@ﬁ supplemenifd ¥ é‘}‘ mﬁ
8/ 210, 068 fil ed BMPES 1%, noh9dentil Auinoasids, 1% Lsglutdirsse, h%/md'khnwnivhat 1%hi s
preferred deylce_has. th advant a I
enbodi nment s m tﬂﬁmﬁp& pPW@H?&&é&pg#pﬂ@rgéwéﬁpme lgaﬂgir ({%) ferd ‘4"%
96/ 01611 serum (Irvine Scientific, Irvine CA). Cells were routmely passaged by
PCT/ U895/ 08151 trypsinization twice a week. . -19-
Animals used: Female C57/B6 (Harlan Sprague Dawley) were used. All
animals were maintained according to standard procedures for care and use of
15 laboratory animals.

Immunoisolation Device: These studies utilized somcally sealed 4.5 ul

ported devices employing laminated membranes as described in co-pending U.S.

Patent Applications Serial Nos. 7/735,401 and 7/861,512. Devices were sterilized

overnight in 70% ethanol and then the ethanol was removed by three washes in
20 sterile saline (Baxter Scientific Products, Waukegan IL)

] Implantation of devices: For loading, MCA-38 cells were trypsinized,
washed, and pelleted by centrifugation. Except where indicated, 106 MCA-38 cells
were encapsulated into 4.5 pl ported devices by loading 3 pl of the pelleted cells
into the central lumen of the immunoisolation device using a Hamilton syringe.

25 ~ Whiere indicated, cells were exposed to 3500 Rads before loading. Devices
were sealed with a silicone plug laid down using a 23 gauge needle and syringe.
The device port was completely filled with silicone and the port was cut in half.
The remaining port was dipped briefly in 70% ethanol. The loaded devices were
washed through three changes of saline. Devices were placed in RPMI 1640

30 supplemented as described above and incubated at 37°C until implantation.
The animals receiving implants were anaesthetized by intraperitoneal
injection of 0.2-0.3 ml of the mixture of 1 mi ketamine and 0.75 ml rompum diluted
into 1 ml of sterile saline. The abdominal area was swabbed with betadine and a
ventral midline incision was made. Using a hemostat a small pocket was made on




-allograft tissue fromimmune rejection for extended periods (Carr-Brendel

et al., J. Cel lular Biochem 18A, p. 223 (1994) and Johnson et al.,
Cel | Tr anwo et on 3, p. 220 (1994)). FeTnesosasish
cont ai ni ng chanbers which those skilled in the art may find useful 5 in
the present invention include: Agarose mcrocapsules (lwata et al., J.

Bi oned. Mater. Res. 26, p. 967-97.7281992); ‘J. Bioact. and Conp.

Pol yners 3, p. 356-369 (1988), and Depuy et al., J. Bioned. Mater.
Res. 22, p. 1061-1070 (1988)); Hol | ow fi bers of XM6O (Wnn et al., J.
Bi omed. Mater. Res. 23, p. 31-44 (1989) and. Altman et al., Proc. of
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free irradiated tumor cells exterior to the devices. As shown in Flgure » none of
the five animals treated with irradiated cells both inside and outside of the device
20  developed tumor at in the first 90 days. On day 90 two of these animals were
challenged with 106 tumor cells, one of these two animals developed a tumor from
this challenge. All of the other animals have remained tumor free for > 150 days.
As illustrated in Figure 8, this treatment works best with the combination of
irradiated cells in the device and an injection of free irradiated cells outside of the
25  device. Although some protection is afforded by administering unirradiated tumor
cells in the device in combination with free irradiated cells, it is less effective than
administering irradiated cells in the device in combination with free irradiated cells.
Injection of free irradiated cells alone has no effect on tumor development.
When tumors were initiated in the dorsal subcutaneous space, implantation
30 of devices containing irradiated cells along with an injection of free irradiated cells
were able to rescue 60% of the treated animals (all of the untreated animals
developed tumor at the site where the original tumors were initiated) (Figure 9).



30- U.S. Patent No. 4,309,776, January 12, 1982) and Gaskill, U.S. Patent
No. 4,911, 717, March 27,1990); Cationic-anionic crosslinked menbranes,
e.Jg. ChW(Dmsﬂnd pol yaspartic or polyglutam c acid (Jar \RCT/USISB8151
Patent No. 4,803,168, February 7, 1989); Surface-conform ng bondi ng
bridge |ayer of a nultifunctional mat erial and sem per neabl e poI ymer

| ayer for cell encapsul ation (Cochrum ‘U.S.29.- WO 96/ 01611

PCT/ US95/ 08151 - _ -20 -

Pat ent No. 4, 696, 286, Septerrber 29, 1987); Vascul ar perfusion devices (Chick
et al., U.S. Patent No. 5 002, 661 Ivarch 26 1991); Macromer pol yner
encapsul ati on, CEsample#: Bévice iy bl 0 gon| gi nat e cross-|inked

m crocapsul es (Zekom 'aMCQ-@@GiEOJ me &loﬁ%a&%rﬁal%ﬁél? caﬁtﬂéer

5 menbr ane devi ces ., Fourt Bi omat ) )
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Vacanti in "Ti ssuypsinizationéwvicag weeks0 Sci ence, p. 920 (1993) In the event
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i mpl ant ed t utfbr umals WBWem piained pqeprding i St procediires for care and e o
laboratory animals.

Immunoisolation Device: These studies utilized the somcally sealed 4.5 ul
ported devices employing laminated membranes described in co-pending U.S.

Patent Application Serial Nos. 7/735,401 and 7/861,512. Devices were sterilized
15 overnight in 70% ethanol and then the ethanol was removed by three washes in
st.erile saline (Baxter Scientific Products, Waukegan IL)

Implantation of devices: For loading, MCA-38 cells were trypsinized,
washed and pelleted by centrifugation. Except where indicated, 106 MCA-38 cells
were encapsulated into 4.5 pl ported devices by loading 3 pl of the pelleted cells

20 into the central lumen of the immunoisolation device using a Hamilton syringe.
Devices were sealed with a silicone plug laid down using a 23 gauge needie and
syringe. The device port was completely filled with silicone and the port was cut in
half. The remaining port was dipped briefly in 70% ethanol. The loaded devices
were washed through three changes of saline. Devices were placed in RPMI 1640

25 supplemented as described above and incubated at 37°C until implantation.

The animals receiving implants were anaesthetized by intraperitoneal
injection of 0.2-0.3 ml of the mixture of 1 ml ketamine and 0.75 ml rompum diluted
into 1 ml of sterile saline. The abdominal area was swabbed with betadine and a
ventral midline incision was made. Using a hemostat a small pocket was made on

30 either side of the midline incision and one device was inserted into each pocket.
Once the devices were inserted the incision was closed using sterile staples and the
abdominal area swabbed again with betadine.

" Tumor challenge: To initiate tumors, animals were injected with 105 free
MCA-38 cells 3-7 days before implantation. Injections were made into the dorsal



15 the art will understand that the perneability of such chanbers may be
altered wi t hout changi ng the basic design of such chanbers.
Fur t her mwe 96/018¢1 appl i cants believe that other devices, nopciRgdsgaIad here
may be used in the invention if they have the property of housing inplanted °
cells in such a way as to prevent direct contact of graft cells and
host immune cells, and 20 all ow the rghease of the subcellular antigenic
material that stimulates the patient ‘i mmune response. \Wile applicants
have not isolated or characterized the subcel lul ar material which
causes the patient inmune response, they believe it to i ncl ude
i nmunogeni ¢ subataneeass space. | Ryeliminaghstudies have shawmethaf asofiewtasS00 diree MOAd
tunmor cells A0k 865t IBNioRNt | gens, not just tunor associated
25 antlgensya%ﬁts |sfft2ﬁ%)1tfgbt to recr u?t hi gh nunbers of-. rracrophage and
antigen pr es eI NGURIY HOL ECULELEMRUDHIE Nl 39 _eells asiad tamornhanced
imruhne I eSpoitsfapv for & hwins h ? h mtdxﬁéﬁﬁgmﬁ@ ecul e,
such as a_cytokiln en est e | n spqnse at,  the site.
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monitored for redevelopment of tumor at the original tumor site. As shown in

Figure 11, all of the control animals (without implants) redeveloped tumor at the

original tumior site within thirty days of the surgery. While two of the animals with

implants also redeveloped tumor, three did not and have remained tumor free for

15  >180days. The differences between these groups are highly significant (p<0.05).

Example 5: Rodent Melanoma Model
Cell Jines used: B16 is a murine melanoma wmch can be maintained in vivo
or in vitro. For in vitro maintenance, the cells were grown in RPMI (Sigma
20 Chemical Company, St. Louis MO) supplemented with ImM HEPES, 1%
nonessential amino acids, 1% L-glutamine, 1% sodium pyruvate, 1% penicillin/
streptomycin (Sigma ), 0.1 % P-mercaptoethanol and 10% fetal bovine serum
(Irvine Scientific, Irvine CA). Cells were routlnely passaged by trypslmzanon
twice a week. -
25 Animals used: Female C57/B6 were used. All animals were mamtamed
according to standard procedures for care and use of laboratory animals.
Immunoisolation Device: These studies utilized the sonically sealed 4.5 ul
employing laminated membranes described in ‘co-pending U.S. Patent Application
‘Serial Nos. 7/735,401 and 7/861,512. Devices were sterilized overnight in 70%
30 ‘ethanol and then the ethanol was removed by three washes in sterile saline (Baxter
Scientific Products, Waunkegan IL).
Implantatjon of devices: For loadlng, B16 cells were trypsinized, washed
and pelleted by centrifugation. Except where indicated, 106 B16 celis were
encapsulated into 4.5 pl ported devices by loading 3 pl of the pelleted cells into the



interfere with production of any cytokines engineered into the cells. In

applicant's invention it is not always necessary to irradiate the
cant ai ned cewo9smikithough even when irradi ated cells ar eraIBshsOBESY
| i kely remain present as inmmunogens in the chanber for periods of

time Ionger than the free irradiated cells.of the prior art. 5
Applicant's use of a chanber offers the safgty of sequestering the tunor

cells so that, unlike the prior art, free tunor cells need not be
i ntroduced into pat i ents. Moreover, in a preferred enbodi nent using
the preferred chanber, the chanber itself acts as an adjuvant for the
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vaccine (i.e. before or mat ective In preven

tumor 30 for mat MbnThecells reqeived 35 Badscfrgra aicabalt 0 sguicaal s When
inplanted in the Tumor challenge: Four weeks after the implantation of devices, animals

20 were challenged with an injection of unirradiated B16 cells. For challenge 5 x 105
freshly trypsinized B16 cells were diluted in 50 pl of sterile saline and injected into
the muscle of the right hind leg. Preliminary studies have shown that 104 free B16
cells are sufficient for tumor formation.

25 tumor vaccine: The protocol for this experiment is outlmed in Figure 12 bneﬂy,
animals were treated in a first round with either devices containing unirradiated B16
cells or by injection of free, irradiated B16 cells. All of these animals developed
tumor after challenge with 5 x 104 B16 cells. The tumors from both groups of
animals were surgically excised, chopped up into approximately 1 mm?2 pieces and

30 loaded into 4.5 pl devices. A third set of devices was also prepared containing
cultured unirradiated B16 cells. These three sets of devices were implanted into a
second set of naive animals and all three groups also received an injection of free,
irradiated cultured B16 cells; control animals received no treatment. The animals
were challenged with cultured B16 cells four weeks later. As shown in Figure 13,



-presence of mcrotunor we denonstrate effectiveness in greater than 75% of

t he animal s tested. Finally, when conbined with surgical resection of

| arge t unwiosséo1611 | NPl antation of devices prevented tunor m@% n 60%
of the inplanted ani mals. WO 96/ 01611 fish :
PCT/ US95/ 08151 -22 -

Taken t oget her, several concl usions carljge drawn fromthese data. First,
when review ng all the exanples, one can conclude that although cure is not
achieved in 100% of the animals, it is neverthel ess better to have a
chanber than - not. At worst, the tunors develop nore slowy, at best,
the ani mal s rmwmfﬂdewaﬂmualsnﬁununlmdmmdemce@cm@mmgmbﬁu Eﬁ/ﬁhﬁﬁlstum)rs

Kl enc er than
e cant ol | Attty bplhalio é“?"r@?ﬁt%&mae B gerﬁ%b? i ng the
chanber, t unuaftes ghallenge.t Thus, thestumor celipusedite immunized thebwaives snimals were
ef fecti vel y (ot BEARAEREs Bt Ate] el ke d e&?&%ﬁtﬁm\;ﬁlﬂ@mﬁ ge dho 2

tCE?rsTble;muﬁe rtggﬁ'% Qé’goaé‘ﬁﬁfs];f ‘g@&g@éﬁel 2 re&rﬁwﬁmm@w Isto be

more ef f ect i wehithhave beenrsybieet tosevalitions such as amslsgﬁeﬁumﬂatmw delisSardue to

an enhancerre eB'fto ?%sémrb%%@fnﬁlabfﬁm%htstﬂseﬁc@l | s due to irradiation

i nduced changes”in Bt ol 1 owi ng exanpl es are

provided for illustration of several enbodi mrents of the invention and
shoul d not  beexaftpfs @ 'Rejdet Naribd Tiknb9 t he scope of 15 the invention.
10 Cell lipes used: C570v is a murine tumor which can be maintained in vivo .

or in vitro. It was identified in the laboratory in an- animal given an L.V. injection of
B16 cells (5 x 109). Histological examination suggests that it was not B16 derived.

For in vitro maintenance, the cells were grown in RPMI (Sigma Chemical
Company, St. Louis MO) supplemented with ImM HEPES, 1% non-essential

15 amino acids, 1% L-glutamine, 1% sodium pyruvate, 1% penicillin/streptomycin
(Sigma), 0. 1 % P-mercaptoethanol and 10% fetal bovine serum (Irvine Scientific,
Irvine CA). Cells were routinely passaged by ;rypsinizhtion twice a week.

Animals used: Female C57/B6 were used. All animals were maintained
according to standard procedures for care and use of laboratory animals.

20 W These studies utilized the sonically sealed 4.5 i

- employing laminated membranes described in co-pending U.S. Patent Application
Serial Nos. 7/735,401 and 7/861,512. Devices were sterilized ovemight in 70%
ethanol and then the ethanol was removed by three washes in sterile saline (Baxter
Scientific Products, Waukegan IL).

25 Implantation of devices: For loading, C570v cells were trypsinized, washed
and pelleted by centrifugation. Except where indicated, 106 C57ov cells were
encapsulated into 4.5 ul ported devices by loading 3 ul of the pelieted cells into the

" central lumen of the immunoisolation device using a Hamilton syringe. Devices
were sealed with a silicone plug laid down using a 23 gauge needle and syringe.

30  The device port was completely filled with silicone and the port was cut in half.
The remaining port was dipped bneﬂy in 70% ethanol. The loaded devices were
washed through three changes of saline. Devices were placed in RPMI 1640
supplemented as described above and incubated at 37°C until implantation.



Exanpl e 1: Rodent Adenocar gi noma Mdel Cell lines used: MCA-38
(a generous gift of Dr. Augusto Cchoa, NCI) is a muri ne col on

carci noma wwaobégmint be mai ntained in vivo or in vitro. For inpeI/uses/@is1

mai nt enance, the cells were grown in RPM (Si gma  -Cheni cal Conpany, St..

Loui s : MO suppl.emented with 1M HEPES, 1% non-essential am no acids,
1% L- gl utam ne, 1% sodi um pyruvate,33% peniciltin/streptomycin
(Sigm), 0.1%[err]- mer capt oet hanol and 10% fetal bovi ne serum
(Irvine Scientific, Irvine CA). Cells were routinely passaged by
trypsinization twice a week. 25 ' Ani mal s used: For nost

experi nents, femal e (B8it/ BémalscreceiMing impl@pisayere anaesthetizedl by jintrapesitoneal .
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et hanol and t he©richthecdevioes wemsmmcbgomwmmgﬂag sterilesstapi¢s andtbd i ne
(Baxter - S%b&&hhﬁé}eﬂm%&égmrmﬁﬁ%é L). WO 96/ 01611

PCT/ US95/ 08151
| npl ant ation of devi deige cellss At the P@Wr@P@W@&W@@'@ with

implanted dev1ces were also given an injection of 10 free irradiated cultured C57ov
10 cells at the site of the challenge. For irradiation the cells were prepared as described
above for loading. The cells were suspended at a concentration of 106 cells in 50
ul. The cells received 3500-4000 Rads from a cobalt -60 source.
Tumor challenge: Four weeks after the implantation of devices, animals
were challenged with an injection of unirradiated C57ov cells. For challenge 5 x
15 104 freshly trypsinized C570v cells were diluted in S0 pl of sterile saline and
injected into the muscle of the right hind leg. Preliminary studies have shown that
103 free C570v cells are sufficient for tumor formation.

Animals were 1mplanted w1th two devices each containing 106 irradiated C57ov
20 cells. At the time of implantation the animals also revieved an injection of 106
irradiated C57ov cells. The animals were challenged with C570v four weeks later.
* The results are shown in figure 14, 60% of the animals have remained tumor free
for > 30 days.

25

While the present invention has been described in terms of specific methods
and devices, it is understood that variations and modifications will occur to those
skilled in the art upon consideration of the present invention.

30 * Numerous modifications and variations in the invention as described in the
 above illustrative examples are expected to occur to those skilled in the art and
consequently only such limitations as appear in the appended claims are to be placed
thereon. Accordingly, it is intended in the appended claims to cover all such
equivalent variations which come within the scope of the invention as claimed.



washed and pell eted by centrifugati on. Except where indicated, MCA-38 cells

wer e encapsul ated into 4.5 [err]| ported devices by Ioading 106 cells
in 3 [erkdodidiksa t he central lunen of the device usi g%) giton
- syringe. The larger device way twadespy iAs ge O[err] cells |n [err]l.
- Devices were sealed wth a si icone,-'.;phugcggi d ﬁo u5| ng a 23 gauge
needl e and syringe. The devi c&=pert 7 ind

the port was cut in half. The remaining port was d| pped _
et hanol . The | oaded devi ces were washed through t @ﬂg“m 3“"
saline. Devices were placed in RPM 1640 suppl erre

above and i ncuaamsd at 37[err]Cuntil 10 inplantation— -—- :

animals receiving inplants were anaesthetized by intraperi toneal
injection of 0.2-0.3 m of the mxture of 1 nl ketam ne (Fort Dodge

Laboratori es, 1. FoAn ibaplgmtable dleaice forl tie. preventionybratreaimeniRof)bancer
‘Laboratoriesg xﬁﬁ%ﬁgé”e Center, New York) diluted into 1 m of
sterile saline abdom nal area was swabbed 15 w th betadi ne and a

ventral mdline i (i si &himplanighlechamber¢oniainingdumer Qﬁlls,rrat |somatic celhs)cket

subcut aneousﬂ\égﬁedﬂwﬁa Preé hitRkist Dhél Gntdfent Béire¥pOhding tb@ﬁh 4.5
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case of rech l\seq@epat{eﬂbug@ggﬁ&e f@?ﬂ?“ﬁﬂngm"g e boundagy. | s was made |nto
the left hind | eg and, where appllcable t he thlrd 25 injection of 106
cells was made ingo th h t.he tinme of
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are sufficient for tunor fornatlon Hi st ol ogy: Upon
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i ght f-571955,30Y4, IL-6, IL-10, IL-12, IFN-y, TNF, TGF-8 or a tumor antigen.

20

4.  The device of Claim 2 wherein said source is liposomes containing
immunopotentiating molecules.

5. The device of Claim 2 wherein said source is microcapsules
25  containing immunopotentiating molecules.

6. The device of Claim 2 wherein said source is somatic cells also
contained in said chamber which have been engineered to express and secrete
immunopotentiating molecules. |

30

7. The device of Claim 1 wherein said tumor cells have been

engineered to express and secrete immunopotentiating molecules.
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Survival of MCA-38 cells within i munoisol ation devices: To assess the
ability of MCA-38 to survive within the device in the absence of imune
att ack, WO 98/3696/ 01611 THIS SHEET HAS BEEN || PCT/US95/08151

PCT/ US95/ 08151 - -24 -
: LACED
10[err] or 10[err] cells were enc £h i [err]| devices and
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anal yzed for the presence of living tissue. MCA- 38 cél s did"sufvivVe
within the device. In all cases there was a substantial 5 _ _ necrotic area
in the center of the &evi cEhddevieraf any peespdiagclrimcwhergin)gaid tymes eells are

al ong the periphgaple. The width of the necrotic area depended upon the
initial nunber of cells loaded into the device (i.e. greater necrosis
in devi ces contai ning 106 cells than those containing 10[err] cells).
Use of devices cont ai%i.ng Therde3@eaflahy onsofClhimot to/Awberem sak) ngwreells 416
C57/B6 m ce }ge e‘ﬁl{]” &ggeﬁ with two devices each containing 106 MCA-38
cells or ree our weeks. These aninals wefe then chal enged

with an injection of 106 free MCA-38 cells as described above. As
shown in Figure 3, 0/ fp.ani T 8evick of any orde/\Sf CHRAS i1 B WhélMEd AP BifndrEDES at
the chall enge site ile all .of the control. ani mal s devel oped tunors

within ten days tvePern imadiated; on. Enpty devices 15 inplanted into mce did
not protect them agai nst a subsedquent challenge with free

10 11.  The device of Claim 1 wherein the tumor cells are autologous.
12.  The device of Claim 1 wherein the tumor cells are allogeneic.

13.  The device of Claim 1 wherein the tumor cells are from an allogeneic
15  wmor cell line. '

14.  An implantable device according to any preceding claim, in
combination with administrable second tumor cells, which are nontumorigenic and

not contained in the chamber.
20
15.  The device of Claim 14 wherein the and tumor cells are autologous.
16. The device of Claim 14 wherein the second tumor cells are
allogeneic. '
25 ‘

17. . The dewce of Clalm 14 wherein the second tumor cells are from an
allogeneic tumor cell line.

18.  The device of Claim 14 wherein at least some of said second tumor
30 cells are engineered to express and secrete immunopotentiating molecules.

19. The device of Claim 14 wherein the second tumor cells are
nontumorous human cells engineered to express at least one antigen corresponding
to antigen of the patient's tumor cells.
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-MCA- 38 cel |l s. Five of these animals received a second
chal l enge of 10[err] cells 8-11 weeks after the initial inplant. In

this casewédbromirt he i npl anted ani mal s renmai ned tunor . PCT/USOs/d1500t h
i mpl ant sites; once_again all of the control aninals developed tunors at 20

the injection sitel L& sBERPHA EN llani mal  di d -devetep—atunor at the site
of the secongd 1 Nj e;%s gg NI's anibgyg_ was inp ' one
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given a third chal |l enge seven nonths after t Veer e

i mpl anted. For two of the aninmals the subcut aneous devi ces were
renmoved before the tunor chall enge was given, the 25 third ani nal was

chal l enged with t devj . LB ' . ' Wit t he
devi ces remai ned. P%Orh)r pEgck pErdihg o %‘ﬁioslga.og%?%gﬁlﬁWbﬁmﬂ’&Bﬁ“ﬁmt he

ani mal s cejlp are amethind deprevent opireat aqanesrdy agatient cpmprisingwontamotows al |
the control afinidh @Hs enginectdd t6Rxprash 41 F4SY orleYRAEAMFCHR: \ﬁdgq Vitla While
t he ani nmal_s whi.ch, had t%eﬂ'ﬁr devi ces rem)\g/ed di (siﬂglev |86Ht? noo?g, t hey
did so much RHMENSHPOGYSan the 30 control animals. Controls devel oped
tunor 10 days after the challenge. One of the - experinental aninmals

devel oped tunor 2 ay t . con devel oped

tunor 36 days a_ftglrl.qt h?@% cgﬁ?lﬁﬁ?‘%(% g'ﬂggy?%gd bﬁ@"ﬁ@f’%\?i‘&%\?ﬂ%@m

_ reveal ed t hatmesptieligl cells epithelial\gells, endetheliall celisithephtocytesamyeblasts sirve

cal cificati orfjproblasts.Of the material inside of the device. However, there

was evidence of a few WO 96/ 01611 _

PCT/ US95/188151 - 25 - {
22.  The device of any preceding claim wherein the chamber comprises

microcapsules, hollow fibers, ultrafiltration membrane chamber, membrane
diffusion chamber, or vascular perfusion device.

15 . 23.  The device of any preceding claim wherein said chamber includes
port means for providing access to the chamber.

24.  Use in the manufacture of an implantable device, comprising a

chamber having a porous wall to provide, in use, a porous boundary which

20  prevents patient immune cells from passing through the boundary whilst permitting

subcellular antigenic material to pass through the boundary, of cells contained in the

chamber and incapable of passing through the boundary for the purpose of treating

or preventing cancer in a patient, the cells being tumor cells having at least one

antigen corresponding to antigen of the patient's tumor cells, nontumorous human

25 cells engineered to express at least one antigen corresponding to antigen of a

patient's tumor cells, or other somatic cells engineering to express at least one
antigen corresponding to antigen of a patient's tumor cells.

25.  Use according to Claim 24 for the purpose of treating or preventing
30 asolid tumor, a metastatic tumor or leukemic cancer.

26.  Use according to Claim 24 for the purpose of treating or preventing
lymphoma, melanoma, colon carcinoma, mammary carcinoma, lung carcinoma,
fibrosarcoma, renal carcinoma or neuroblastoma. ‘
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remaining live cells. These results suggest that the device itself does not

medi at e the anti-tunor effect since the animals whose devices were
renmoved di dyi@besiRYE! OP tunors at the sane rate as contgEingsdshgiss had
never been inplanted with devices. At - the sanme time, the device

appears to be necessary to maintain the inmmunol ogical 5 protection

agai nst the tunor;. while tunors appear nore slowty in ani mals whose

devi ces are renoved, there appears to be fAg f4ng-termimunity in ani mals
whi ch had been-inplanted with device in the absence of those devices.
Use of devices containing MCA-38 cells as a tunor therapy: In another
series of experinents, animals were challenged with free MCA-38 cells at
the time 10 -of inplant of devices coFMGURE dg MCA-38 cells. In this case,

the animals were . challenged with 10[err] free tunor cells. In one
experinment we were able to significantly delay the tinme of tunor
formation (Figure 4) p= 0.036. In this xperi nment one ani nal was
tunor free at tinme ofmwsacrifice at day 32. I ngp second experi ment,

all of the animals hout devi
which time only ladQedf the ip
chal l enge-site. THés®res

eS had devel opgd tunor. by day 16 at 15
. |mals£ad developed a tunor at the
N a devi ce

cont ai ni ng 1@ cel ; | N RF\t unor s
introduced at the i of - on. ni ne Mbdel
Animals Used: A dgd sy the K Y B m B aci Lirahn( 1454 3R T gkntified
‘with several subcyfaggous nj i A g# [ about the
si ze of a qudraer. H asses as
epithelial inclusiongm _ ased from
an outside vendor. TRis doy Y 7 ary tugor apprOX| mately 10 cmin
di aneter that was biopsied 2 d' NS manmary
car ci noma. Devi ce™ Taese @%ug' es uti 31 zed the {dnical y seal ed
40 [err]| ported device ‘errpgooyi S & nat edgnenbr anes scri bed above
and in U S Patent Applicatige _ B = & No. 179, 860. ices were
sterilized overnight in 70% th‘a.'nsl amj‘.‘.?t Ben 30 &he ethan s renoved by
three washes in sterile sali ngteEﬁcEentlflci-
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Products, Waukegan Illinois). | mpl antati on of Devices: Dogs
wer e anaest hesi zed by standard net hods. The area around the tunors
was shaved P’ case of dog 142-3, the | argest mass PGRUSSOBYilcal | y
exci sed anav% YUSH into steri le saline. The mass was cut into small

WO 96/ 01611 . : .

PCT/ US95/ 08151 ' -26 -

pi eces using two pairs of surgical sci ss@r/s14The minced pieces were | oaded.
into the i mmunoi sol-ati on device as follows: 80 [err]| of gravity
-settled tissue was taken up into a Ham | ton syringe. The needl e of
the .syringe was inserted into the port of the device and the contents

.enptied into the lunen of the device. Devices were sealed 5 wth a
silicone plug laid down using a 23 gaugfIGUREI22 and syringe. The device

port was conpletely filled with silicone and the port was cut in
hal'f. Using a henostat a smal | pocket was nmade on either side of the
site fromwhich the tunmor was expl anted and one device was inserted
into each pocket (a total of two devices were i mpl ant ed) . _Qage the

devices were inserted the incision was closed and sut urgda I Llo—the
abdomenal = area swabbed again w th betadi ne. he case of dog
4008 -95% of the tunor al 7L Y W th cauterization
of involved bl ood vessels. FxYtY sutured and a

basel i ne neasurenment of the renpi _ /, The excised tunor
was cut open and seveLe##9. 5 cm'd_i, e pi eces renoved at various

dept hs. These 15 pi ecea®meT e furtb 2@ ced usi ng two pairs of surgical

sci ssors. The mninced % >




were | oaded into ei ght devices as descri bed above. Four small ventral
subcut aneous %eé?SI ons were nmade dorsal to the site fromwhich the tunor
had” been €44 and two. devices were inserted into eachpriissd/ais
The incisions were then sutured and the abdom nal area swabbed w tlh
bet adi ne. 20 -Moni toring of animals: The remai ning nasses in dog
142- 3 were neasured 2 to 3 tines Measurenents were taken in
two di nensions and used to cal cul %tzeﬂot al surface area of each nass.
Dupl i cate neasurenents were made by . two different technicians and the
val ues were averaged for each tinme point. Simlarly, the tunor

remai ni ng in dog 4008 was neasured three tines a week in 25 two

di mensi ons. Fol | owi ng dXEUREGh of the |argest mass from dog
142-3 and insertion of the devices containing tissue fromthe excised

mass, two of the fogé#@ﬁ tic decrease in
size (Figure 5) as erm nﬁmﬁmwﬁ asurenents. The -
other two, which were nor phol ogiFREEMCA-IRGHdS showed no 30  change in

size. This decrease in size in the remal n| ng masses occurred w thout any
addi ti onal . mani pul ati on of the aninal. The size of the

remai ni ng tumwwfl S
was probabl y| Bxperimente ddmplanteduwith Revices hTwuerdhalidnge 1 au pRuwporChallenge2cade at

WO 96/ 01611 Containing MCA-38 Cells | No. mice with tumor | No. mice with tumor
PCT/ US95/ 081{5 hotal No. mice hotal No? fnice

I ' + 0/4 13
. 4/4 4/4
n + 0/4 02
. 4/4 44




déy 7, Figure 6). Subsequently there has been a steady decrease in the size

of the remai ni ng tunor as determ ned by two sets of independent
nmeasur enent s W 01611 sonme | eveling out at >30 days post surRER/JS9S/0815
Exanple 3: Small Pre-Existing Tunors . Cell lines used: MCA-38
is a murine colon carcinoma which can be ~ maintained in- vivo or in
vitro. For in vitro nmmintenance, the cells were grown in. RPM (Sigma
Chem cal Conpany, St. Louis MO supplenentéhlﬂﬂth I mvi HEPES, 1%

non-essential am no acids, 1% L-glutam ne, 1% sodi um pyruvate, 1% 10
penicillin / streptonmycin (Sigma), 0.1 % P-nercaptoethanol and 10% f et al
bovi ne serum (lrvine Scientific, Irvine CA). Cells were routinely
passaged by typsinization twi ce a 4 Ani mal s used:
Femal e C57/B6 (Harl an Sprague Daw ey) ed. All ani-mal s were
mai nt ai ned according to standard procedures for care and use of 15

| aborat ory ani mal s. | MeMIMOR FORMATION/i ce: These studi es

utilized sonically sealed 4, npl oyi ng

| am nat ed nmenbranes as descr W@%A Wogm@atent
Applications Serial Nos. .7/735,401 and 7/861 512. Devices were sterilized
overnight in 70% et hanol and then the ethanol was renpved by three washes
in 20 sterile saline (Baxter Scientific Products, Waukegan IL)

| mpl ant ati on of devices: For |oading, MCA-38 cells were trypsinized,
washed, and pelleted by centrifugation. Except where indicated, 106 MCA-38

cells were encapsul ated into 4.5 [err]|l ported devices by |oading 3
[err]] of the pelleted cells into the central |unmen of the
i mrunoi sol ati on device using a Ham I ton syringe. 25 VWher e

i ndicated, cells were exposed to 3500 Rads before | oading. Devices
were sealed with a sglg qone plug | aid down using a 23 gauge ‘needl e and

syringe. The devicg port m?é gonpletely filled wgth silicone and the
port was cut in half The remai ning port was di pped briefly in 70%
et hanol . The.Ioaded evijces were washed t hrough three changes of
sal i ne. Devi ces pg ced in RPM 1640 30 supplenegted as descri bed
above and |ncubat§g ét J7[err]Cuntil inplantation.
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The animals receiving inplants were anaesthetized by intraperitoneal
injection of 0.2-0.3 mM of the mxture of I mM ketamne and 0.75 m ronpum

di lruted WaoEosihi of sterile saline. The abdoni nal area veereyRREaY
wi th betadine and a ventral mdline incision was nade. Using a
henostat a snmall pocket was nmade on - WO 96/ 01611 .

PCT/ US95/ 08151 -28 -

either side of the midline incision andShd4device was inserted into-.each
pocket . Once the devices were inserted the incision was closed using
sterile staples and the abdomi nal area swabbed again wi th betadine.

Injection of free irradiated cells: At the tine of inplant sone
experinental 5 animals were al sORGURE S%an injection of free irradi ated

tumor cells. For irradiation the cells were prepared as. descri bed
above for | oading. The [e t concentration of 106
cells in 50 m. ‘gll'he celsi&bgmaﬁﬁam 3 cobalt -60 -
source. 106 cells were injected. . Tunmor chal | enge: For
initiating tunors before inplant, animals were 10 injected with 10[err]
free MCA-38 cells 3-7 days before inplantation. Injections were made
either by intrainuscular injection into the right hind leg or into the

dor sal Bqut aneous space. Prelimnary studi es have shown that as few

38 cells are sufficient for tunor formation. In the
followi ng implant, the second injection
1ind | eg. 15 - Treatnment of pre-existing

with 10[err] free —0— MASS 1
-9 MASS 2

as 500 free MCA-
case of a second
was made into th
tunors: Ani mal%'sﬁ
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tunmor cells three days before inplantation. At tine of inplant they

recei ved two devi ces containing irradi ated MCA-38 cells and were al so
gi ven an i nj S¥@PERI6EE 106 free irradiated tumor cells expEFigsobfs;t he
devices. As shown in Figure 7, none of the five animals treated wth

irradiated cells both inside and outside of the device 20 devel oped tunor
at in the first 90 days. On day 90 two of these animals were
chal lenged with 10[err] tunor cells, one oB{Adse two animals devel oped a-

tumor from this challenge. Al of the other animals have renai ned
tunmor free for > 150 days. As illustrated in Figure 8, this treatnent
wor ks best with the conbi nati on of irradiated cells in the device and
an injection of free irradiated cells outside of the 25 devi ce. Al though
sone protection is afforded by adm RIGURE6Ng unirradi ated tunpr cells
in the device in conbination with free irradiated cells, it is |less
effective than - admini stering irradiated cells in the device in

conbi nation with free i 3§¥dhﬂﬂﬂ§11nﬂORIN Bn of free irradiated

cells alone has no effect on tunor devel opnent. When tunors
were initiated in the dorsal subcutaneous space, inplantation 30 of

devi ces containinq irradiated cells along with an injection of free
irradiated cells- were able to rescue 60% of the treated animals (all

of the untreated ahimals devel oped tunor at the site where the
original tunors weye initiated) (Figure 9). WO 96/ 01611
PCT/ US95/ 08151 -29 -

Exanpl e 4: Device [Ther apy er Tunor Resection

TUMOR AREA (SQ IN)
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Cell lines used: MCA-38 is a nurine colon carcinoma which can be

mai ntained in vivo or in vitro. For in vitro maintenance, the cells were
grown in wo $¥A611( Si gma Cheni cal Conpany, St.  Louis M) sumUTASYS08S1
with InmM 5 HEPES, 1% non-essential am no acids, 1% L-glutamne, 1%

sodi um pyruvate, 1% penicillin/streptonycin (Sigm), 0.1% .

P- mer capt oet hanol and 10% fetal bovi ne serum (lrvine Scientific,
Irvine CA). Cells were routinely passagded/ g trypsinization twice a
week. _ Ani mal s used: Fenmal e C57/B6 (Harlan Sprague Dawl ey) were
used. All 10 aninmals were naintai neggeRE #i Ng to standard procedures for
care and use’ of | aboratory ani mal s. - I'munoi sol ation
Devi ce: These studies utili ZBHEIB)assmaaIMQm(eaM'«IS)a 5 [err]l ported

devi ces enpl oyi ng | am nated nmenbranes descri bed in co-pending U.S.
Pat ent Application Serial Nos. 7/35,401 and 7/861,512. Devices were
sterilized 15 overnight in 70% et hanol and then the ethanol was renoved

by three washes in sterile saline (Baxter Scientific Products,
Waukegan 1L) | mpl ant ati on of devices: For |oading, MCA-38
cells were trypsinized, washed and pelleted by centrifugation. Except
where indicated, 106 MCA-38 cells E e encapsul ated into 4.5 [err]|
ported devices by loading 3 [err]| of @he E% emed cells 20 into the
central lunmen of the immnoisol ation e;v&c g a Ham | ton syringe.

Devi ces were sealed with a silicone pldg I domn using a 23 gauge needle
and syringe. The device port wasllagnifi®&ely filled with silicone and
the port was cut in hal f. The refgan rt was dipped briefly in
70% et hanol . The | oaded devi ces =€ d t hrough three changes of
saline. Devices were placed in RPM 164082 pplenented as descri bed
above and incubated at 37[err]C until &ngl t&on. The
animal s receiving inplants were anaest@Ee®i 2e |ntraper|toneal

injection of 0.2-0.3 m of the mi xtuge=of tamne and 0.75 m ronmpum
di | uted into 1 m of sterile si i g'hp gbdoni nal area was swabbed
with betadine and a ventral mdline inc S|on was made. Using a
henostat a small pocket was made on 30 ~ either side of the mdline

i nci sion and one device was inserted into each pocket. Once the

devices were inserted the incision was closed using sterileﬁ%taples and the

abdom nal area swabbed again with betadine. T -
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sTunmor chal l enge: To initiate tunors,

animals were injected with 10[err] ,
free MCA-38 cells 3-7 days before inplantation. Injections were nade
into the dg;&@?kmsu WO 96/ 01611 _ PCT/US95/08151
PCT/ US95/ 0

-30 -
subcut aneous space. Prelimnary studies have shown that as few as 500 free

MCA- 38 cells are sufficient for tunor formation. Use of
i mrunoi sol ati on devi ces contai ning MCA83814el|s as a tunor t her apy
for treatnent follow ng tunor resection: The protocol for this experinent
is 5

outlined in Figure 10. BrieffigURB8als were injected with 10[err]
cells in the dorsal subcut aneous space and nonitored until

pal pabl e
tunors were observed. On dapRE-EXISTINGTAIMORGSI3A¥XE) e surgically renpved
fromall of the animals. Half of the aninmals (n=5) received no
further treatnment. The other half (n=5) were inplanted with two o
devi ces each containing 106 unirradiated MCA-38 cells. The devices were 10
i npl ant ed subcut aneously on the ventral side. Both groups of aninals were
nmoni tored for redevel opnent of tunor at the original tunor site.

As shown
in Figure 11, all of the control animals (w thout inplants)
redevel oped tunor at the original tunor site @thin thirty days of
the surgery. Wiile two of the animals with i ants al so redevel oped
tunor, three did not and have remmined tunor free Pgi 15 >180 days. The
di fferences between these groups are highly signifi&@nt (p<0.05).
Exanpl e 5: Rodent Ml anona Model

INIRRADIATED O

CONTROL n=3
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NONHRRADIATED
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IRRADIATED
INNOUT n=5
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Cell lines used: B 16 is a nurine nelanoma which can be maintained in vivo
or in vitro. For in vitro maintenance, the cells were grown in RPM (Sigma
20. Chem calweo¢pmny, St. Louis MO) supplenented with | niv HEFﬁ(?mggog)omﬂ
nonessential am no acids, 1% L-glutam ne, 1% sodi um pyruvate, 1% -
penicillin/ streptomycin (Sigma ), 0.1 % P-nercaptoethanol and 10%
fetal bovine serum (Irvine Scientific, Irvine CA). Cells were
routinely passaged by trypsinization O/ 14ice a week. 25

Ani mal s used: Fenale C57/B6 were used. Al animals were maintained
according to standard procedures for ExgugRBM9d use of |aboratory ani mals.

| mmunoi sol ati on Device: These studies utilized the sonically sealed 4.5

[err]] enpl oyi ng |IRRE-EXISTINGDORSAIsSQaUMOBAE DAYSP- pending U. S.
Pat ent Application - Serial Nos. 7/735,401 and 7/861,512. Devices were
sterilized overnight in 70% 30 et hanol and then the ethanol was renoved
by three washes in sterile saline (Baxter Scientific Products, :
Waukegan IL). : | mpl ant ation of devices: For loading, B 16 cells
were trypsini zed, washed and pelleted by centrifugation. Except where
indicated, 10[err] B16 cells were encapsul ated into 4.5 [err]| ported
devices by loading 3 [err]l of the pelleted ceM sminto the W
96101611 _ : ] .| p
PCT/ US95/ 08151 - 3P -31 -
central |unmen of the immnoisolation device fhgga Hamilton syringe.
Devi ces were sealed with a silicone pl gagd down using a 23 gauge
needl e and syri nge. < E
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,The device port was conpletely filled with silicone and the port was cut in
halt The remai ni ng port was di pped briefly in 70% et hanol. The | oaded
devi ces were 6§%gh‘owashed t hrough three changes of saline. DRITASISHESL

placed in »ar suppl ement ed as descri bed above and i ncubated at
37C until inplantation. ' The animals receiving inplants were
anaest heti zed by intraperitoneal injection of 0.2-0.3 m of the
‘mixture of 1 nl ketanine and 0.75 ml ri@pdeh di |l ut ed into 1 m of

sterile saline. The abdom nal area was swabbed with betadine and a 10
ventral mdline incision was made. gygiyRE dohenostat a snmall pocket was made
on either side of the mdline incision and one device was inserted
into each pocket. %MGﬁR@wmmanSed the incision was
closed using sterile staples and the abdom nal area swabbed again

wi th bet adi ne. ' : Injection of free irradiated cells: At the time
of inplant all animals with 15 inplanted devices were al so given an
injection of 106 free irradiated cultured B16 cells at the site of
the challenge. For irradiation the cells were prepared as descri bed

above for |oading. The cells were suspended at a concentration of 106 cells
in 50 m . The cells recei veglFB@D- 4000 Rads from a cobalt -60 source.

Turmor chal | enge: Four weeks afteffthextnplantation of devices, animals 20
were challenged with an injectiof

8l adi ated B 16 cell's. For challenge

5 x 10[err] freshly trypsi @ S8 cells were diluted in 50 [err]l

of sterile saline and injected i NNggd# e nuscle of the right hind |eg.
Prelimnary studi es have shown that 10[err] e Bl16 cells are
sufficient for tunor formation. Use of imunoi sol ati on devices

containing in vivo derived tunor tissue as a 25 tunor vaccine: The

protocol for this experiment is outlined imliﬂﬂEE;Fy, briefly,
animals were treated in a first round with either devic cont ai ni ng

unirradi ated B 16 cells or by injection of free, ikradiated Bl16
cells. Al of these animals devel oped tunor after allenge with 5 x
10[err] B16 cells. The tunors from both groups of aNi mal s were
surgically excised, chopped up into. approximately 1 nmierr\ pieces and 30
| oaded into 4.5 [err]|l devices. Athird set of devices was\al so prepared

cont ai ni ng cultured unirradiated B 16 cells. These thyee sets of
devices were inplanted into a second set nai ve ani nals an I
three groups al so received an injection of free i rrad\ated | ur ed

B 16 cells; control animals received no treatngnt. The ani nal




wer e challenged with cultured B 16 cells four weeks later. As shown in

Fi gure 13, WO 96/ 01611 _

PCT/ US95/ 081w 96/01611 PCPRISIS/08151
one of three aninals imuni zed wi th devices containing tunor grown up in
animals . treated only by injection of free irradiated cells remai ned
tunor free for > 140 days after chal I enge Thus, the tunor cells
used to i munized the naive animals wer® not cultured cells but-

rather they were cells subject to ew‘glv\hlle grow ng up in 5 t he
first round of aninmals. These data i t hat chanbers contai ni ng tunor

Cumor cells, are F?E&Wﬁ&FWﬁ’M‘S&%@%%S%EBT oo "

i nvention. Exanpl e 6: Rodent Ovarian Tunor : Cell lines
used: C57o0v.is a nurine tunor which can be nmaintai ned in vivo or in
vitro. It was identified in the |aboratory in an animal given an |I.V.

i njection of B 16 cells (5 x 105). Histol ogi cal -exam nati on suggests
that it was not B 16 deri ved. For in vi.tro mai ntenance, the cells
were grown in RPM (Sigma Chem cal Conmpany, St. Louis M)

suppl enented with | M HEPES, 1% non-essential 15 amno acids, 1%

L-gl utam ne, 1% sodi um pyruvate, 186 penicillin/streptonycin (Sigm),

0. 1% P- ner capt oet hanol and 10% fetg@ bovi negserum (Irvine Scientific,
Irvine CA). Cells were routinely p ssa@d bE tryp5| nization twce a week
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2 . . .

Ani mal s used: Female C57/B6 were used. Al animls were naintained
according to standard procedures for care and use of |aboratory aninmals. 20
| nmunoi sol at iwo9élaéice: These studies utilized the sonically sqepeehshsisi

[err]l enpl oyi ng | ani nat ed nenbranes described in co-pending U S.
‘Patent Application Serial Nos. 7/735,401 and 7/861,512. Devices were
sterilized overnight in 70% et hanol and then the ethanol was renoved
by three washes in.sterile saline (Baxtet2/14 Scientific Products,
Waukegan IL). 25 | mpl ant ati on of devices: For |oading, C57ov
cells were trypsinized, washed anqggglleted by.centrifugation. Except
where indicated, 10[err] C57ov cells F& 12 encapsul ated into 4.5

[err]] ported devices by Ioaﬂ@pgpfghgééb#%géﬁégﬁgag ted cells into the
central -l umen of the i nmmunoi m | ton syringe.

Devi ces were sealed with a silicone plug laid down using a 23 gauge
needl e and syringe. 30 . The device port was conpletely filled with

silicone and the port was cut in half. The renmai ning port was di pped

briefly in 70% et hanol. The | oaded devifges¥were washed through three
changes of saline. Devices were placedjiin RPM 1640 suppl enment ed as
descri bed above and incubated at 37[erfRC until inplantation. WO

96/ 01611
PCT/ US95/ 08131
The aninmals receiving inplants were [anaeql heti zed By intraperitoneal
injection of 0.2-0.3 m of the m xt ' I'm ketamine and 0.75 m fonpum

di |l uted into 1 mM of sterile sali ne™ The abd¢m nal area was swyabbed
with betadi ne and a
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véntral m dl i ne incision was nmade. Using a henpstat a small pocket was nade
on 5 either side of the mdline incision and one device was inserted
into each p Once the devices were inserted the in

cl osed u5|naﬁéterﬁie staples and the abdom nal area swa g@hggﬂgiﬁ

wi th bet adi ne. Injection of free irradiated cells: At the tinme
of inplant all animals with i npl ant ed devices were al so given an
injection of 106 free irradiated cul tur ov 10 cells at the site of
the challenge. For irradiation the cells were prepared as descri bed

above for |oading. The cells were su$@§@€€g at a concentration of 10[err]
cells in 50 - [err]l. The cells 8 3500- 4000 Rads from a cobalt

-60 source. Tunor eks after the inplantation
of devices, aninmals  TREA MEDARGNIRN of unirradiated
10[err]| f

TRAENTE s
C57ov cells. For challenge 5 x 15 reshly trypsinized C57ov cells
were diluted in 50 [err,]l of sterile saline and injected into the

nmuscle of the right hind leg. Prelimnary studi es have shown that

10[err] free C570v cells are sufficient for tunor formation.

Use of imunoi sol ati on devi ces nt ai ngghg C570v as a tunor vacci ne:
Animal s were inplanted with two Hevi ceg each containing 10[err] irradiated

C570v 20 cells. At the tine ofii | ad ati on the animal s al so revi eved an
i njection of 106 i rradiat 70%= cel | The aninmal s were chal | enged
is are shown in figure 14, 60%

with C57ov four weeks later. rg The§§$U|
-of the animals have remained tu fre @ for > 30 days. 25

Wil e the present invention has g&n d i md i terms of speci fic met hods
and devices, it is .understood t uuggr oﬁg ang nodifications will occur
to those skilled in the ar Eﬁ sieler &i on of the present

i nvention. 30 Numer ou

n
i @S d variations in the
i Ig ust@®ati ve exanpl es are

S a ard consequently only
€ E

ende al are to be placed
'E?tﬁ E%p

ehded clains to cover al

i nvention as described in the )
expected to occur to those skil

such limtations as appear in phtdggg
thereon. Accordingly, it is inte d
such '

b
[
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edhivalent vari ations which cone within the scope of the invention as

cl ai med. : CLAI M5 1. An i npl ant deV|ce for enhanC|ng
t he i Mmunogewapd/gi60f t unor ceI | s conpri sing: osAs1s i d
tunmor cells; and (b) wall means defi ni ng a é%anber for

hol ding the tumor cells, the wall neans including a porous boundary between
i mmine cells of a host manmmal and the contained tunor cells, and wherein
the wall neans includes an interior surfddef 44fi ni ng the chanber for

hol ding the tunor cells and an exterior surface defining an interface with
the manmalian tissue, the interior sugﬁggﬁEf ficient to isolate the tunor
cells fromthe cellular inmune respon He host tissue, the exterior
surface having a confornation ¢§ﬁ)a of vascul ar structures by
the manmalian tissue close to bu 3tb2§§§P§ﬂ@*§$?y into the .interface;
(c) wherein the porosity of the boundary being sufficient to permt

subcel lular antigenic material to pass through the boundary while
preventing the contained cells and mammal i an i mune ceIIs from passi ng

t hrough the boundary a -l
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2. *° The inplant device of Claim1 further conprising a source of

|lmrunopot entiating nol ecul es contained in said chanberr— 3. The
i npl ant device of C aim2 wherein said immunopotentia e
selected fromthe group consisting of |y ot oxi n, H!Mw@ﬁgmumn
inhibitory factor (MF), GWCSF, IL-1, |L¥Z] IL-3, I L 10>
IL-12, IFN-g, TNF, TGF-b and a tunor antigen. : The i npl ant
device of Caim2 wherein said source is |iposones cont al ni ng

i munopot ent i at¢HYMB-ecul es. 5. The inplant device of Claim 2

wherein said source is mcrocapsul es containing i munopotentiating

nol ecul es. - 35- 6.

The inplant device of O dMmimplantreviee &fi enhapeipg dhe dmswnegenicitier timarseplls

contained in sy dﬁ p‘oer whi ch have been engineered to express and secrete
nmole

i nmunopot enti atin cul es. )
(a) said tumor cells; and

(b) wall means defining a chamber for holding the tumor cells,

' the wall means including a porous boundary between immune cells of a host mammal

and the contained tumor cells, and wherein the wall means includes an interior surface

defining the chamber for holding the tumor cells and an exterior surface defining an

interface with the mammalian tissue, the interior surface sufficient to isolate the tumor

cells from the cellular immune response of the host tissue, the exterior surface having

a conformation which allows growth of vascular structures by the mammalian tissue

close to but not substantially into the interface;

(c) wherein the porosity of the boundary being sufficient to permit

subcellular antigenic material to pass through the boundary while preventing the
contained cells and mammalian immune cells from passing through the boundary.

2. The implant device of Claim 1 further comprising a source of
immunopotentiating molecules contained in said chamber.

3. The implant device of Claim 2 wherein said immunopotentiating
molecules are selected from the group consisting of lymphotoxin, macrophage
migration inhibitory factor (MIF), GM-CSF, IL-1, IL-2, IL-3, IL4, IL-6, IL-I0, IL-12,
IFN-g, TNF, TGF-b and a tumor antigen.

4. The implant device of Claim 2 wherein said source is liposomes
containing immunopotentiating molecules.

5. The implant device of Claim 2 wherein said source is ﬁ*licrocapsules
containing immunopotentiating molecules.
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7.7 The i npl ant device of Claim2 wherein said source is said tunor cells
lhi ch have been engi neered to express and secrete i nmunopotentiating

mol ecul es. 8. The i npl ant device of Ca mﬂ | b t unor
cells are capable of proliferation. 9. Hmm mﬂumﬁm e of

Claim1 wherein said tunor cells have beerm3¥endered hont urtor Mgeni cx

10. The i nplant device of Gaim1l wherein said tunor cells have been
i rradi at ed. 11. An_inpl ant device for enhancing the immunogenicity
of adnini stered sorftic Fhe impland dpyice pfglaim 2 wherein said source s somaticseelis also

cel | s engi neer : S ; ' r ongdl to antigen
o turmor col | & paihect b 8ot ek Attt Hive Mok Yt et R Bl i Horitia
chanber for hdmmungpeiestiatingemplecules. s, the wal | means including a porous
boundary between the host mammal's i mmune cells and the contained somatic
cells, wherein the wall nmeans includes an interior surface defining the
chanber for hol di ngZ-t he Benimplantdevics ofiGthimr2 wherein said sourtadesale tumomnegelisn

interface w tht. i a0 interior surface suffi.cient t
: sol ate the sgﬂrrli{ | EWSH %ﬁﬁﬁ‘g‘%%{ﬁ??ﬁsaﬂﬁﬁﬁﬂﬁﬁ% "P'E'gﬂ?y‘?é%"tﬁtm? ﬁréolecu?es.
manmal i an tissue, the exterior surface having a conforrr:at I on whibch al | ows

rowm h of vascul ar structures, by the lian tissue close to but not
gubst antially into the ﬁneelpvfp}iagé,dewce of Claim wmer%le)sa!mgm ﬁe'ﬁsrn%'erfepalalg of
boundary per migreliferatio®l | ul ar antigenic material to exit the chamber, and
wherein the boundary prevents contact between contained cells and host
manmmal | mune cel | s.

9. The implant device of Claim 1 wherein said tumor cells have been

rendered nontumorigenic.

10.  The implant device of Claim 1 wherein said tumor cells have been
irradiated.

11.  An implant device for enhancing the immunogenicity of administered
somatic cells comprising:

(a) said somatic cells engineered to express at least one antigen
corresponding to antigen of tumor cells in a host mammal;

(b) wall means defining a chamber for holding the somatic cells, the wall
means including a porous boundary between the host mammal’s immune cells and the
contained somatic cells, wherein the wall means includes an interior surface defining
the chamber for holding the somatic cells and an exterior surface defining an interface
with the mammalian issue, the interior surface sufficient to isolate the somatic cells
from the cellular immune response of the mammalian tissue, the exterior surface
having a conformation which allows growth of vascular structures by the mammalian
tissue close to but not substantially into the interface;

(c) wherein thc porous boundary permits subcellular antigenic material
to exit the chamber, and wherein the boundary prevents contact between contained
cells and host mammal immune cells.
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- 36- 12. The inplant of Claim1l wherein the chanber includes port
{neans for provi di ng access to the chanber. 13. The inplant device
of laim1, the wall neans including a port nenbﬁ“,ﬂﬂﬂll“ﬂ”“ﬂm access to
t he chanber. 14. The i npl ant de_ééce of |1 means

I ncluding a port menber for providing acc®ss to the chdnblr.s * 15.
Use in the manufacture of an inplantable device, conprising a chanber
havi ng a porous wall to_provide, .in use, a porous boundary which prevents
patient inmune cel 1% fr B8 fRiantgf Glaimol wherein theochambey inglides: Posbmeans farg
subcel I ul ar  aibiigmgl 4ccB®d & thalchbmbeass through the boundary, of cells
contained in the chanber and incapabl e of passing through the boundary for
t he purpose of treating or preventing cancer in a patient, the cells being
tunmor cells havin t | ' r i at i _
At ent s tumor celTs, R ol BROIR ) (iE Walltealls ity ] 48t Horicly

| east one antfogprevising acoess &p thg echamber.i gen of a patient's tunor cells, or
ot her somatic cells engineering to express at |east one antigen
corresponding to antigen of a patient's tunor cells.
14. The implant device of Claim 11, the wall means including a port

member for providing access to the chamber.

15.  Useinthe manufacture of an implantable device, comprising a chamber
having a porous wall to provide, in use, a porous boundary which prevents patient
immune cells from passing through the boundary whilst permitting subcellular antigenic
material to pass through the boundary, of cells contained in the chamber and
incapable of passing through the boundary for the purpose of treating or preventing
cancer in a patient, the cells being tumor cells having at least one antigen
comresponding to antigen of the patient's tumor cells, nontumorous human cells
engineered to express at least one antigen corresponding to antigen of a patient’s
tumor cells, or other somatic cells engineering to express at least one antigen
corresponding to antigen of a patient’s tumor cells.

16. Use according to Claim 15 for the purpose of treating or preventing
a solid fumor, a metastatic tumor or leukemic cancer.

17. Use according to Claim 15 for the purpose of treating or preventing
lymphoma, melanoma, colon carcinoma, mammary carcinoma, lung carcinoma,
fibrosarcoma, renal carcinoma or neuroblastoma.
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) .
16. Usé' accerding to Claim15 for the purpose of trea]t‘?%)gl}' ghsxenting a
solid tunpor, a_netastatic tunmor or | eukem c cancer. Use

accordi ng to ORGTlS for tWéW’f?%ﬁmg&qPﬁg{PW“ﬁﬂ'evenu No4 phoma,

nmel anoma, _col on ci nonm,
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