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VECTORS FOR THE DI AGNCSI S AND TREATMENT OF SOLI D TUMORS

| NCLUDI NG MELANOVA This application is a continuation-in-part
5 application of United States Patent Application Serial No. 08/ 486, 422
filed June 7, 1995, which is incorporated by reference herein inits
entirety. 1. FI ELD OF THE | NVENTI ON 10 The present
invention is coWOIABE with the i sol ati on and use of supcRCHYRI&LR50,/ e,

t unor - specific, attenuated strains of.-parasites including, but not
limted to, bacteria,_ fungi %Oﬁﬁoﬂ%tm Pﬁkﬁmﬁ%ﬁ ﬁl@nbodl ment s t he
parasites include the bactE=Egs i ; o
typhi murium the bacterium l\/ycobact erium avi um and the pr ot ozoan

Lei shnani a amazonensi s, for the diagnosis and treatnment of sarconas,
carci nomas and ot her sol Teig @ppiicatiemder 8. copt grpgsdornbedPaiint s, the

present | nventscupplicatlﬁﬂmﬁmgdew s&’aﬂcése Patehetigpliendigsesdfial No.
super-j nfecti ve,OSZﬁ1 %UHBE éﬁe% fil ci Sui cdlg% g n _CosnOt{I%l:Q'ngrasééd”“bns of

paraS|-tes Y Gitation
or identificati o?ﬁf(ﬂreaw h@f@meﬁéeltfh entigesyion 2 of this application
shall not be construed as an 25 adm ssion that such reference is avail abl e

as prior art to tlle prgﬁrgpt( o%nﬁgti@élg A major problemin
t he chenot herapy of S0l the delivery of therapeutic
agents, such ¥& drugs, The) pyesenti ineridonehsrernasrsedovitdiheat e t unor
cells while 30 aisdlag@isanEnd ivdR BENLEDSH GfdaNREE, (tamdeL BPécLeld,s. Thus,

attenuated strains of parasites including, but not limited

to, bacteria, fungi and protists. In certain embodiments the
parasites include the bacterium Salmonella spp., such as

15 Salmonella typhimurium, the bacterium Mycobacterium avium,
and the protozoan Leishmania amazonensis, for the diagnosis
and treatment of sarcomas, carcinomas, and other solid tumor
cancers. In other embodiments, the present invention is
concerned with the isolation and use of super-infective,

20 tumor-specific, suicide gene-containing strains of parasites.

2. BACRGROUND OF THE INVENTION

Citation or identification of any reference in

Section 2 of this application shall not be construed as an
25 admission that such reference is available as prior art to
the present invention.

A major problem in the chemotherapy of solid tumor
cancers is the delivery of therapeutic agents, such as drugs,
in sufficient concentrations to eradicate tumor cells while

30 at the same time wminimizing damage to normal cells. Thus,
studies in many laboratories are directed toward the design
of biological delivery systems, such as antibodies,

} cytokines, and viruses for targeted delivery of drugs, pro-
drug converting enzymes, and/or genes into tumor cells.
35 Houghton and Colt, 1993, New Perspectives in Cancer Diagnosis
4 and Management 1: 65-70; de Palazzo,et al., 1992a, Cell.
Immunol. 142:338-347; de Palazzo et al., 1992b, Cancer Res.
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studies in many | aboratories are directed toward the design of

bi ol ogi cal delivery systens, such as anti bodi es, cyt oki nes, and viruses

for targeted delivery of drugs, pro- drug converting enzynes, and/or

genes into tunor cells. 35 Houghton and Colt, 1993, New Perspectives in

Cancer Di agnosi s and Managenent 1: 65-70; de Pal azzo,et al., 1992a,

Cel | . | munol . 142: 338-347; de Pal azzo et al., 1992b, Cancer Res.

52: 5713-5719; WA%6d9238 et al ., 1993a, J. |nmunotherapy  13: RGHUSER0250)\s| ner

et al., 1993b, J. Imunol. 151:2877-2886; Adans et al., 1993, Cancer Res.

53: 4026- 4034; Fa¥RperS738-5719; Welgwy, PASED J 19232845 JOWYNORBAERRY et al .,

égglé8gm£20| 5 15:1Emdaftslai€ﬂneﬁ4ietsagal , 1943091 7, ﬂ:&aﬂnolAnnsml:Xmml 5;ﬁci .
; - ; Se t ; [ 0%,185, 390-.402, rdyi ch et

al .. 1992; o) Rt e a1 [P | YRR 533 é%%g%feht' gf"f‘?yfg 2,315

| munol . 152: 180229®1 FASERsT ortt €846-3p49; 18pgger| at |2l Re LI muHBNoL .

10: 195-217; St af fod#lr ar:8h-54 1BeHRA3, eCaarer 1888, A 4026- 4634, $@ber et

al ., 1992, Ann. f . d. . 86757365+ X ; , DaodN. 2% JACad.
Sci. ~ 667: 365-%%%{"28&_ %%’erS%c} Is}%oé%éf %9(9%' IF\‘Et ué%lag%g:%%%'%%é\l%zéar ver
and Rossi, 1993, Wumndsrlichest M ¢ A998n FREFovir GEdR. LaP.48854872:1%R%e and
Friedmann, 1993, cé¢irge) etDat., Qvdad I idnuddin71%2708041isadnaRastdd%EE, Mol .

Genetic Med. 3:1-32; Glb d Smith 994, e [ neki cs

10: 139- 144; Sai B 199% .&‘,’&?93@?,"'0?}%‘%% °]}ze§.%‘%§5é§%- %fg%ﬁl % 3

1994, Bl 0030833 3%0328468; Rag \idg 4686 a£034 /1 Sigher Bthcdy- \RA§925 ATy G- Y-

%65; Li g gg 3a|2bAcal&9‘hcg$Cis&ﬂpﬁtsZ@;i¢1§6ﬁag@9,: 1:slszetA1@¢L ,N.lt99$caag Mmmant |Gen?
era . - ' er al ., 00 . 2 : e

e Y0s.  Cancere Hog Redts, faser and KnoddelOlony AR 3E] e B3,

bi ospecificity, SacrexnypsdeReseioullP93, ARDE Raseprgh| & limam BehpeviiTessigent s

to tunors. Howevefas3la87; Levine and Friedmann, 1993, Am. J. Dis. Child

15 147:1167-1176; Priedmann, 1993, Mol. Genetic Med. 3:1-32;
Gilboa and Smith, 1994, Trends in Genetics 10:139-144; Saito
et al., 1994, Cancer Res. 54:3516-3520; Li et al., 1994,
Blood 83:3403-3408; Vieweg et al., 1994, Cancer Res. 54:1760-
1765; Lin et al., 1994, Science 265:666-669; Lu et al., 19%4,
20 Human Gene Therapy 5:203-208; Gansbacher et al., 1992, Blood
80:2817-2825; Gastl et al., 1992, Cancer Res. 52:6229-6236.
Because of their biospecificity, such systems could
in theory deliver therapeutic agents to tumors. However, it
has become apparent that numerous barriers exist in the
25 delivery of therapeutic agents to solid tumors that may
compromise the effectiveness of antibodies, cytokines, and
viruses as delivery systems. Jéin, 1994, Scientific American
7:58-65 (Jain). For example, in order for chemotherapeutic
agents to eradicate metastatic tumor cells, they must
30 a) travel to the tumors via the vasculature;
b) extravasate from the small blood vessels supplying
the tumor;
c) traverse through the tumor matrix to reach those
. tumor cells distal to the blood supply; and
3s d) interact effectively with the target tumor cells
(adherence, invasion, pro-drug activation, etc).

<
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has beconme apparent that nunerous barriers exist in the 25 delivery of

therapeutic agents to solid tunors that may conprom se the effectiveness
of antibodi es, cytokines, and viruses as delivery systens. Jain, 1994,
Scientific American 7:58-65 (Jain). For exanple, in order for

chenot her apeuti c agents to eradicate netastatic tunor cells, they nust
30 a) travel to the tunors via the vascul ature; b)
extravasate frd¥@2/48238nmal | bl ood vessel s suppl yi ng PCT/USQ6H8250 unor ;
c) traverse through the tunor matrix to reach those t unor

cell's distal to the bl oo@lthppgly;antidodbes and giruseateramexpsreectivel y

W th the target ghsiCHeledgnition sites f&ﬁcﬁiﬁf&nééllé NvasdyOolarepr o- dr ug
activati on, etc

A though ant | bolFRPASRE FoRELECRI, Wik FREses 6 SHEFTEITR ARt FPTTFEiTos
for tunor cellsintéoedemte regchethran sibeel y Aqsonding fordd®:of diffusion

and convectiom in ordem Qgéﬁ@%éthﬁégtﬁé§§%an6€99ré'éﬂl: tig dain: 5

An agent that destroys cangers_c cul.ture di sh shoul d,
in thgor y, be able ul€uz ‘Slos}k s:hf’ugﬁ'cﬁ"'bé:lhlegr?'h Phe&HSay .

Sadly, however, the existhion§ill such cells jghatheabogwei a- has not mar ked| y
reduced 10 theggaq?erh@,)‘,e@qat Qﬁe%mngy t he nost

comon solid tunors in ad }1 4 SaNCcers of the lung,
breast, col on, aﬁ?Wﬁ%p 8§t’%ﬁ% markgdhy af§duced et ore a

bl ood- borne &0ug can begltrillet pumbenc deaths caused by the most
common solid tumors in adults, among them

cancers of the lung, breast, colon,
rectum, prostate, and brain.... Before a
blood-borne drug can begin to attack

15 malignant cells in a tumor, it must

accomplish three critical tasks. It has
to make its way into a microscopic blood
vessel lying near malignant cells in the
tumor, exit from the vessel into the

20 surrounding matrix (the interstitium),

and finally, migrate through the matrix
to the cells. Unfortunately, tumors
often develop in ways that hinder each of
these steps.

25 Jain points out that blood vessels supplying tumors are
irregular and convoluted in shape so that blood flow is
frequently restricted compared to that in normally
vascularized tissue. In addition, there is an unusually high
interstitial pressure in many tumors that counteracts the

30 blood flow. Jain further points out that the two chief
forces governing the transport of agents to tumor cells via
the circulatory system are convection (the transport of

{ molecules by a stream of flowing fluid), and diffusion (the
movement of molecules from an area of high concentration to
35 an area of low concentration). Since tumors are often non-
’ uniformly vascularized, many cells in the tumors receive
nutrients through the process of diffusion through the
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15 mal i gnant cells in a tunor, it nust acconplish

three critical tasks. It has to make its way into a

m croscopi ¢ bl ood vessel lying near malignant cells in the
tunor, exit fromthe vessel into the 20 surrounding matrix (the
interstitiunm,. and finally, mgrate through the matrix

to the cells. Unfortunately, tunors of ten devel 0 |n ma s t hat
hi nder each of WO 96/40238 these steps. 25 Jain points out B4t

vessel s supplying tunmors are i rregul ar and convoluted in shape so that

bl ood flow is matréguendain rasst covorkensoppspteed dlatisasugaesivingatppt "a
vascul ari zed t | s6481nhBual S 1ol Ribiondl WEBEEY Kabigh a molecular
interstitial pressu S upt.eracts the

R T

Jain further poi'fit ver ni ng
transport of agentsifornunencergirasionan a thworithat amsyrg@g!@n are

convection (t hftc{]eren%@aee& O raqaile! £546H BY B154d QPR LhOWdGehkuid),

and diffusion novenent of nol ecules froman area of high
concentration to 35 an area of Iom1concentrat|on) Since tunors are often
non- uni form y vascul ar2 zed BACTER S 8 _ANDNEANCERCei ve nutrients

t hrough the process Of,diiJé5¥d¥ﬁ tﬁﬁéﬁgﬁléigﬁd cancer, an hlstorlcal review
-3- _ naérlx. % go obtained d aP estlng t hat
"a  continuousl|3FVER ﬁl?eﬁu$hﬁﬁmﬂ ofi }n%ﬁ#; ?rﬁi &“nﬁ tﬂ A Rei ght
of 150, 000 dalé ovexec@epdrtedk e eegrass monpasients aidih bagtenidbrm
concentration 'rﬂﬂ% EﬂgBﬁsEr“ﬁadE%a§Er§ﬁ On®s3 , CRAtA MRidal Nseakt itavaied had
no bl ood supply n St cent
:1-102, (Suppl 276) state:
The treatment of cancer by injections of
bacterial products is based on the fact
15 that for over two hundred years neoplasms

have been observed to regress following

acute infections, principally
streptococcal. If these cases were not
too far advanced and the infections were
20 of sufficient severity or duration, the
tumors completely disappeared and the
patients remained free from recurrence.
Shear, 1950, J. A.M.A. 142:383-390 (Shear), observed that 75%
of the spontaneocus remissions in untreated leukemia in the
25 Children’s Hospital in Boston occurred following an acute
episode of bacterial infection. Shear stated:
Are pathogenic and non-pathogenic
organisme one of Nature’s controls of
microscopic foci of malignant disease,
30 and in making progress in the control of
infectious diseases, are we removing one
of Nature’s controls of cancer?
Subsequent evidence from a number of research
laboratories indicated that at least some of the anti-cancer
35 effects are mediated through stimulation of the host immune
system, resulting in enhanced immuno-rejection of the cancer
cells. For example, release of the lipopolysaccharide (LPS)
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2.1. BACTERI AL | NFECTI ONS AND CANCER Regar di ng bacteria and
cancer, an historical review reveal s a nunber of clinical observations in
whi ch cancers 10 were reported to regress in patients with bacteri al
infections. Nauts et al., 1953, Acta Medi ca. Scandi navi ca 145: 1-102,

(Suppl. 276) state: The treatnent of cancer by injections of
bacterial products is based on the fact 15 that for over two
hundred years n&UpIo4LRE have been observed to r8gFE¥E/10250
fol |l ow ng acute infections, principally

strept ococcal . Iénddstﬁsﬂncbyee‘,rmrrﬁagwhve bacteria such cas fsalmadedleed and

t he infections g?%}s relea se o tthu?hBUhQéxedylsS?X@Eéiy 'I‘NF dgyaééﬂrg

tunmors conpl etel eare remal ned ree
from rqcurrence he }S??é'all“““YQSOSYSJteM REgh am pagEsp %es('sr’?é*éll?t Fber-ved
that 75% of theyspEuianeeusess 80-83i.0NElévatied TRAt bevdlaukantaran the 25

Children's Hospy Eﬁlti%heB%SEQEcQ&é"H{ eYebRl AP M @Qdaf%%] ionsCRhEGHe Of

bacteri,al infection ogeni c an
non- pakhogeni ¢ culminate in phefAgafhs ofnkurar Reldpe: sl%dﬁhl'rso[‘?gﬁd
m croscopi c foci catswelll graal. (i 5EEsepPrdd. Natl. Acadanski.n USAKTRRBEHEERYr €SS

in the control of c}emonstragé&]fﬁ{‘\att' fige dj’.rﬁ%%%%ﬁ witly ﬂ&l&gﬂg\/&%&gﬂe@%%-

of Nature's cont rof uent evi nce roma
number of resear EHeTin |(BGGY abRYS SNGuedEEG! %%F%&FVS%S | 2 sEs3Re Brat F8F -
anti - cancer 350€i)faei:ﬁﬁvea@erﬁﬁdcaiﬁﬂ tnecodghs sifl wheasandomd Melbk Acsid | Mune

system resulting, 1?;1{ etryg?’gg 1: ]| gg 'H_% of Fw@h&anqa mpelcgé S, 'For

exanpl e, release o opol ysacchari S)

- 4- 0, J. Immunol. 14%:711-717, showed that fibroblasts
infected in vitro with Shigella or Salmonella had increased
susceptibility to TNF.

15 As a result of such observations as described
above, immunization of cancer patientg with BCG injections is
currently utilized in some cancer therapy protocols. See
Sosnowski, 1994, Compr. Ther. 20:695-701; Barth and Morton,
1995, Cancer 75 (Suppl. 2):726-734; Friberg, 1993, Med.

20 Oncol. Tumor. Pharmacother. 10:31-36 for reviews of BCG
therapy.

2. PARASIT R CELLS
Although the natural biospecificity and

25 evolutionary adaptability of parasites has been recognized
for some time and the use of their specialized systems as
models for new therapeutic procedures has been suggested,
there are few reports of, or proposals for, the actual use of
parasites as vectors.

30 In this regard, Pidherney et al., 1993, Cancer
Letters 72:91-98 (Pidherney et al.) and Alizadeh et al.,
1994, Infect. Immun. 62:1298-1303 (Alizadeh et al.) have

t provided evidence that the pathogenic free-living amoeba,
Acanthamoeba castellani, has tumorcidal capabilities toward
35 human tumor cells, including melanoma, when added to tumor
! cells growing in culture or when injected directly into
tumors in nude mice. Pidherney et al. conclude:
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endot oxi n by Gram negative bacteria such as Salnonella triggers rel ease
of tunor necrosis factor, TNF, by cells of the host i mune system such

as nmacrophages, Christ et al., 1995, Science 268:80-83. El evated TNF
| evels in turn 5 initiate a cascade of cytokine-nedi ated reactions which
culmnate in the death of tunor cells. |In this regard, Carswel | et al.,

1975, Proc. Natl. Acad. Sci. USA 72:3666- 3669, denonstrated that mce

injected with baWPI9p/38Cal net t e- Guerin (BCG have increasRfFEERPevel s
of TNF and that TNF- 10 positive serum caused necrosis of the sarcona Meth
A and ot her transpl ant edThairfeesibhlityerf Fgilheing Khenpel et al. 1990,

J. I'mmunol . 145:711-717, shewsdiBat pfbfdableashs padidRete ffébyltro W th
Shigel la or Sal nonel | a haslaljt ncreased susd(c) ti blxlj Ity to TNF. 15

As a result of such observitYid% 2B9ehae AMh &SIt fMe Exfnuni zat i on of
cancer patients with BCG |plqc&htqtzsn$nl she tmeateant yofutdriugzed i n sone cancer

therapy protocads. See Spéélmg, ioCQ%BEstJﬁ'l?rtun%QSG% 701; Barth
and Morton, 1995, Cancer 734; Frlberg, 1993, Med. 20

Oncol . “Tunor. Phar macot her"’arf(?n§f %B“F r’é\)’eéﬁég?ﬁ t her apy.
2. 2. PARASI TES AMDweARCERPIdHerSey et al. also pbimoumit tthetnstch al

bi ospecificity a%&%gsxgéme@q »lﬂgaaﬁ&&we tYn Odx 4281 %i'n:h@ﬁ ASeReen

recogni zed heir speci alized systens as
model's for new tﬂérvaagumaweé&rzegn%a&n @é&ﬁegf@gcg%@édoppwi igre few
reports of, orlmrpumgbﬁsfm‘qdddiagamifmthmtehmg mariagobnsepisa Madisons. 30
In this regard @%1 ké‘ﬂia g .1993, Cancer Letters 72:91-98
(Pidherney et al Ilza et al ., 1994, Infect. Inmun. 62:1298-1303
(Alizadeh et al.) have p'F}B%ﬁ déd &6 earkidt FRPAYERE FAPKoGER| 0¥ MAFAELER ng

anoeba, Acant hay ebae€ fedtelvenals, ahtbetapautdicdaéctonfalioli ekampliawdiosdt 35
e o e LU0, TREABINBe s WIS ALIBUd A e IR 2 vl St OW N0

in culture or when 1 njec
15 outwelgh its risk as a pathogen to the patient. Therefore,

although Pidherney et al. and Alizadeh et al. demonstrated
cytotoxicity of pathogenic amoebae toward tumor cells, and
further suggested their use in the treatment of drug-
resistant and radio-resistant tumors, they offered no

20 solution for the inherent pathogenicity of these organisms
once injected into cancer patients. Furthermore, they
offered no method, e.g., genetic selection for isolating
super-infective, tumor-specific strains of pathogenic amoebae
nor did they suggest insertion into the amoebael genome of

25 genetic constructs containing inducible genes for the
synthesis and secretion of pro-drug converting enzymes and/or
suicide gene products.

Likewise, Lee et al., 1992, Proc. Natl. Acad. Sci.

USA 89:1847-1851 (Lee et al.) and Jones et al., 1992, Infect.

30 Immun. £0:2475-2480 (Jones et al.) isolated mutants of
Salmonella typhimurium that were able to invade HEp-2 (human
epidermoid carcinoma) cells in vitro in significantly greater
numbers than the wild type strain. The "hyperinvasive"
mutants were isolated under conditions of aerobic growth of

35 the bacteria that normally repress the ability of wild type
strains to invade HEp-2 animal cells. However, Lee et al.
and Jones et al. did not suggest the use of such mutants as
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tunors in nude mce. Pidherney et al. concl ude:

- 5 The feasibility of utilizing the

tunorci dal properties of pathogenic/free- | i ving anoebae and
their cell-free products in the treatnent of drug- 5
resistant or radio-resistant tunors warrants further

I nvesti gati on. However, Pidherney et al. also point out that such

pat hogeni ¢/ f r eSVOP&4Y anpebae can exist either as free- RCT(HSpyLo2se
organi sns feeding on bacteria or as opportunistic 10 pathogens producing
| i f e-threat eni ngheeapagobnomgitalrst iowdid they rmgggsketla@qqog.atlon of

Thus, it is readi|y, a &4 £l terEeHH BN ¥%elattid Gor mﬁ@aﬁ& eHa@Ckhy® as a
therapeut ic vector, for exa mteguman t unor enef it _of the
parasite as a veREBFELPR(PE e&'ﬁf‘ﬁ%l{ﬂf appLR s o 5t ﬁ% e 1 §Vthe

patient. Theref aemal cellhafghhlibibdy neyWichowt . tumed- Apéqa@énté‘t ox| other
demonstrat ed fg%x%t Bf'&ééhxﬁfneﬂt W'h‘}p@%@%ﬂﬂoﬁm cells, and

further suggest elr use In e, treat nent resi t and
radi o-r esi st ant DERGFErIPRAS WEFW%%’YZ(S‘%O?&? 'n%lngr TPRES |e?1r‘r1§|ri npouid
pat hogeni ci ty oflilkde@yeber i isivasive onemsingewide-sprieadc anfeet ism ilanthe

Furthernmore, they, ... %3?{5& no gt had, “ﬁtgoutgggfédtq_ogek@gtﬁ%g or
i sol ati ng super -1, Wl | ve,” t unor - speci f strains of at hoggm C agoebae

nor did they sugﬁj@ﬁlfﬂﬁé'éﬁ‘?ror?mipﬁf’lﬁm?’l‘fe %&Bﬁ’él B
constructs corg afistghi Baetoehilae agenhsrafp:eumhevect@mmédgmas?@cttélei on of

pro-drug converting %@Z¥Qﬁ§iﬁgyt95n and®Weptde 9RHE P AUEt Sancer patient.
Pan et al., 1995, Nature Medicine 1:471-477 (Pan et
al.) described the use of Listeria monocytogenes as a vaccine
for the immunization of mice against lethal challenges with
15 tumor cells expressing the same antigen expressed by the
listeria vaccine. In addition, they showed regression of
established tumors when immunized after tumor development in
an antigen specific T-cell-dependent manner. However, Pan et
al. did not show that Listeria monocytogenes could be used as
20 a tumor specific vector, which would target and amplify
within the tumor. Rather, Pan et al. showed that recombinant
Listeria monocytogenes has the ability to deliver a foreign
antigen to the immune system and to involve cell-mediated
immunity against the same antigen.
25 Sizemore et al., 1995, Science 270:295-302
(Sizemore et al.) described the use of attenuated Shigella
bacteria as a DNA delivery vehicle for DNA-mediated
immunization. Sizemore et al. showed that an attenuated
strain of Shigella invaded mammalian cells in culture and
30 delivered DNA plasmids containing foreign genes to the
cytoplasm of the cells. Foreign protein was produced in the
mammalian cells as a result of the procedure. The Shigella
t vector was designed to deliver DNA to colonic mucosa,
providing a potential oral and mucosal DNA immunization
35 procedure as well as other gene immunotherapy strategies.

o,

However, Sizemore et al. did not suggest the use of such
attenuated Shigella as tumor vectors in that they could be
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Li kew se, Lee et al., 1992, Proc. Natl. Acad. Sci. USA 89:1847-1851 (Lee
et al.) and Jones et al., 1992, Infect. 30 Immun. 60:2475-2480 (Jones et

al .) isolated nutants of Sal nonel I'a typhinuriumthat were able to invade
HEp- 2 (human epi dernoid carcinoma) cells in vitro in significantly
greater nunbers than the wild type strain. The "hyperinvasive"

mut ants were isol ated under conditions of aerobic growmh of 35 the bacteria
that nornally r®@sede38he ability of wild type strains to ?HV%?&’émﬁEp 2
animal cells. However, Lee et al. and Jones et al. did not suggest the
use of such nut apde&d @ target tumors and thereby express gem@s within them.

{her apeut i ¢ vect prs, o, dLdsEhoy. SUIOERHLddsS0L8! ho8) B vackumBEzgPec fic

bacteria by selecﬁln 'foO ectlon ence for
nel anoma or othethQ%ﬁnyéﬁ§1é98in9 Qﬁﬁﬁﬂéﬁlé¥§4¥sQE@ PH&aﬁﬁﬂg %V§ fdpecsa.
tunor-specificity or ot hercl5sf:.9.idiﬁ1n@fwaatt>ﬁéktlﬁiuslly, isvedt iyaredi avazi ve

F?LgrgeLLapan %yg %%gla néé&éﬁp%%cpxrbﬁﬁrgkbtlon |H%$Rggh@t alcewOUId
patient. Further propersity QéléE@IQﬁ1Gﬁoﬁh?uﬁﬁilgatesﬁ§%?¥9kﬁt °6Fr€§%P69ﬁbnt

of other forns Oéeﬁﬁiﬁﬁéatlhoﬂecb@@dlﬁleéuéﬂdb hadllekhewns tTetaapewdnd gas
vectors would i ngrealseenet r%sulg fr°'§)f9‘ﬁ%gsli§£§%}€§?l§9g@§mf GeShockt 0 the

cancer patient. Icine 1:471-477
(Pan et al.) tiseye frati pelBogerl & membsre ok trﬁa‘r?o&?’c’%@enes as a vacci ne

for the imunijgati on of nipgekagaétisdl .|, etbat, chald.esges mhmuunm @ s

expressing the S%gﬁﬂgp} e%Fg" ©% égozfet%algyfﬁgfct 1"&3%%@5.6& YEGHAEs b

addition, they s sPon tunors n |nnun|zed
after tunmor develdpsenidium hl&ﬁoéﬂt4@xﬁﬂl§b@c$fqﬁﬁnFP&éPFa?&ﬁxﬁﬁﬁéﬁ?ananner

However, Pan et growing in a mouse caused oncolysis, i.e., liquification, as

well as regression of the tumor. In general the process of

18 Clostridium-mediated oncolysis was accompanied by acute
toxicity and death of the mice. Malmgren and Flanigan, 1955,
Cancer Res. 15:473 demonstrated that mice bearing mammary
carcinomas, hepatomas, and other tumors died within 48 hrs of
intravenous injection of Clostridium tetani spores, whereas

20 control, non-tumor bearing animals were asymptomatic for 40
days. M&se and Mdse, 1964, Cancer Res. 24:212-216 (MGse and
Mose) described the colonization and oncolysis of tumors by
Clostridium butyricum, strain M-55, a non-pathogenic soil
isolate. Mdse and Mdse established the lack of human

25 pathogenicity of the M-55 strain by administering spores to
themeselves, as reported by Carey et al., 1967, Eur. J. Cancer
3:37-46. Using Clostridium butyricum strain M-55, Mdse and
Mbése reported that intravenous injections of spores caused
oncolysis of the mouse Erlich ascites tumor, growing

30 experimentally as a solid tumor. Aerobic spore-forming
organisms--e.g., Bacillus mesentericus, Bacillus subtilis,
which were prepared in a similar manner, did not show any
oncolysis under the same conditions. Mbse and Mdse concluded
that the clostridial oncolysis was restricted to anaerobic

35 areas of the tumors because of the anaerobic metabolic
requirements of the bacteria.

P



al. did not show that Listeria nonocytogenes could be used as 20 a tunor

specific vector, which would target and anplify within the tunor.

Rat her, Pan et al. showed that reconbi nant Li steri a nonocyt ogenes has
the ability to deliver a foreign antigen to the i mmune systemand to
I nvol ve cel | - nedi at ed I mmunity agai nst the sanme antigen. 25

Si zenore et al., 1995, Science 270:299-302 (Si zenore et al.) described
the use of atteW@R6MRIEhi gel | a bacteria as a DNA deliveryP %1B5¢ or
DNA- nedi at ed I mmuni zation. Sizenore et al. showed that an attenuated

strain of Shigella invadederttr@ldrE6E15att) a¥el|r Camdud Resdetd \vzrmd2DNA
pl asm ds cont ai nj rei_gn.gen t € opl.asm of. t |l S-= FOreign
protein was pro u}g%' éljry’%tahelggr naenr%?gxf ?gnltéje?ci@sétdagpgé?ses% tslp’%? E‘{?hl\l]esss

procedyre. The Shrguqes extopeiv® Wgdsdeliymudbey ef| diiferBRA PR ofuE
mucosa, provi @itly shareeasdi fhraval aifedsNeiOsae DiNs tridinmzotéDred3S

procedure as I ot her_gepe. j [ strategies. wever.,

S Zemope ot al 0 G Aot pd AR UG AE ko oA B, unt ey

t unor wectors ina@?mﬁlq,heyuggggg,tﬁpey found that "metastases in organs or 7 .
used to target tupmsls rvdést berebynsDfREEss e wpbhed urlems chdat her,
Sizemore et al. CISAANGOLILS U6 B YBREA WAL g ST ARY LOK ! owi ng or al
delivery and invasion o tﬁg nucosa. &fos?rl dium was previously
i nvestigated as a 5 potenfThaple ey &deut 1264edadceroRes ol 340 228nd3 3. shopied

propensity of 19peg£s wfcrahenetbigaingeaneeraftred ot &i inbert 6f sPecidNaiee in
et Soreepb g8l o LAY, B0 5 0RO RORER dnd To7 |
genus. germinated in tumor tissue, but not in normal tissues of the
mouse. Thiel et al., 1964, Cancer Res. 24:234-238 found that
spore treatment produced no effect when administered early in
185 the development of the tumor, i.e., when the tumors were of
small size. While the spores caused oncolysis in tumors of
sufficient size, there was no effect in smaller tumors or
metastases. The animals regularly died during oncolysis.
Carey et al., 1967, Eur. J. Cancer 3:37-46, concluded that
20 small tumors and metastases had been noted to be resistant to
oncolysis whereas large neoplasms were particularly
favorable. Thus, the qualitative differences in germination
of spores were likely to be not a characteristic of
neoplastic and normal tissues per se, but related to
25 physiologic and biochemical conditions found within large
tumor masses.
Recent molecular genetic studies have focused on
anaerobic bacteria of the genus Clostridium as potential
tumor wvectors. Fox et al., 1996, Gene Therapy 3:173-178
30 uging a Clogtridium expression vector were able to transform
the E. c¢oli cytosine deaminase gene into Clostridium
beijerincki, which resulted in increased cytosine deaminase
¥ activity in the growth medium supernatant and cell extracts
of trangformed clostridial bacteria. Such supernatants, when
35 added to cultures of mouse EMT6é carcinoma made the cells

® -

sensitive to 5-fluorocytosine, presumably through its
conversion to the toxic 5-fluorouracil. Similarly, Minton et
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10 Parker et al., 1947, Proc. Soc. Exp. Biol. Med. pp. 461- 467
first showed that direct injection of spores of Cl ostridium histol yticus

into a transplantable sarcoma growing in a nouse caused oncolysis, i.e.,
liquification, as wel | as regression of the tunor. In general the process
of 15 dostridium nmedi ated oncol ysis was acconpani ed by acute toxicity
and death of the mce. Ml ngren and Fl ani gan, 1955, Cancer Res. 15:473
denonstrat ed t hato 9646238 bear i ng manmary carci nomas, hepat oREFUSUARSYt her
tunors died within 48 hrs of i ntravenous injection of Clostridiumtetani

spores, whereas &D.cort960! FEM8nMigmakicBeaReng IAnNBARF 36heknsegspAptdtrdt-i ¢ for
40 days. Mdse ghnd m%reaaéﬂas%éiﬂr 138& Cl?dlst%laa.aﬂzﬁbéi‘ﬁ&dnakﬂ and Mose)

descri bed the colon|zt|ona coI SIS 0 S st.rig
butyricum strai ¢ F/FS%’ tﬁoﬁebﬁ{;% r’rﬁleé’sé‘arilI‘DL‘}:m%‘El sg¥ %stéhandv@os
est abl i shed the mackneftuneramodsl pthueygbntbe tyseop Lt Hetm@eﬁ darectsd
Eﬂ;ﬂ nhst (CaI;Inggr %pQE.]§§n§tp the Ehepset \&ﬁ.%ro%édﬁ@ﬁgbet gdnbY Cﬂi@hl%&o&é%%cﬂ%7
: i um bu u rain se
and  “Mse repoﬁ?éﬂ Q’F?éi(“c nF‘F‘ébg?ﬁﬁ%Sq%ﬁPgét iHFS t%f’ fjj(;]]f‘gfsatclé‘gsgﬁent
oncol ysis of the nmouse Er Nothiagcin eayt efforhe ghonengeferengss i(eenee¥ |y as a

solid tunor. ‘AerBgrfrsiéyé%ehgég1fﬁbwn ﬂa'ﬁﬁQ'§¥E%enQ gnveﬁ¥5¥§)|%ﬁggests the
mesent eri cus, Baci

us subtilis a.sim
manner, did not $ABWhHMARY mSﬁBBﬁ/@?’f“ﬁndBE e""l?"?é‘rrgil oﬁ’ﬁatﬁsan Iéoebeand
Mbse concl uded.o Clbhatridim, chesarpatiaaitiedcbhgpeukds vestor diordsebid
anaerobi c 35 areagp@fsthe tunors because of the anaerobic netabolic
requi renents of the bacterl a. - 8-

. ATTENUATED SALMONELLA SPP.
Bacon et al., 1950, Br. J. Exp. Path., 31:703-713;

15 Br. J. Exp. Path. 31:714-724; 1951, Br. J. Exp. Path. 32:85-
96 demonstrated that attenuation of Salmonella for virulence
in mice can be achieved through auxotrophic mutations, i.e.,
through the use of mutants which lack the ability to
synthesize precursor molecules necessary for growth. More

20 specifically, the authors showed that purine-requiring (Pur’)
auxotrophs of Salmonella were attenuated in mice.

Hoiseth and Stocker, 1981, Nature 291: 238-239
showed that Salmonella typhimurium auxotrophic mutants with
requirements for aromatic amino acids (Aro’) were attenuated

28 for virulence in C57BL mice. Further, Su et al., 1992,
Microbiol. Pathogenesis 13:465-476 showed that one such Aro”
mutant, the attenuated antigen carrier strain of Salmonella
typhimurium, SL3261, was useful as a vaccine. The Shiga
toxin B-subunit/hemolysin A (C-terminus) fusion protein was

30 expressed and underwent extracellular export resulting in
antigen-specific immune responses in mice inoculated with
these bacteria.

O’Callaghan et al., 1988, Infect. Immun. 56:419-423
characterized Salmonella typhimurium that were both Aro- and

35 Pur- and found that although they were highly attenuated in
BALB/c mice, they persisted for several weeks in the livers
and spleens following i.v. injections. They were found to be

- 10 -



CGericke and Engel bart, 1964, Cancer Res. 24:217-221 showed t hat

I ntravenously injected spores of strain M55 produced extensive |ysis of
a nunber of different tunors, but wi th shortened survival tines of the
Clostridiumtreated, 5 tunor-bearing animals conpared to non-treated

t unor - beari ng animals. Further, they found that "netastases in organs or
| ynmph nodes were unaffected by the spores unless the nmetastatic tunors
had reached a cH®148B8bl e si ze. " Thiel e et al . PCHYWEI28Hncer
Res. 24:222-233 showed 10 that intravenously injected spores of a nunber of
speci es of nonjree fimpiive & ostadides, wher |addiingsteissl eligberi oxalllaner
germnated in tupmy. tissue, but not in nornmal tissues of the nouse. Thiel
et al., 1964, Cancer Res. 24 234- 238 found t hat ore.trea r.oduced
no effgct when administer dghasen ¥t Al1s Jt?%’d@@%ro%#é‘r?glé'thgg%#goﬂ, i.e.,
when the tunors Weslmsoin etsahl) dempestiiitdd thhe spoeremtdensén Sabwinedila i n
tumors of — SUBTYEhAUnctl E8n bl GichiW98a NORIGRC hut ik AHY LI cheMi: Ghock
nmet ast ases. The a g, ul arl ed during oncol ysis et a

1967, Eur. J. C@ﬁpﬁe teib rfadea $HRHHTE %etuﬁeﬁeaiﬂ%l%te&stases
had been noted tanlb.e Ies$i, sMaht Microbbdal ol yFi791wAel paderiomsgeahed pt esnsuehr e
particularly  fawQidilRa Bbpg. daifollRid ! Qlrinifuslil GleRCaaekm 0 NyRAL I on
of spores were | y to be not a characteristic of neopl asti c and’ nor mal
ti ssues per se, YCM™8Sated to 25 physiol ogi ¢ and bi ochem cal conditions
found within Large tunoHowessxesSnone of the refelRemesd byoBecohast ganeti c
studi es have focuSaLIN ang e«;%g{eqb' 6; BaEL G BE LS GBSO geldd 3l as

potenti al t unor  vectors. Gene Thera 173-178

using a d ostri dturtlexpPd2si %W@be‘yv\%’i Alabtd% o 19% oPﬁ1 the h?é:"éleéol I
cyt osi ne deam nasefgemre tot tn Qadder i iinfra beluggestcthat whichhaviesalldred i n
| ncreased cyt OS'%%@%@%&%M@& oV lebn bt N 60V MedERdidMhggper nat ant

and cell extracts transfaormed clostridial bacteria. Such.s ernatants,
when 35 added® ?op’i‘t?lltf&r%eo‘f’lfﬂ)‘&éﬁﬁ/ﬁ% CWmeTS BRE hRite SUGE aEirylent
sensitive to 5-frhuameymightche proesduaabigetidusofigh sékid tumomveherapy.to the
toxic 5-fluorouracil. Simlarly, Mnton et
- 9 -

2.4. OBJECTIVES OF THE INVENTION

The problems associated with the many physical

20 barriers for delivery of therapeutic agents to solid tumors
provide clear and difficult obstacles in the design of
effective delivery systems. Thus, there has been a long felt
need in the art to provide delivery systems which are able to
overcome these obstacles.

25 It is an object of the present invention to use and
to provide more advanced biological vectors such as parasites
having several distinct advantages as a novel delivery
system, some of which are listed below, as well as to meet
the challenges of tumor therapy.

3o Antibiotic Sensitivity: It is an advantage for a
tumor-specific parasitic vector to be sensitive to
exogenously administered antibiotics. Parasites, such as

‘. bacteria, can be eradicated within their hosts by the
administration of antibiotics. Such antibiotic sensitivity
35 allows for the eradication of the parasite from the cancer

® -

patient‘s body upon completion of the therapeutic protocol.
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al ., 1996, FEMS Mcrobiol. Rev. 17:357-364 inserted the E col i
nitroreductase gene into C ostridium beijerincki and were able to detect
expression of the gene in an in vivo nmurine tunor nodel through the use
of antibodi es directed 5 against the E. coli nitroreductase gene. The

ni troreduct ase gene product activates CB1954, a potent al kyl ating agent.
Not hing in any of the above references (or any ot her references known to
the present in/¥ABEHEYS suggests the use of any nicroor gani EFESURE ¢ han
the obligate anaerobe 10 Clostridium as a potential therapeutic vector for
solid t unors. BiospeciZidit I TENUAEERN SdWMadalge AfSPR vector to

Bacon ot el 19300 ol alpckiRy BRthy AE Wikl3iedh, B, ) BiorPRbly

31:714-724; 1955 P5F P deronstr at e t
attenuation of Shergese| apeeifigityl epEhe "'leﬁtﬁ?c%"%ﬂebéu‘a%i"e%@d Bfough
auxot r ophi ¢ nut atduRiis thee. Enoculund Redsghatheous ef béctiteanherapy C tHeaekyt he

ability to ynt hesize, precursar, cul e Ve i re 20
specifically, ?h’ée Ao EE% h%*/\?ekd °tfh5_g’€h¢1is§%-crﬂeggi %1 m%%%tr:?%l?\r,ﬁ{l ehl0
auxot r ophs of Satanmeal Patient. atRegagitesl shewpcgreat degree of nafyradi h and

St ocrer, h_1981, t "i?i%d&g!é_c%%léi@ﬁﬁ-l?a}&ng e\s&ma;w tohat i Gaderenebkaety @f muri um
auxot rophi ¢ nutants .w.t requi renents for. . ar [ C. 1 NO '
(Aro[err]) were %Retcé'\rg&&t 1é8c%%m&d‘rm\/ﬁpﬂllerh%aeé’|°% @g%{&rﬁq@é. lgurt%n,erga et
al ., 1992, M dirsshisslionPath dejesper i £ 1St e Reg76Fabeamed 1984t SRl such

Aroferr]  mypagy.1ddee1dbb enpiaicidnan} | O9IR CaR.i e5061 I Alikrebi&hl rEmelola
typhi nmuri um SLSZB{%, was useful as a vaccine. The Shiga toxin

B- subuni t / henol \ A (C-termnus) fusion protein was 30 expressed and
underwent extracel lul ar ekpbant (kesdatior and Gen&ﬁ%?g“é?ﬂ%ééﬁ%?%’ i furé

responses in m Cg iZReMeabed ik tdhe debi@SaarRGBlation of a parasite as a

tumor-specific, therapeutic vector, for the parasite to be

15 amenable to genetic manipulation. Parasites with haploid
genomes and short generation times, for example, bacteria
such as Salmonella typhimurium and enteroinvasive Escherichia
coli, can be readily subjected to mutagenesis followed by
enrichment procedures for the isolation of strains with

20 desired new characteristics (see generally, Neidhardt et al.,
(ed.) 1987, Escherichia coli and Salmonella typhimurium,
Cellular and Molecular Biology. American Society for
Microbiology, pp 990-1033. Furthermore, the methods for the
genetic analysis and stable introduction of genetic

25 constructs into these bacteria are well known to the science
of molecular genetics.

Chemotaxis: A chemotactic response toward cancer
cells is an advantage for a tumor-specific vector, for
example as a stimulus for the vector to invade through a

30 basement membrane matrix such as that produced by endothelial
cells in the vasculature, or as a stimulus for the vector to
gseek out cancer cells surrounded by tumor matrix.

Chemotactic responses in parasites and commensalists or
mutualists, particularly in bacteria such as Escherichia coli

35 and Salmonella typhimurium, are well documented. For a
review of chemotaxis see Macnab, 1592, Ann. Rev. Genet.
26:131-158.

- 12 -
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O Cal | aghan et al., 1988, Infect. |Inmun. 56:419-423 characterized

Sal nonel I a typhi nurium that were both Aro- and 35 Pur- and found that

al t hough they were highly attenuated in BALB/c m ce, they persisted for
several weeks in the livers and spleens following i.v. injections. They
were found to be - 10 -

I neffective as vacci nes when adm nistered either orally or '

Johnson et al ., WPJ64023% | . M crobiol. 5:401-407 (Johnson Peqxjmzﬁ“.’5°25°
denonstrated that attenuation in Salnmonella 5 virulence can be achieved

through mutations in the ggati sheek witHidugirdée qulQisei NThE rabildtyetone
pr ot ease. Chabalﬁcém t, 1996,

et . .al. | . .M crobj al : -8
denonstrated th p&&%ﬁte withidh fRF gt h‘ferl\@-s &5) Fh PR é%hizcr?ﬁjlral %#m%Fe
useful, as |ive spacidétnesctard Such an ahiddkyerllawsn&ost arpklicpEiences by
gacon 'e: a: vy gtzﬂwléﬁei- anch t&%tékef,nxﬁxlg&&lts waghah tele ?hfﬁcﬂwwmeet al .,

u et al. al gol et _al, nor. any i
referred to ing Tofthle g?u? n’frfcaf?éasgdaaeg}{‘e t%ﬁagﬁ%%l%ﬁfr%& é%?egééjsgt"ﬁf:%% of
Sal nonel | a t yphivagtioom wexdaeryuiofi vecters w3 thinl ¢gnges eehl s htyrther d

tumors, nor that;stach sutfélfiting orM@isvHrt Whabér kee1UusedtREs VAGIAEYiher
solid tunor ther Elﬂgtl NVENTI ON

: (2. 4. ECTIV§§.CF
The probl ens ass@g“%’éﬁe&mw?W%e%ﬁﬂ%p%%&?rfbe arPers Tor delivery of
t herapeutic agents to sol Anpanakdicsand Aerobic Metabolism: The ability to
10 express invasive and amplification capacities under either

aerobic or anaercbic conditions is an advantage for a tumor-
specific vector. Solid tumors generally contain
vascularized, oxygen-rich areas as well as necrotic oxygen-
poor areas. A vector that is functional in both such

15 environments would be able to reach a larger portion of tumor
cells than one that can function in only one environment,
such as, for example, an obligate anaerobe or aerobe.

3. SUMMARY OF THE INVENTION
20 The present invention provides compositions and
methods for delivery of genes and/or gene products to and/or
into target mammalian cells in vitro or in vivo. The genes
and/or gene products are delivered by microorganism vectors,
including bacteria, fungal and protozoan parasites, which are
25 selected and/or genetically engineered to be specific to a
particular type of target mammalian cell. In a preferred
embodiment, the vectors function under both aerobic and
anaerobic conditions, are super-infective, tumor-specific
microorganisms useful for diagnosis or treatment of sarcomas,
30 carcinomas, lymphomas or other solid tumor cancers, such as
germ line tumors and tumors of the central nervous system,
including, but not limited to, breast cancer, prostate
b cancer, cervical cancer, uterine cancer, lung cancer, ovarian
cancer, testicular cancer, thyroid cancer, astrocytoma,
{ 35 glioma, pancreatic cancer, stomach cancer, liver cancer,
colon cancer, and melanoma.

- 13 -



provide clear and difficult obstacles in the design of effective delivery
systems. Thus, there has been a long felt need in the art to provide
delivery systens which are able to overcone these obstacles. 25

It is an object of the present invention to use and to provide nore
advanced bi ol ogi cal vectors such as parasites havi ng several distinct
advant ages as a novel delivery system sone of which are |Listed bel ow,
as well as to nB¥®%/40238he chal | enges of tunor therapy. 30 PCT/US6/10250
Antibiotic Sensitivity: It is an advantage for a t upor - speci fi ¢
parasitic vector to be seriéiatioye weeful SesgEhe ReSIoMInPAI SheRRFSS
ﬁnt ![ bi gt | ;:ﬁ Par qg;k,feagioﬁﬁi{bmaef bubatteemot, 1¢aicedie ter 8drealizd within their
osts by e m rati o] tibiqt] bbLoOLlC; sensitivit
35 allows for th}”ﬁ?a%%'o%}&fce%z% Af)girlay Zsf %%hte%grcggﬁc%?ﬁ' patient’ sy
body upon conpl etenterofnymivenSsaheni foig codde obegionella pneumophila,
;/eclztlo; o expsr eSalmonell?_t}_qg[hi,EIS@ixﬁ&%_ t 'J{liacicwhixhﬁrﬁzﬁn,ashagldm app.for a

s specifici orits targe , tumor cell

The nore speci fi GHFP-BFOTHE \?é@t’()rTf%Qo?%neagp%%rgfédcmél %,eg?ﬁ%?a | oner the

i nocul um necessareptiesocehtias.i Calampdiptrachomabys 5 ListGEiag the ri sk of

septic shock or RRRdR:8GEMLLE, BylbbBact&aNGe avilah] MitcobBatasidmebatiaw a
great degree of

oL 0 O Bk ruer it B R, e b phid e 2

di scussi ons onl®iRistketiteiae tquigkenaFafRMEOCPIgYs peqfiormans, Histoplasma
capsulatum, Pneumocystis carnii, Eimeria acervulina, Neospora
caninum, Plasmodium falciparum, Sarcocystis suihominis,
Toxoplasma gondii, Leishmania amazonensis, Leishmania major,
Leishmania mexacana, Leptomonas karyophilusg, Phytomonas spp.,

15 Trypanasoma cruzi, Encephéhtozoon cuniculi, Nosema

helminthorum, Unikaryon legeri.

As used herein, Salmonella typhimurium encompasses
all Salmonella species. It has long been recognized that the
various "species" of the genus Salmonella are in fact a

20 single species by all acceptable criteria of bacterial
taxonomy. The single species is now designated "Salmonella
enterica®. F. Neidhardt {ed.), Escherichia coli and
Salmonella, 1996, Volume I, pp. XX, ASM Press, Washington DC.

An embodiment of the present invention is to

25 provide methods for the isolation of super-infective,
attenuated, tumor-specific mutants of microorganisms such as
bacterial, fungal and protozoan parasites. Further, the
present invention provides methods for use of these
microorganisms in the diagnosis and treatment of malignant

30 and/or metastatic solid tumor cancers, such as melanoma or
colon cancer., Moreover, these mutant parasites may express
specific gene products, some of which are secreted into the
cytoplasm or vacuolar space of the infected cell.

The present invention provides methods for the

35 isolation of super-infective target cell-specific
microorganisms. In particular embodiments, the invention
provides for the isolation and use of super-infective, tumor-

- 14 -
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10 65:1099-1102; Tunomanen, 1993, Am Soc. M crobiol. 59:292- 296) .
Mitant |solation and Genetic Manipulation: It is an advantage, in the
design and isolation of a parasite as a tunor-specific, therapeutic
vector, for the parasite to be 15 amenable to genetic mani pul ati on.
Parasites with haploid genones and short generation times, for exanple,
bacteria such as Sal nonell a typhi nuri um and ent eroi nvasi ve Escherichl a
coli, can be r %@PE#4023bj ected to nut agenesis fol lowed by &AL
procedures for the isolation of strains with 20 desired new characteristics
(see general |y, specdfidcdstraing of parqsites sugl axddifePPERPEWDIi and
For M or b ol e on B0 3 Furs Rer oL e et aianter the oY
e} - . Fur r mor. ; r the
genetic anal ysi g%a’%?%f"émiﬂflrug'du%ﬁg eoprégﬂée%%r%@?gﬁgﬁ)ucts into
these,bacteri a ameagsienskaowThe tumer ssnasiddc veeorf|c@Buphfo GRS .
Chenot axi s: A ghaitidet Gené&sponse toward cancer cells is an advant age

for a tunor-specific vector, for .. _exanple a | 1 : tor to

i nvade’ through a 30 basenﬁﬂ? ?‘Fg"r%it"gﬁ% r%?rt?&e Eﬁ%ﬁé%ﬂs,%v%? t%?%céj%gﬁ\é%%

endot hel i al o thodsn fonethasaglatien ofangds camRes Hhins FEPPEIENFector to

?ﬁe:;a(r);;i ;:ancer d&%éz&iﬁ%f:ew,e(iu%rtswu{m mu¥ants dheadmesélln rsppponses
es and comenpsali s or ._ut.ual i_St,s [ 4 ly.. i acteria

such as Escheri c%1%‘cé]aﬁm§§e%fﬁi ORI BRES taﬁghf?rg?‘%én{tugrgé a%l'{heb

docunent ed. Fdp diagnosdei and ofresitawnt of SarcOMREe NEAXCINPIRSs, ApgLansas .

Genet . 26: 131sch%h cancer, and other solid tumor cancers.lZ2Another

embodiment of the present invention provides methods for the
isolation of and compositions comprising super-infective,
tumor-specific mutants of Salmonella spp. containing a

15 suicide gene. In a specific embodiment, the suicide gene is
thymidine kinase from Herpes simplex virus or cytosine
deaminase from Escherichia coli or human microsomal p450

oxidoreductase.
Another embodiment of the present invention

20 provides methods for the isolation of and compositions
comprising super-infective, tumor-specific mutants of the
protozoan, Leishmania amazonensis and for their use in the
diagnosis and treatment of sarcomas, carcinomas, melanomas,
colon cancer, and other solid tumor cancers.

25 Yet another embodiment of the present invention
provides methods for the isolation of and compositions
comprising super-infective, tumor-specific mutants of the
bacterium Mycobacterium avium and for their use in the
diagnosis and treatment of sarcomas, carcinomas, melanomas,

30 colon cancer, and other solid tumor cancers.

Yet another embodiment of the present invention
provides methods for attenuation of parasite vector toxicity

4 so as to reduce the risk of septic shock or other
- complications in the host, i.e., the patient receiving
35 vector-delivered gene therapy. Such methods include
. mutagenesis of parasites; isolation of parasite mutants with

increased tumor specificity, increased specificity for

.- 15 -



Replication Wthin Target Cells: The ability to replicate within target

cells is an advantage for a tunor- specific vector. Such an ability
allows for anplification of the therapeutic vector nunber within the

i nfected cancer 5 cell, thus increasing the therapeutic effectiveness of
the . vector. Progeny of vectors within cancer cells further i nf ect
surroundi ng or distant cancer cells, thus anplifying t he vector nunber
wi thin the tunowassbzspopul ati on. Anaer obi ¢ and REFHH6E0250

Met abolism The ability to 10 express invasive and anplification capacities
under either a@ﬁ?@ié‘e %ren%na%wé&&paﬁat b&'it%n{l%aﬁﬁ 26y adcn@®il oty ad unr -

specific vector.  Spli1d tunors ener tai.n vVasc rich
areas as well as*h ?:?totqo&'"@}yﬁg s tma 8 PO\ A8 gir‘tlt?{%%(1 m\?%(%r%%ql onal
in both such 15 enthrentheeces mhem@ta:cet:a:blabllv:lre@aénwarﬂa¢4}t§erpéfiﬂon of

t umor cells t@@eré’«gtfqi habatals | %ﬂa%ohrbmlwea%e QDM IquNERAkally such
as, for exanple, an obligate anaero e or aero RY OF

THE | NVENTI ON 20 2ltered 1ipppelysacchari Eﬂ‘f‘?‘iﬁ%tdwp&n gad ’c%‘%?&é‘?? s and
nmet hods for deli wecgned wishealaeridrvigerlenpe oghretss sboaantd oarchlewﬁto t ar get

ramml | an Cells e} 1O firvilaYl §0 ' PaflREsic RSN 1 HedU0AULLS AT €
delivered by m cr organi smvectors, Bgalrﬁ?gstﬁ %Q’t eria, fungal and

prot ozoan par asi CEROS%fhi%h “&FE‘aQSC%Je]}Se et i cal | y engineered to
be specific to a parti aheaprey@et dinveatden frartielri encompdssesnuge of

preferred ?U)%qlc ax‘h@% 3638&9)?& édﬁ‘ﬁahgﬁbéﬁd% RRED: AGKORIEC 581

anaer obi ¢ conditi 0ons, e super-infective, tTunor-specific m cr oor gani sns
useful for di agn&S‘F@rdFartqeéét ment of sarconmms, 30 carci nomas, |ynphonmas or
ot her solid tunor cancers,Theupkeaent 1rgmmnbnnmy irepusdenst ¢adnmoseoful e

central nervous SES@Arenc% Q%lHgér%blfﬂﬂingoaefiﬂgﬁfaﬂstOdeéﬁfﬁgai cancer,

prostate cance cervica teri ne.cancer, .Iun Ca cer, ovarlan
cancer, testlculé@séﬁkﬁﬁﬂon-PﬁyFBPd1¥¥ﬁﬂﬁ%°n'aé}%%ﬁﬁﬁﬁfﬁﬁe ri
pancreati c canElspesidid@ainedieents | andrtheaappended fc.ghuascano»emchand
mel anona. - 13 -
4. DEFINITIONS
Attenuation: Attenuation, in addition to its
traditional definition in which a
20 microorganism or vector is modified
80 that the microorganism or vector
is less pathogenic, is intended to
include also the modification of a
microorganism or vector so that a
25 lower titer of that microorganism or
vector can be administered to a
patient and still achieve comparable
results as if one had administered a
higher titer of the parental
30 microorganism or vector. The end
result of attenuation is that the
risk of toxicity as well as other
gide-effects is decreased, when the
microorganism or vector is
35 administered to the patient.
Suicide gene: A suicide gene is defined as a gene
that when delivered to a target cell

- 16 -
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Vectors useful for the nmethods of the present i nvention include but are
not limted to Borrelia burgdorferi, Brucella nelitensis, Escherichia
coli, ent eroi nvasi ve Escherichia coli, Legionella pneunophila, S

Sal monel | a typhi, Sal nonella typhinmurium Shigella spp., St rept ococcus
spp., Treponenma pallidum Yersinia enterocohtica, Chlanydia trachomatis,
Listeria nonocyt ogeni es, Mycobacterium avium Mcobacterium bovis,
Mycobact eri um tWD@sé®ssi s, BCG Mycopl asma hominis, 10 Ri cKESHUSPe{02s0

gui ntana, Cryptococcus neofornans, Histoplasna capsulatun1 Pneunocysti s

carnii, Eineria acervulina, Neospora y{g éahq,@ngd{,g&glald‘fi RAEUM
Sarcocystis suihoninis, Toxopl asma gondn i, Leishmania amazaonen

S
Lei shnani a maj or, Lei shmani a nexacarfb?esl‘?éﬁt PR ORa FFRERS | eath
Phyt ononas spp., 15 Trypanasoma cruzi, d:‘mc:;enphaﬁfgm—.ommuandm:r tH‘dosema
hel m Rt horum Uni karyon | egeri. ¢.As used herein, Salnonella
t yphi nmuri um enconpasses al | Sal nonel{& speC| es. It has | ong]1 beegén??]

recogni zed tha® the SUP?ET}IEﬁ%t"-B’Eém e %‘Peifhénﬁ’é’r'fdé’esé{?ﬁ’b%
fact @ 20 single species by all accepta a secter ivhich Bhactele alo attach

taxonony. The single species is now d te neklLa 116%6‘;@ ca"
F. Neidhardt (ed.), Escherichia coli ﬁ%l%@ m)nel':'ﬁrTQ % o Vol une | p

xx, ASM Press, Washington DC. readijy éﬁtﬁﬁi‘?ﬂ?éﬁfi 5? '“Ell‘Fe YiriEs Expe
invention is to 25 provide nethods for dddrsol Bépeariiolg supehe ipdpedacien

att enuat ed, ggur specific nutants of é{%%&gé‘?'&@ﬁ‘é%ﬂléﬁ thdaGkeb aI
0

fungal and pr zoan parasites. Further, Fesent | nvention provid
met hods for use of these m croorgam%?ﬁé”eleﬁ‘ Fﬁ%e‘b‘i“e{’g‘-ﬁt%ilgeaﬁ%‘“t af"ﬁ%nt
of malignant 30 and/or netastatic soli dwildmypeavnestcrs Sechcasblyel anoma or

col on cancer. Mbreover, these nutant pa{ﬁﬂ&%ﬁg”ﬁyt%te%éll approaches
4:1, preferably 30:1, more
15 preferably 90:1. Most preferably,
one is able to reduce the inoculum
size and infection time so that only
the super-infective vectors have
time to attach to and/or infect
20 cancer cells growing in cell culture
in vitro or as tumors in vivo.
Tumor-specific: A tumor-specific vector is defined
as a vector which is able to
distinguish between a cancerous
25 target cell and the non-cancerous
counterpart cell so that the vector
preferentially attaches to, infects
and/or remains viable in the
cancerous target cell.
30

5. BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Figure 1 depicts a DNA cassette system

for expressing pro-drug converting enzymes. Each of the
components is generated by PCR using primers containing

35 specific restriction endonuclease sites NotI, NsiI, NcoI,
SfiT or PacI that allow for simple interchange of individual
components. For example, (A) is the coding sequence for pro-

.o‘
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specific gene products, sonme of which are secreted into the cytopl asm or
vacuol ar space of the infected cell. The present invention
provides nethods for the 35 isolation of super-infective target
cell-specific m croorgani sns. In particular enbodinments, the invention
provides for the isolation and use of super-infective, tunor-

- 14 - specific strains of parasites such as the bacterium
Sal nonel | a spp. WO #0288i ng S. typhinmurium the bacterium MEHHEWIEISP um
avium and the protozoan Leishmania amazonensis. The tunor-specific
vectors can al sodeagt@nvertingcénsymgananch as thymidine Kmmeenbogtoeite of

the present 'nve[i&é&fné’ée"\@rdﬁﬁman '@&%%m&&?r 44 dﬁﬁb@%&xﬂﬁ:a@f af%ﬁ) s a

COfT'pOSItIOI’]S conprising - r-infectiv m)r-s eciticC rrutan
Sal nonel | a spp. , Pro@oker, Sfé‘llﬁfbnﬁI%Ftt"g}’ﬁhﬂﬁu??Lﬁfﬁd%alf‘orcctnﬁéﬁllt“ﬁ%'ée|?Ft he
10 di agnosi s andctaneaégsmfﬂfl@f maBKENTHE) dar & naEmningt| ssvaredion stghah

cancer, and ot Rer 2ol | h & %-120¢ H&ée i9HaedL &, LHS BhFsant
malt1 od;gﬁfu' ? P o% g

i nvention providés | SO 0si tions
conpri $i ng super 2 ff eexminal Seﬁﬁ%’lﬂ’bﬁé@ﬁ csm%ﬁes S‘FCISaﬁ%ﬁél | a spp.
containing a 15 sdtérdtn@riiee ED cohprmblestmiwodignal, séquenwel.ci de gene is

thyni dine kinase from Hor pag,sLIBLEK Vigilar@ 23 Qe Bhor ofleABE085Rs 15O

Escherichia coli or hunman m’crosom xi dor ed
Anot her enbodi nefaleprehia p“-d’é’é?éﬁ'c’rlrlﬁ'l/éﬁ{lidoﬁm HAPIBECFT NN FEORBr t he
i sol ation of andiefapobid iHit@n memmra el bipema.nf RCcétasingupopubpeidd ic

mutants of the  eDLALOZOAN: 4hgh SIMPY B AUBEENESSIcP cgBed Ur YAREELHSSE 1N

into and recovery from M2 melanoma cells before use in the
infection assay shown in Figure 2A-B. Figure 2A. Light
micrograph of an infected melanoma cell. Figure 2B. DAPI
15 staining of the cell showing cell nucleus, (n), and numerous
bacteria inside the cell, (arrow).
Figure 3A-C. Figure 3A-C are photomicrographs of
Salmonella typhimurium wild type strain ATCC No. 14028 during
the process of internalization into human melanoma cell line
20 M2. Figure 3A. Phase contrast micrograph of a host cell.
Figure 3B. DAPI staining of the host cell showing the
position of the bacteria, (arrow), and the host cell nucleus,
(n). Figure 3C. Lysosomal glycoprotein LAMP-1 antibody
staining of the host cell showing co-localization of the
25 bacteria with lysosomes and/or melanosomes.
Figure 4A-4F relate to producing converting enzyme
expression constructs and expression using the same.
Figure 4A-B. Expression of the Herpes simplex
thymidine kinase gene containing a B-lactamase secretory
30 signal sequence in Salmonella typhimurium super-infective
clone 72. Figure 4A. Immunoblot analysis of Salmonella
typhimurium strains using an anti-TK monoclonal antibody.
Lane 1: bacteria containing only the plasmid vector p279;
Lane 2: strain 14028 wt (CDC6516-60) (MO) containing the
35 cytoplasmicly expressed form of TK (pHETK2); Lane 3: strain
14028 clone 72 containing the cytoplasmicly expressed form of
TK (pHETK2); ULane 4: strain 14028 wt (MO) containing the g-
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di agnosi s and treatnent of sarcomas, carcinonmas, nelanonas, col on
cancer, and other solid tunor cancers. 25 Yet anot her enbodi nent
of the present invention provi des nethods for the isolation of and
conpositions conpri sing super-infective, tunor-specific nutants of the
bact eri um Mycobacteri um avium and for their use in the di agnosi s and
treatnent of sarcomas, carcinomas, nelanonmas, 30 col on cancer, and ot her
solid tunor cafOs640238 Yet anot her enbodi ment of PEHESIHIRELNt

i nvention provi des nethods for attenuation of parasite vector toxicity
so as to reducela¢tmmassk fusigrpidmn ofiotk (R5-G)her Lane Comsitredni A28 n t he

host, i.e., thecnsid st cbﬁﬁﬁif{ir@ t3ha Eeﬁé&ramﬁ%@ ¥8E £6h F% bbe'f@pops -8ych
met hods i ncl ude parasitée nutants

oS e aotape Bhoatentn: fda I ol SrnspiByak| e -y RRkanasd

- 15 fusion foirei d€ Tenp23ApRessilamealid soraionili4and chohec o@
ability to 'snééﬁéaﬁﬁ'im@a'théoéll&?c'almisénlesll%nb(i@i‘m 6§0ﬂ'1@t('p9@1;05) rmt ants
w th gnhanced cheymtactic.abilities tovva ret

e
o odugraanees) SRR3R mendRilan e, Srll | 48 FESH SR e tett
| i popol ysacchar adeilswlypaeatt bnityand isseh atri diheof' vechort aontly” V\F-Nﬂtlaﬂt ered

virulence genes(fshé9)l.0 8aNeeMe 1anePRRLFd Qlﬁjeyltgﬁiamléahq pé{cﬁz%stée‘a
vector in canceé cells as ?B%}%%pto nor mal célls %flﬂf body

The present invehttoPEFE He geded) W BRITH 1 B‘rsg Y vectors
for di agnosi 40oprotesat meet seénsolad dighet unplecvdarenass isoform conta‘ﬁhwe'ng

present inventi gm dgde D@elldRES AR aMbfed WdDeculRY h&d$£1@RE6rH Qi in

fol l ow ng deflnkﬁe eadegeggabence has been proteolytically cleaved off. 1In

each lane where the bacteria express the TK gene f-lactamase
signal sequence fusion (Lanes 4 to 7) two major isoforms of

15 the protein are also seen: a higher molecular mass form
containing the signal sequence and a lower molecular mass
isoform wherein the signal sequence has been proteolytically
cleaved off, which is the same apparent molecular mass as the
processed form of the cytoplasmic enzyme.

20 Figure 4B, Relative TK enzyme activity associated
with each of the samples in Figure A. Enzyme activity is
expressed as the total number of counts of *?°IdC
phosphorylated in a standard assay, Summers and Summers,
1977, J. Virol. 24:314-318. A small background is present in

25 a bacterial extract from the vector only sample (Lane 1).
Significantly higher levels of TK activity are observed in
the wild type and the super-infective clone 72 containing the
cytoplasmic form of TK pHETK2, Lanes 2 and 3. Similar levels
are observed in both the wild type and super-infective clone

30 72 containing the B-lactamase signal sequence fusion isoform
of TK p5-3, lLanes 4 and 5. Lower levels are observed in both
the wild type and super-infective clone 72 containing the S-

v lactamase signal sequence fusion isoform of TK p21A-2, Lanes

‘ 6 and 7.

. 3s Figure 4-C is a schematic of the different Herpes

‘ Simplex Virus thymidine kinase secretion and expression
constructs.
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description of the invention, illustrative exanples of 15 specific

enbodi nents and t he appended figures in which: 4. DEFI NI TI ONS
Att enuati on: Attenuation, in addition to its

trad™ional definition in which a 20 m cr oor gani sm
or VEctor is nodified so that the m croorgani sm
or vector : Is | ess pathogenic, is intended to

i ncl ude al so t hewowel4okiscati on of a PCT/US96/10250

m croorgani smor vector so that a 25 | ower titer

Og FhattniCéO?rganisn1or Figure 4-D is a schematic of theCHOffexntbBuman
adni ni stere ) : S ;
O Ziicrosomal cytochrome p450 oxﬁgofggd%ﬁyéeagggéﬁﬁ4%?n9Ch'eve

conpar abl e resarts as one adm ni stered a
hi gher titer of tdomspawets.al 30 m cr oor gani sm or
vector. The end Figure 4-E is a schemi€fdlldf @heat Eeneslli @ytbsitdat

t he oxicity as |.1,as other

. risk of t
side-effects i & d’&@f“éﬁg’é%l,s?ﬁr’ﬁ?ﬁlf’ﬁeang expression construct.
m croorgani smor vector is F§ure 4-F is a graph showing thgnpmewitecdd5tBCt he

patient. cohivekf&a AN -Fu by afs fdtiehicdBag@@ d.s defined as a gene

t hat when delivered to a target . : --16 -
and expressed by a.vector é%éﬁgﬁegg—g. Figure S5A-B are photomlcroqgagﬁf of

i nvention causes His¢ollegid sections from a Cloudman S91 melanoma}gacrophage

10 hybrid #48 growing subcutaneously in a DBA/2J mouse. The
tumor was excised from a mouse that had been inoculated 2
days earlier with 3 x 10° c.f.u. Salmonella typhimurium super-
infective clone #72 carrying the HSV TK gene, clone #72°%%2,
Figure SA. A section stained with hematoxylin and eosin

15 showe tumor cells with a central area of necrosis, denoted by
arrows. Figure S5B. A section stained with Brown-Brenn stain
(tissue gram stain) shows gram negative bacteria in a
necrotic area of the tumor, denoted by the arrow. When
viewed under a light microscope, the bacteria stain

20 pink/purple against a yellow background.

Figure 6. Figure 6 is an electron micrograph of a
section of a Cloudman S91 melanoma/macrophage hybrid #48
tumor excised from a DBA/2J mouse that had been inoculated
i.p. 42 hours earlier with 4 x 10° Salmonella typhimurium

25 super-infective clbne 72. Visible in the micrograph are two
Salmonella typhimurium bacteria, denoted by arrows, along
with numerous melanosomes (m), sub-cellular organelles
characteristic of melanoma cells. The co-localization of
Salmonella and such melanosomes indicates that the bacteria

30 are present in the cytoplasm of the melanoma cell.
Magnification=21,000x%.

Figure 7. Figure 7 is a photomicrograph of a
histologic section from a B16Fl0 melanoma growing
subcutaneously in a C57BL/6J mouse. The tumor was excised

35 from a mouse that had been inoculated 42 hours earlier with
1.8 x 10° ¢.f.u. Salmonella typhimurium super-infective clone
#72 carrying the HSV TK gene. The sections were from the
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of the target cell and/or the vector. 5

Super-infective: A super-infective vector is defined

as a vector which is able to attach _ and/ or

infect a target cell nore readily as conpared

to the wild type vector. Depending on the

popul ation 10 density of the inoculum the ratio

bet ween super - i¥P&8¥#923% vectors and _ _ PCT/USH/10250t y pe

vectors detectably infecting a target cell

appr oaches same tumor examined with thelelRé€f&H dk¥osde éBJG%téﬁled
referably 90: 1. ref er.abl '

![Do reduceyt he i noc?f?%el re's. 7 Yection was stained WD BLOHP ﬁﬁ‘eé‘& FB?:”N me

so that only (tissue gram stain) and showshgrampmagativechacteniectiors have

time to attach mecapddiorared &Ft tRE tumor, denoted by arrows. WH@%C@EE?%%L?S
rowi ng in cel Lt.uL e r.a

|gn Vi V-g g u%of‘g-%lp%ht fiigroscopes (the SoP2 ST iSEaQI%CQB&/i%é‘rHiFi ned

as a vector whi A9ai8shpR ergldow baCkground di sti ngui sh

between a cancerous 25 Figure 8. Figure 8 1s an teﬁlreﬁekoﬁerﬁic:@ﬁabﬂeof 2
non- cancer ous erp

th
vect or section £zon a B16FLO nelanpnf Fike eoatfetrdt 2 Farab(S
and/ or remai ns WoxBEethat thad been 1noculated i.p. 42 hours emricderowsthal get

cell. 30 10 x 50° ﬁ?hEEeDE.SCB@?fEh@J%Q? ﬂﬂérﬂfﬁ%&ﬁe clone %ndr ugFI gure
e
(%on\ljle?'tjlrﬁgleﬁgslnes%y%lg%e'r W&k %ﬁpo%ﬁt%ec&sm@e 8?a€’%‘lf95%ePéﬁ“ﬁS| ng
priners cont ai nitHFOB5exPuidIe withsthe diighh wheranecbease ddttaddeNoih, Nsil,
Ncol , Sfil oFiBagé 7 hatThel m@vtrdésaph &ﬂbﬁslﬁﬁﬁﬁﬁéﬂ%”@@lﬁﬁnéﬂ]@'V'dua|
corrponent s. For XAt frud Ah bRetl190d5 DI SIS BnbPla Ny’ arrows, and
-7 15 in an area of necrosis. A single bacterium is also seen
within the cytoplasm of a dying melanoma cell. The cytoplasm
of the dying melanoma cell also contains numerous black
melanoscmes (m), characteristic of the B16F10 melanoma.
Magnification = 9,750x%.
20 Figure 9A-D. Figures 9A-D depict growth of
Cloudman S91 melanoma/macrophage hybrid #48 tumors in DBA/2J
mice under various treatment conditions. Mice were
inoculated s.c. in the flank region with 3 x 10° melanoma
cells. The tumors were palpable 8-10 days later, and some of
25 the mice were then further inoculated with Salmonella
typhimurium super-infective clone #72 carrying the HSV TK
gene. Twenty-four hours post inoculation with bacteria, some
groups of the mice were further inoculated i.p. with 2.0 mg
ganciclovir. Ganciclovir inoculations were repeated 6 times
30 over a 5 day period. Points represent caliper measurements
of tumors in 2 to 5 mice per treatment group at the days
indicated. Measurements in mm were made of length, width,
' and height for each tumor and volumes were calculated in mm?.
Average tumor volumes for each group of mice were defined as
35 100% on day 0, the beginning day of treatment. (Figure 92).
Control mice: no Salmonella; no ganciclovir (Figure 9B).
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drug converting enzynmes such as thym di ne ki nase, cytosine deam nase or
human m crosomal p450 oxi doreductase; (B) is a pronoter, which is active
in an inducible, constitutive or cell specific manner; (C) is a

N-term nal secretion signal 5 sequence, such as the [err]-Iactanase

si gnal sequence; and (D) is a Ctermnal secretion signal sequence, such
as the enteroi nvasive E. coli henolysin A signal sequence.

Fi gure 2A-B. Fi QYR e6/49%8B are phot oni crogr aphs of Sal nonel IPETUSPHIOZAEr i um

wild type strain ATCC No. 14028 10 infecting human nel anoma cell line M2. A
starting popul at fFenciclefirA®aly No. (Fi402& 96k - sthjmeoeddatanlyl c\Eliguref
I nfection i nt gppndss Brsneany {reundyRigeianoma cells before use in the

i nfection assay shown in -Fj.,qure -B. Figure 2 Li ght m.crqgraph of an
i nfected nel anoma cel | . FiElg"%?‘gez S DAPI Fgguﬁaﬁﬁ ﬁb‘g?ﬁ; ?r{-‘é’%@qq g‘ﬂgﬁf n"’b’“:f1
cell nucleus, (nfigunel MBrwhows a Slacredla typhidwribe-pdidctedaBh).
Fi Pgr f 3A- Ci Fisg B%ﬁ/c%ﬁ‘n%@éleioggﬁﬁ Qe &I %&afbﬁoaflated% i[Elo.,r)elt\.h@ht F_@Butmﬂ um
Wi ype strain : ring e cess of jinterpali i on
into human nel an§ﬁg e afn‘T“}ar{g‘a‘Z'ﬁﬁ%ﬁgeFihaBFéQBﬁg St Eﬂsr'asmﬁf‘cﬁgﬁr aph
of a host cell. appfarance 3. palpublst &umong sdme . hbstmige Iweglowi ng t he
EQS' ti OgCOf Lt he ?Lﬁeléﬁiélu?ed ((qr'E’QW)WiL‘%\pN% Bchﬁot‘ﬁtsj.tfdﬁﬁa' bai)ﬁ!ﬁ:lt ,e@}.!%éztyo?h.{zﬁ'ﬁeriﬁmst

i gure . Lysoso coprotern -1 _antibo S Nicr
cel | showing co- Fggﬁ??gtqcﬁabﬁl?sﬁethfs H%Xc%rﬁ’%f‘%vi (FI]|°F?§%)7§8WE 'aﬁEIIrLIB‘P’eC?
nel anosones. 10 to eat and FrgokeadiA-idfituel fbr 10 daysduznddheonverated
enzyne expresgh on SNt URFSahIBHRCSR! O 4SiRInkEy SRRy for
Fi gure 4A-B. Expre55|%)f of tlae Heaé{)%s Si r’rBI e thym dine Ki na?e gene
contai ning a [ er PEYRERT {PAFSe 98¥e i RPosg §?€'ﬁ%‘?’ sg}c}[ﬂ%ﬁ%e“f P8, ARBAEFES
t yphi muri um supemiceafieets wepresehtatd vE2 of Fthergentkall svatmidfottuanal ysi s of

Sal monel | a Uy BBbEHE 430 BrS ihan e U NG 18Bnalhia-tHeaRA0L PRAlL @B EEROY.
Lane 1. bacteria containing only the plasmd vector p279; Lane 2: strain
14028 wt (CDCB8162885° (MD) containing the 35 cytopl asmicly expressed form
of TK (pHETK2); Lane 3: stFigume 11A-11H relate to the effects of

gancicylovir on tumor cell growth, in vivo or in vitro.

Figure 11A-B. Figures 11A-B depict a control

(Figure 11A) and a Salmonella typhimurium-infected (Figure

20 11B) DBA/2J mouse. The mice were inoculated (s.c.) with
Cloudman S91 melanoma/macrophage hybrid #48 tumor cells.
Upon the appearance of palpable tumors, some of the mice were
inoculated with 3 x 10° c.f.u. Salmonella typhimurium clone
#72 containing the HSV TK gene (clone #72°32), Control and

25 Salmonella-infected mice were then injected (i.p.) with 2.0
mg ganciclovir a total of 5 times over a 4 day period. The
mice were then treated.with Sulfatrim™ antibiotic in their
drinking water for several more days and photographed., The
depicted mice are representative of the general state of -

30 tumor progression in mice, either in Salmonella-treated and
untreated cages.

Figures 11(C-E) show the effect of ganciclovir on
the growth of Bl6F10 melanomas in mice with and without
inoculation of Salmonella typhimurium clone YS7211 (Figure

35 11-1 A); clone ¥YS7213 (Figure 11-1 B); and clone Y¥YS7212
(Figure 11-1 C).
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14028 clone 72 containing the cytoplasmcly expressed form of TK
(pHETK2); Lane 4: strain 14028 wt (MO containing the [err]-

- 18 - | actamase fusion formof TK (p5-3); Lane 5: strain
14028 clone 72 containing the [err]-lactamase fusion formof TK (p5-3);
Lane 6: strain 14028 wt (MO containing the [err]-lactamase ] fusion form
of TK (p21A-2); Lane 7. strain 14028 clone 72 5 containing the

[err]-Iact amase™PI¥3% f or m of TK (p21A-2). Rel ative nol RAEP6/HESDs x
10[err] is shown on the left. No anti body reactivity is seen in the

"vector only" control Figure 1)1-F|is eaghraphnghawiare theegogwtdplofsBLeELd y
expr essed TK m'e&aﬁbﬁse@él:(é-fi@xe&iago?éﬁﬁlmh‘i?rm&rth][esﬁi-;gﬁeg?ceofogt Ihgaégr
rotein are seen; Lgher_nol.ecul ar i sof or m cant al,n

Eequence and a Irk(?\/?%?g%m{ggc%ﬁnacrm g%"”i%mgfﬁl(s?r Hﬁ’zﬂgr%ﬁ #° (ML | eader sequence
has been proteol ytical |y Elemeedloffis |an grapbashoviage thheeffedeolfact eri a
express the TKs gameibeov]r |G ch@BgLowth %lfgaatpﬁ@q:\eq%%maaﬁwnnir@hﬁgfgcﬁl ; <r3
7) two: ngjor is . e,prote re also seen: a,highe

mass form co(rﬁog'?gﬁﬁlgétjg{goctslﬁrlﬁ‘ﬁgfm:s%%%@?&gnﬁ IPRABHE ST r‘fﬁﬁ%%l

i sof or m wher ei n ®@F&EYingnehe Y shreidine béoaserarren| wSrealfp5-3, elichvat
off, which is thdathate GipdlarlyigDl ecul ar mass as the processed form of
t he cytoplasm c enzyne. 20 ure ure 4B.

. Fi el at|ve enzyme
activity associated wi t1eeschof ﬁ%@ggﬁﬁBPe@?“ﬁnﬂ %h?ee‘{é;"én?%r@“al
activity is 10 #rpresseef gpnaisloviniomthbegrowtic minBa6BLO [nexlahbifs in
phosphoryl at ed imica SbBIsiaird %agaulatawmrtaa?hagglzg;at)@aigtaz r{:{%}lziné%?i?zmcél?z?% {nol :
the vestor on ;@ggg%)?gs%%ﬁg@ﬁha RS &Gy plad rpartoRerer XS 105 T
activity are observed in Figure 12A-B are electron micrographs. Figure 12A

is an electron micrograph of a section from a HCT 116 human
15 colon tumor excised from a BALB/c nu/nu mouse. The mouse had
been inoculated i.p. 72 hours earlier with 2.8 x 10° c.f u.
Salmonella typhimurium super-infective clone #72 containing
the HSV TK gene, clone #7252, Shown in the micrograph are
numerous Salmonella typhimurium within the cytoplasm of a
20 neutrophil associated with the tumor. Some of the bacteria
are undergoing division as denoted by arrows. The neutrophil
or polymorphonucleoleukocyte is characterized by its multi-
lobed nucleus {n), (Magnification=21,000x).
Figure 12-B is an electron micrograph showing
25 numerous Salmonella typhimurium, denoted by arrows, in
extracellular spaces as well as contained within a single
cell, possibly a neutrophil, seen in the upper left. Also
seen in the field are two unidentified cells that appear to
be dying as indicated by the large intracellular space, along
30 with cellular debris.
Figure 13. Figures 13A-B depict Leishmania
amazonensis adhesion to human melanoma cell line M2. Figure
. 13A. Phase contrast micrograph showing parasites attached to
) cell, (arrow). Figure 13B. DAPI staining showing the
35 parasite DNA, (arrows), and the host cell nucleus, (n).
Figure 14. Figures 14A-C are photomicrographs of
Leishmania amazonensis during the process of internalization
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the wild type and the super-infective clone 72 containing the

cytoplasmc formof TX pHETK2, Lanes 2 and 3. Simlar |evels are
observed in both the wild type and super-infective clone 30 72 contai ning
the [err]-lactamse signal sequence fusion isoform of TK p5-3, Lanes 4

and 5. Lower levels are observed in both the wild type and
super-infective clone 72 containing the [err]- | actamase signal sequence
f usi on i sof or m WO IKIBP1A- 2 Lanes 6 and 7. 35 PFHUTe % i s a
schematic of the different Herpes Si mpl ex Virus thym di ne kinase
secretion and exmmmuaan meramﬁ:tar welly. line M2. Figure 14A. Phase

19 - ntrast néaQ: ﬁa@ﬁ:ﬁ&g@é' C(@frolvi e Qﬁééﬁrn%nﬁ
human m cr oson® cytoc roma oxI dore

uct ase ex re55|og const.ructs.
Figure 4-E i s a Befferfgtlilc o?lw 24Bco| PARY (S581RLNS %l?é‘f‘?‘n Be R38N and
expressi on constsficthe parasite, (arrbiyyrend-thel bhoat greiih nskdennsg (dle anmount

of 5-FC CO”VEr% ée 1§CFLJ§%i grsg? %EﬁgﬂaﬁhaLAMP -1 ant bodng%§§ éA B.

Figure 5A-B aré om crogr I C sections rom a
S91 nel anona/ macebpHiey&osb es .stzlw#%gg%mﬁjt éaﬁ*emrar%fo&élﬁy ?ﬁt%“EBAPQJ
mouse. The t UupRe LmsemssSEd froma nmouse that had been inoculated 2

days earlier vmth3x10[ Sal d 35t XD p
i nfective clone #72 carryi %%Jlaf%elﬁ-ié\/DT HP“ﬂFJ aFo%eB @ EEH gﬂ?’mgre 5A.
A section st ai ned@xeWtth ofefaiaegedls mhéﬁgﬁ'ﬂmﬂﬁ%%v\%z t%lc gBe| ¥Saieh i
central area 0b MBEIR Sedden o8 e dudplement s WA thFgDutessbBnlk; sBediwm 56

stained wiih Bropel o8t Bils adehiih) oA Y, NaMUInd] ARIHAA! T VE
and uracil; or Medium 56 with tumor extract (10%) only.

Figure 15-D is a graph depicting growth of
Salmonella typhimurium clones 72 and ¥S7212 following

15 invasion into human M2 melanoma cells in culture.

Figure 16 A-D are graphs showing growth of B16F10
melanomas in C57B6 mice with and without inoculation of
Salmonella typhimurium strains ¥YS721 (Figure 16-A); ¥YS7213
(Figure 16-B); YS7211 (Figure 16-C); and YS7212 (Figure 16-

20 D).

Figure 17 is a graph showing that combination of CD
and 5-fluorocytosine prolong the survival of animals bearing
B16F10 lung metastases when the animals are infected with a
tumor-specific vector carrying the cytosine deaminase

25 expression construct ¥YS7212/pCD-Secl.

Figure 18 is a graph showing TNF-a production by
human macrophages incubated with lipopolysaccharide isolated
from wild type and attenuated strains of Salmonella
typhimurium,

30 Figure 19 is a bar graph demonstrating the effect
of clones YS87211 and YS7212 expressing the HSV thymidine
kinase gene, ¥S57211/p5-3 and ¥S7212/p5-3, respectively, on
mice bearing metastatic B1l6F10 tumors with or without
ganciclovir treatment.

35
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necrotic area of the tunor, denoted by the arrow. Wen vi ewed under a
| i ght m croscope, the bacteria stain 20 pink/purple against a yellow

backgr ound. Figure 6. Figure 6 is an electron mcrograph of a
section of a C oudman S91 nel anona/ macr ophage hybrid #48 tunor exci sed
froma DBA/ 2J nouse that had been inocul ated I .p. 42 hours earlier with

4 x 10[err] Sal nonella typhimurium 25 super-infective clone 72. Visible in
t he micrograph aMO%6#8238 Sal nonel | a typhi muri um bacteria, deffe¥EX6pzso
arrows, al ong wi t h nunmerous nel anosones (m, sub-cellular organelles
characteristic of nel eanonmaDEPAISED DESCRIPTION IOFZ #EE OINVENTIONSAl nonel | a and

such nel anosones i ndi cat esTﬁP%régﬁgﬁﬁlg& n3Qsaé§6%%§eﬁfQB LRe ti51ation

cytopl asm of the nel anona. ce , cat1on=2 .

Figure 7. Figure 9fimo@l kBesapeytdsr apR dtagpostigi BRAAYGIIC ¥eeEPGH H¥om a
B16F10 nel anonma geslddGumors tétedr)esush yas eaxcohdBl/ dalrdimoses, Thenghomas
was excised 35 gr | n S l,d i th
1.8 x 10[err] C.Efeﬁ gai %ﬁ%f‘??‘%%?%ﬁ‘?%ém gl?gjer-%fe%’t.i g&c%%ﬁ% eﬂoﬁ\%
carryi ng the HSV and JeWersTRE thetgephsalereiquneyfkem, including, but not

- 20 - . limiteBR®, { bf@dstexanteed prdstatbecehest | @@riiedDsRoRerqS
detai | ed in Fi 9%‘4&;% %ﬂ@ﬁ?%dn‘y‘c e ,tadbxil& al Lo RLOWRLEE 80 8t al n
(tissue gram stain) and shows gram-negairve bacferia in d necrotic area
of the tunmpor, dentARRPlhHy tAYFOWR. Canggen IPENRIYoBaungeions | P§REreAtrDscope,
the bacteria stai Gafidik/ BubRh€h cant@@i NSivér \ainkew, beskd @dRder, melanoma

Figure 8. Figure 8.4 5., elect’ o JiGr0a! A difeady pefSF a9 LAOMLSAI6FI O

mel anoma tunor excise . _ X
intracellular parasite vectors; methods for the isolation of

the novel vectors; genetic engineering of the isolated
vectors; and methods for use of the novel vectors as well as

15 other vectors in treatment or detection of solid malignant
tumors, including metastatic tumors and tumor cells.

6.1. NCOVEL VECTORS AND METHODS FOR THEIR ISOLATION
The isclated vectors, which are for example,

20 bacteria, fungi or protista, are able to differentiate
between cancerous cells and non-cancerous counterpart cells.
For example, the isolated vectors are able to differentiate
melanoma cells from melanocytes or differentiate colon cancer
cells from normal colon epithelial cellgs. Table I is a

25 representative list, which is in no way meant to limit the
present invention, of intracellular parasitic and pathogenic
microorganisms which are useful as tumor-specific vectors for
the present invention and/or for isolation of novel mutant
strains which are super-infective and tumor-specific vectors

30 for usge in the present invention.

35
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nouse that had been inoculated i.p. 42 hours earlier with 1.8 10 x 10[err]

Sal monel | a typhi nuri um super-infective clone #72 carrying the HSV TK
gene. The section was fromthe sane tunmor examned with the |ight

m croscope as detailed in Figure 7. The m crograph shows nunerous

Sal nonel | a typhimuriumin extracel lular spaces, denoted by arrows, and
15 in an area of necrosis. A single bacteriumis also seen within the
cytopl asm of a dyY@8M4%Banoma cell. The cytoplasm  of the dfRFSHENERoma
cell also contains nunerous bl ack mel anosonmes (n), characteristic of the
B16FI O nel anona. Magni fi catl on = 9, 750X TAEﬂE 1 Fi gure 9A-D

Fi gures 9A-D depi

#48 tunors in DBA 2] m-ce under var | ous treat ment condl tions. Mce were
inoculated s. c. in th@ﬁﬂ@ﬁﬁﬂ%‘ﬁl‘@?\ LASThOB QRGAYIEMS | USRI Hnd¥a VECTERS | s.
The tunors were pal pable 8-10 s | ater, and sone of 25 the mce were then
further inocul atef* g%‘g‘l"r"fﬁn erlit phi muri um super-infective clone #72
carrying the HSV TK § hours post inoculation with

bacteria, sone grougé%ﬁg;ltcﬂ an}:gpl vvere further inoculated i.p. with 2.0
ngy ganci cl ovir. Ganghid@dhirakNes WhadHBIsh\ eI gpIriepeated 6 tinmes 30 over a
5 day period. Points regfRerillacghémmsphidasur ements of tunors in 2 to 5
m ce per treatnment groSplranetlie dpyisi i ndi cated. Measurenents in nmm were
made of |ength, width,Salmaned lhekyphinuniugach tumor and vol umes were
calculated in nglerr]. Shlg%&\lérﬁ E iumr vol unes for each group of mce were
defined as 35 100% on ”‘Zf]: day of treatment. (Figure 9A).
Control mice: no Sal noh&9*& ansnéﬁﬁ T é\fgr (Figure 9B).

- 21 -

Gram positive bacteria

BCG (Bacillus Calmette-Guerin)
Chlamydia trachomatis
Listeria monocytogenies

15 Mycobacterium avium
Mycobacterium bovis
Mycobacterium tuberculosis
Mycoplasma hominis
Rickettsiae quintana
Streptococcus spp.

20 Fungi

Cryptococcus neoformans
Higtoplasma capsulatum
Pneumocystis carnii

Apicomplexans
25 Eimeria acervulina
Neospora caninum
Plasmodium falciparum
Sarcocystis suihominis
Toxoplasma gondii

Kinetoplastida
Leishmania amazonensis
Leigshmania major-
Leishmania mexacana
Leptomonas karyophilus
Phytomonas spp.
Trypanasoma cruzi

30

Microsporidians
35 Encephahtozoon cuniculi
Nogema helminthorum
Unikaryon legeri
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Ganciclovir only; (Figure 9C). Salnonella only; (Figure 9D) .

Sal nonel l a + ganciclovir. Figure 10A-B. Figure 10A shows a
control nouse and Figure 10B shows a Sal nonella typhinuriuminfected
(7B) 5 DBA/2J nouse. The mce were inoculated (s.c.) with C oudnan S91
mel anoma/ macr ophage hybrid #48 tunor cells. Upon the appear ance of

pal pabl e tunors sone of the mce were I noculated (i.p.) with 3 x 10[err]
c.f.u. Sal nonel WO 2{#p233B nuri um cl one 72 contai ni ng the HSVPETRUSKSARSE cl one
#72[err]), allowed 10 to eat and drink ad libitumfor 10 days, and then
treat efl W g h Sul fatri mger baﬁﬂét’ihi'{:otsiagmbzﬁbm‘aﬁitrygﬁﬁjnaﬂzﬂﬂ \Wakebadtrium
several nore days,. .a ogr.aphed. s in.the depict; . mce \
epr coent at ve. oFYERESaRara BPEH, S Ehfororotbel o Peltilnnia, ThifatElds
Sal nonel | a- t r eat ee@rRFruPRTSArBlanly tggfyl vectors for theippesentiA- 11H

relate.to the ef igeéstitn, sig38CLELM Df Ehose tdﬁ@éhiﬁﬁHsl@d%ﬁtuk@l?/i vo or
In vitro. | gy -B._Figures - I ct a.control.
(Figure 11A) ar?dpgeg’;ﬁenr%neg# g %%%&%ﬁﬂ%%i%’%%?téggt?g&gﬁ e ?Tﬁsaﬂ?,A/ 2J
mouse. .The ni ce Rel&ditmom geaeey soellp dit bissueCcydawae, SFL opposed to

rre: anglmal macr Ophaeﬁ-clsaﬂzf]ger@uwapﬁmpa%l E&l1s. lléaaaet B&@&g&%&?ﬂ?? ffch
pal pa e tunors, _so of._ t,ne ce were nqcul.at e I o9 X, er.r

P o Cal moner | B5C DRI LAy hitne macyzal (RS Ee gt shalidfl Blddeen
(clone #72[err]) camepnqusl ceads2anddihadmentr-¢ancesrud aPertaypartt pehls
injected (i.p.2o théP & dired8lgadispiGlcavilé o thHealmehods tidEAiaYREs e brday

period. The Lce were then treated w th Sulfatr] rr] antliblotic,i.n
their dri nki ngrﬁ% & 8rc°85é;érrl%lt° ths ﬁeéjent nv%%gﬁorapkqf{éjgéverﬁ’ectms

nmor € S an

depi cted m ce ar Sur@prspeeitac 9bibitl{:hésg§ﬁé( @s,stheeabil By ttognbe super-

r;_r Ogressili?ci E) rriiﬁeec@ﬂ'ﬁ;éwgﬁ bam&a.]téa)rt@ kaftwmtdecéygad ardft rs@ﬁhel];d Wme%%
i gures - show t effect o cigloyir on e qaro 0

mel anomas in m cgng\na?%?‘gﬁcrll dvms?%%%'fe@afnoirno u‘}/% nlggl’t]: h8f méa ?r%sn.ew‘!l( gh?y%ﬂ?snel?rj'ti um

cl one YS7211 (5 goven3en] gdeschnjbed|ighSeesionsg §-Ri-gufelid-1 Mfraand cl one

YS7212 (Figure 11-1 Q). - 22 -

6.1.1. ISOLATION BY CYCLING THROUGE IN VITRO
TISSUE CULTURE

One embodiment of the present invention is to

20 isolate the novel vectors of the present invention by cycling

a microorganism through a pre-selected target cell,

preferably a solid tumor cancer cell, with one or more cycles

of infection in in vitro tissue culture so that the cycled

population and/or clonal isclates therefrom demonstrate

25 enhanced infectivity of the target tumor cell as compared to
the starting microbial population and enhanced selectivity as
compared to the non-cancerous counterpart cell. The method
entails selecting a parasite or pathogen and adding the
microorganism to an in vitro tissue culture system of the

30 particular type of solid tumor that one wishes to use as a

target cell. For example, if one desires to target melanoma

tumors, the target cell may be M2 human melanoma cells.

After incubating the tumor cells and microorganisms together,

. which allows enough time for the microorganism to attach
35 and/or infect the tumor cell, the tumor cell culture is
y washed with either buffer or medium which contains an

antibiotic agent effective against the specific microorganism
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Figure 11-F is a graph showi ng the growth of B16F10 mel anoma cells in
nonol ayer culture in the presence or absence of ganciclovir at 10
[err]g/m or 25 [err]g/m. Figure 11-Gis a graph show ng the
effect of 5 ganciclovir on the growth of B16F10 nel anomas in m ce

foll owi ng inocul ati on of Sal nonella typhi nurium clone YS7211 carrying
the HSV thym di ne ki nase gene, YS7211/p5-3, with and W t hout
ganciclovir. WO096/40238 Figure 11-H is a graph show ng t he PETUS10250
total 10 anounts of ganciclovir on the growh of B16F10 nel anomas in

m ce foll ow ng iaseal atThen ant ihiGad crerenkakiyphianyr niorcdyenismsYEER2G 1

carrying the HSVuLhym gl '}&tﬁkﬁﬁé&%&l §§Z&1&d R¥e3tumor cell.  If Figure
12A-B are el ectron mcrogqr%% ure f I's _an el ectron m(é%?grah of

a section from adfEirads YhenaR i@%l%’l‘f‘%uﬁﬁ}l SMdituzg P RS imsrbrEedu/ nu )
nmouse. The nousefhather ireaediwecedrdadthingpantibieeticsfenrtamying thm@s8 X

10[err] c.f wu. a plP il f.ec 2

cont ai ni ng tshdeggblﬂ?(%e oénéw dﬁ%}%ﬁffﬁd&:& ‘tﬂi&e?‘# %qg#% F%p are .
nunerods Sal monefkPaLlayashi nﬁ'PFuﬁ%‘%‘R]}ﬂ'n foreleydei iasHPation HMe8ut FBBhi |
associated with hEIEernlsSOﬁBp@faﬁm Raclated has aﬁnamrmvmgani Vi si on

as denoted by ar o}y, gy
characteri zed by&ﬁ%ﬁ’zoﬂ]—%}%ﬂ%&éﬁf\gﬁ @bﬁ&éﬁéﬁg J( %ﬂ %%QU&%I catl on %gooo X) .
Figure 12-B i s afcEpPa¥ed &9 fher sepepinds RORPAAEI0n REnBi SYROLSHNSREL | a
typhi muri um denatadt bynaAnyoWshe i solatedt papeiduﬂoae 8ances adtoeekl Bs

contained withi nlgoﬂa,rglseinﬁlecgé’ e}pq_,sl%hggy %ttggg +| Sescg%aﬁhg gt he upper

left. Also seén tWo uni ear to
be dying as indicated by {The quét%tam&éillww §gacecligdhing apdwiysed.
cellular debris. thus freeing th&i itfernkd izEH0ni &ockddnbBetiepi athel €i shmani a

amazonensi s adhegl o0, {0 NUTAN IR AN GEb1AldE Yy kbffE by

15 centrifugation (2000x g for 4 minutes) and resuspending in
fresh medium. The isolated microbial population may then be
used for additional cycles of infection into and isolation
out of the target tumor cell. The isolated microbial
population may be placed first in appropriate growth medium

20 for 1-2 doubling times before being subjected to additional
infection cycles to insure their viability. The isolated

L4

L]

microbial population may also be cultured so as to isolate
and collect single colony clones. The isolated
microorganisms may also undergo known in vitro techniques to

25 determine their relative infective and selective abilities as
compared to the "wild type” parent strain which did not
undergo in vitro selection. For example, in side by side
comparisons one may test the relative infectiveness of the
isolated microorganism as compared to the "wild type" by

30 using assays designed to quantitate the number of
microorganisme which have attached to or invaded the target
tumor cell and/or their ability to distinguish between
cancerous and non-cancerous cells. In addition, parameters
such as microorganism population density, may be varied in

35 these in vitro assays which assists in determining what a
effect the overall concentration of inoculum of the clone or
population being tested has on the ability of the
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13A. Phase contrast m crograph show ng parasites attached to cell,
(arrow). Figure 13B. DAPI staining showing the 35 parasite DNA, (arrows),

and the host cell nucleus, (n). Figure 14. Figures 14A-C are
phot om crogr aphs of Lei shmani a amazonensi s during the process of
i nternalization - 23 - into
human nel anona cell line M2. Figure 14A. Phase contrast of a Leishmania
trypomasti got e, W@apa40288, entering a host cell. Figure 14BPCT#I6/16258ii ni ng
show ng the position of the parasite, (arrow), and the host cell

nucl eus, (n). = 14C._Lyso co ein_ L IVP-

st ai ni ng of tﬁ c%go g%ﬁﬁﬁms W%h ersgkx%%$lz§FFSn 1%5 ?erla and
the |ysosones. cells and thﬁngun@nﬁﬁﬂmepuﬁﬁiﬂHﬂ&ersaﬁF{}are gr aphs showi ng
growt h ,of Sal nonel | a typhlmsﬂ aﬁmmmeazzva@kaedp%eoh@g@e% 1AF&Ot IRrej mal

Medi um.56 suppl e ucose on ucose, Ius
adeni ne, vitam nEE{,}og s%%(}l%m ngecE/ Xlaybéj &' &yg%f.limgv)é&rowgg uth 56 J\”f\i’th
tunmor extract @19@&8@m|qulture, see Sectthg%reﬂﬁ@?ﬂD is a graph depicting
gr ow h.of Sal nonel | a typhinuriun1c|ones 72 and YS7212 foll owi ng 15

I nvasion into human M2 nel o cel Fj e 16
A-D are graphs showi ng gr hggf Bﬁi@gmggigﬁgrﬁﬁ@n? T@?ng rﬂvcg%t h and
wi t hout i nocul ation of SalnDneg;;EEnﬂﬂ7nn#1nn1371n75’7€72f1ﬂﬁ1ﬁn

16-A); YS7213 (Figure 1@rgfrhey ipeRgUPE the Breserf IpIPRE2ORH Y 16-
20 D). 1s01&@uﬂ@ héved veqdiozBhoshehd nyesbat Cordiitiohi bp OFcllhg
and 5-f1 uoroc Ogh@emp&oa ol B, SHNENAboPla LS 10539410 1y P16F10 TUNG

nmet ast ases when ani ma are
procedure is performed using experimental tumor models in

mammals such as, for example and not by way of limitation,

B16 mouse melanoma cells which form melanoma tumors in CS7Bé

15 mice and HCT116 human colon carcinoma cell which form colon
carcinomas in nu/nu and other immuno-compromised mice.
Additionally, fresh biopsies of tumor tissue which are
obtained surgically from a cancer patient may be used to
inoculate nu/nu, scid or other immuno-compromised mice.

20 These tumors in mice which have grown from inoculated cancer
cells are used as in vivo targets for the isolation of super-
infective and tumor-specific vectors in a similar manner as
in vitro target cells. Any tumor growing in mice or any
other animal may be used in the present invention as a target

25 for the isolation of super-infective and tumor-specific
vectors in vivo.

Once the tumor is established in the mouse, by, for
example, inoculation of cancer cells sub-cutaneously or
transplantation of a tumor mass, the selected microorganism

30 is inoculated into the mouse. After a pre-determined
infection time after inoculation in which the microorganism
becomes co-localized with the tumor and/or infects the tumor

. cells, the mice are sacrificed, the tumors excised, weighed
and homogenized. &An aliquot may be diluted into the proper
microorganism growth medium and incubated at the proper
growth conditions for 1-2 population doublings to insure the
recovery of viable microorganisms for successive inoculations
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tunor-specific vector carrying the cytosi ne deam nase 25 expression
construct YS7212/ pCD- Secl . Figure 18 is a graph showi ng TNF-a
producti on by human macr ophages i ncubated with |i popol ysacchari de

I sol at ed fromw ld type and attenuated strains of Sal nonella

typhi murium 30 Figure 19 is a bar graph denonstrating the effect
of clones YS7211 and YS7212 expressing the HSV thym dine ki nase gene,
YS7211/ p5-3 and W8P¥48B3%5.3 respectively, on mce bearing Hetu@eyyeic
B16F10 tunors with or w thout ganciclovir treatnment. 35

- 24 - into tumor b@aru@'zmé ED ﬁ%ﬁgk PT;I_Q\!-_}Q: 1-5'6|Ea£é\y %Qé'tlon

The present invenfion |s directed to.the isolation . of oveI therageutlc

and di agnostic patfadi® PRIGEI? FFuccegpive ingaudat ipns ]Ehr?(‘,‘@f’g ey, Lice,
sarconms, carci noupss, ekghpsonessiyeoinotiiatisal i the ummbezanters, for

exanpl e, germli rl&éx’t%?&énis dé”‘iqi tt%&@“iéo&hatt'&eaﬁ&r‘ﬁﬂé"u%r Y8 USn LU B may

I ncl udi ng, but not imte reast cancer %ﬁost ate cancer, cervi cal
cancer, ut er F ke cEARERd FQuHRSTEASE the)\AITLRASR gStien for tumor-
cancer, t hyr oi d cspmlf;cassdsrm;ésonaAdgitmrm,llyanthaaﬁtsqiatadcpmﬂratlsherrach

cancer, liver canggy ,beCQLQB&?d“E%r 158? %{I%Igle 881bdy) %1"onL=!§eusB§SC“ bed,
in detail below are th racel parasite vectors; net hods
for the |solat|CHF§ﬂn dard technlques The isolated microorganisms may be used

also in in vitro assays to determine their relative infective
10 and selective abilities as compared to the ®wild type" parent
strain which did not undergo an in vivo selection procedure.
For an illustrative example of super-infective,
tumor-specific vectors isolated in vivo in tumor-bearing
mice, see Section 9, infra.
15

6.1.3. ISOLATION BY IN VITRO CHEMOTAXIS USING
MEDIUM CONDITIONED BY THE TARGET TUMOR

CELL
Another embodiment of the present invention is to

provide methods for isolating super-infective and/or tumor
cell-specific vectors by chemotaxis so that the isoclated

20

microorganisms have increased chemotactic ability towards
tumor cell secretory products. The method entails using
capillary tubes which are loaded with either liquid control
medium or medium that has been conditioned by the target
25 tumor cell as described by Adler (1973, J. General
Microbiology 74:77-91). Conditioned medium is wedium in
which the target cells have been grown and subsequently has
been filtered to remove the cells. One end of the capillary
is sealed in a flame; the capillary is then quickly passed
30 several times through a flame and is immediately plunged open
end down into a beaker containing either the conditioned or
control medium. BAs the capillaries cool, the liquid is drawn
up inside.
The loaded capillary tubes are inserted open end
35 down into a centrifuge tube containing medium and a

suspension of the pre-selected microorganism. After a pre-
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t he novel vectors; genetic engineering of the isolated vectors; and
nmet hods for use of the novel vectors as well as 15 other vectors in
treatment or detection of solid nalignant tunmors, including netastatic
tumors and tunor cells. 6. 1. NOVEL VECTORS AND METHODS FOR
THEI R | SOLATI ON The isolated vectors, which are for exanple,
20 bacteria, fungi or protista, are able to dlfferentlate bet ween
cancerous cel | s VE¥/498- cancer ous counterpart cells. For eP&R{iS¥/10350¢

I sol ated vectors are able to differentiate mel anoma cells from

el anocytes or didetersimeditperdiotonf cinmmdyationedt S7PCommnehiall tdel on

epi thelial cellsniZabbRgdnich Rnéfiof RIS IRRbALRY CdgliSarphigled 5 chig no_vay

neant to limt the resen i nventi on, gg | ul ar ar%éjtlc
pat hogeni ¢ ni cFG8Y ?ﬁ%rﬁi‘ eﬁea’Feé“‘?]’félf E’IF‘tﬁ IERBP: shiat | 153 aFe R ?sa?‘eor
t he present invemmeuadammﬂ(nhefopens@l@&puﬁiamiemau&ltuanaﬁerreQNMmapns whi ch

?;Seﬁgfga"rﬁfﬂg'dégtéﬂguéé“ﬂﬂbe§p@EhEéihiﬁgchﬁEfléﬂl ek i HA Capddpfi8 aRECESA!

the particular microorganism. It is 1mportant that the upper
tips of the capillary tubes are covered with an appropriate
medium for the particular type of microorganism to assure
gquantitative recovery of the microorganism from the capillary
10 tubes during centrifugation. The capillary tubes are
centrifuged, for example, at 4000x g for 4 minutes, to force
the microorganism out of the tube. The capillary tubes are
removed, the microorganism resuspended, and an aliquot spread
onto the appropriate medium in either solid or liquid form to
15 allow for quantitation.

Significant increases in the number of
microorganisms entering into the capillary tubes containing
conditioned medium as compared to controls indicates a
posgitive chemotactic response toward secreted products of the

20 target cell found in the conditioned medium. The populations
isolated by this in vitro technigue can undergo successive
chemotaxis assay isolation or be used to isolate single
coleny clones. These clones or populations can be compared
to the "wild type" parent strain in their ability to

25 distinguish between the target cancerous cell and the non-
cancerous counterpart cell as well as for super-infective
ability.

For an illustrative example of super-infective,

. tumor-specific vectors isolated by in vitro chemotaxis using

30 tumor cell-conditioned medium, see Section 8, infra.

6.1.4. ISOLATION OF MUTAGENIZED VECTORS
s In any of the above-described methods for isolating

super-infective, tumor-specific microorganisms, the "wild
35 type" parent microorganism can be subjected first to
N mutagenesis before the microorganism is subjected to any
isolation or selection procedure of the present invention.
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TABLE 1

REPRESENTATI VE LI ST OF ORGANI SM5 USEFUL AS VECTORS

Gram negati ve bacteria 5 Borrelia burgdorferi Brucel |l a

melitensis

Escherichia coli ent er oi nvasi ve Escheri chi a col

Legi onel | a pneunophil a Sal monel | a typhi Sal monel | a

t yphi muri um Shigella spp. 10 Treponerma pal | i dum

Yer si ni a enterocohtica Gram positive bacteria BCG (Baci | | us
Cal nett e- Guer i n) WO 96/40238 Ch| anydi a trachomati s . Li st er PaI/US96/10250
nonocyt ogeni es 15 Mycobact eri um avi um Mycobact eri um bovi s

Mycobact eri um t ubEox #xsopde, bacterifysvpl subiedredi hpstreatment Ritkett si ae

gui nt ana
neof or nahs

ﬁﬁﬁgdé%ﬁ(i%né%d uZQrEuﬂsnet B irradfIBAROBBCENSt the

L0 as ca unocystis car
Api conpl exans 25 hetd i %Ef FFﬁé21 is m°dlﬁé8§ﬁg?%ﬁiéﬁgnfﬁhéhe
ci phbrerad expressiSar ofcgenes, sthoqualstatively amdxopl asma

Pl asnodi um f al
gondi i

5

10

15

20

25

30

35

quantitatively, in the microorganism. Other types of
chemical and high-energy mutagenesis are well known in the
art. For example, alkylating agents such as dimethyl
nitrosamine or ethyl methane sulfonate, or intercalating
agents, such as ethidium bromide. Other approaches include
transposon mutagenesis to introduce genetic flocks or fusions
of genes with new promoters. Any mutagen can be used in the
present invention to create mutant strains of microorganisms
which may then undergo any of the selection methods of the
present invention.

For an illustrative example of mutagenesis, see
Section 7.1, infra.

6.2. GENETIC MANIPULATION OF THE SELECTED VECTORS
FOR DELIVERY OF GENES AND/OR GENE PRODUCTS TO
THE TARGET SOLID TUMOR CELLS AS WELL AS FOR

ATTENUATION OF VIRULENCE

6.2.1. GENETIC MANIPULATION FOR DELIVERY OF
GENES AND/OR GENE PRODUCTS TO THE

TARGET SITE

After the selection processes described above in

which one obtains a super-infective, tumor-specific vector,
one can genetically engineer such vectors so that any desired
gene or gene product ie delivered to a target site,
preferably the site of a solid tumor, more preferably, into
the tumor cell itself, the necrotic areas of the tumor or
into tumor-associated lymphocytes and macrophages.
Additionally, one can genetically alter naturally occurring
microorganisms which have a natural ability to infect tumor
cells and/or be tumor-cell specific. These vectors are
genetically engineered by a wide variety of methods known in
the art, for example, transformation or electroporation. In
a preferred embodiment of the present invention the vectors
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Ki net opl asti da Lei shmani a amazonensi s 30 Lei shmani a maj or

Lei shmani a nexacana Lept ononas karyophi | us Phyt ononas spp.
Trypanasoma cruzi M crospori di ans 35 Encephaht ozoon cuni cul i
Noserma hel m nt hor um Uni karyon | egeri

- 26 - The bacterium Sal rmnel la typhi murium the

bacterium Mycobacterium avium and the protozoan Lei shmani a amazonensi s
are each parti coW@pP$¢4P2isef ul vectors for the present i nventPCHASI6028e
each of these organi sns shows natural 5 preference for attachnent to and

penetration intoageréiginecr®d kg aénrwﬂceaezeid&ején%si Botﬂlfe'Slt%r@HUthﬁtﬁar as
opposed to non- Cg cerqﬁ§ count er art cel fl$ nce tgese vecto such

as Sal nonella, h&V nat-ural “aprtee )geingsdfxsl E‘tl%veconvercan er ous
cells and their BBRAY®SHCFIss aéoaﬁmerqmmpéexl@mdtlneykma@edu(ﬂgétwd

applicable to theagebhosls dylosdhaddivinage (cpire absﬁf&qn@teg e@ethe
present i nvention

b 11ty o b dufep- EoRtE uelrStes AdoXTRISA \Sardiclor it F3p88rindy;

strain;nay be them toxic via their incorporation into genomic DNA. CD

he

converts the non-toxic S-fluorocytosine (5-FC) into S-
fluorouracil (5-FU), which is toxic via its incorporation
into RNA. Additional examples of pro-drug converting enzymes

10 encompassed by the present invention include cytochrome p450
NADPH oxidoreductase which acts upon mitomycin C and
porfiromycin (Murray et al., 1994, J. Pharmacol. Exp.
Therapeut. 270:645-649) .

Prodrug converting enzymes are being widely

15 employed for use in gene therapy of malignant cancers (Vile
and Hart, 1993, Cancer Res. 53:3860-3864; Moolten and Wells,
1990, J. Natl. Cancer Inst. 82:297-300; Wagner, et al., 1981,
Proc. Natl. Acad. Sci. USA 78:1441-1445; Mullen, 1994, Cancer
Res. 54:1503-1506; Huber et al., 1993, Cancer Res. 53:4619-

20 4625; Waldman et al., 1983, J. Biol. Chem. 258:11571-11575;
Mullen, et al., 1992, Proc. Natl. Acad. Sci. 89:33-37; Austin
and Huber, 1993, Mol. Pharmacol. 43:380-387). Table 2 is an
illustrative list of pro-drug converting enzymes {Bagshawe,

_ 1995, Drug Dev. Res. 34:220-230). .

25 Prodrug converting enzymes have been expressed in
several bacteria. The Herpes simplex virus has been
expressed in E. coli (Garapin, 1980, Proc. Natl. Acad. Sci.
USA 78:815-819; Waldman et al., 1983, J. Bicl. Chem.
258:11571-11575). Similarly, Simula et al., 1993, Toxicology

30 82:3-20, expressed the prodrug converting enzyme cytochrome
p450 oxidoreductase in Salmonella typhimurium which confered
sensitivity to mitomycin.

35
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enhanced and sel ected for by using the nethods of the present 15 invention

described in Sections 6.1.1-6.1.4., infra. 6.1.1.

| SOLATI ON BY CYCLI NG THROUGH I N VI TRO TI SSUE CULTURE
One enbodi ment of the present invention is to 20 isolate the novel vectors
of the present invention by cycling a m croorgani smthrough a

pre-sel ected target cell, preferably a solid tunor cancer cell, with one
or nore cycles WQ#6M4p3Bection in in vitro tissue culture so PREPSHHARSO

cycl ed popul ati on and/or clonal isolates therefromdenonstrate 25
enhanced infectivity of the target tunor cell as conpared to t he
starting mcrobial popul ation-and enhanced sel ectivity as conpared to

t he non-cancerous counterpart celT. The mat.I entalls selecting a
parasite or pathaogen_and adding the _ nicr ' i i '

cul ture system of AEFRENENTNTIVE PRO-DRYBCONVERTING ENZPMESOR UBE N YEETORO
use as a target fggaapyor exanple, if one desires to target nel anona
tumors, the tar§et—ee ray—pe—hE—htman—retanore—cett-s Af-t-er—tmretriva

the tundr cells arkhzyimer oor gani sns Pregduger whi ch al Refesengeough tinme for
the m croorganismgo. attach 35 apd/ or_ infect {he tunor . the tu cell
culture is wash %bﬁﬂ%p@f’?ﬁeeaabug?'glp'co?c' %ﬂﬁqﬁhi chggﬂ}ﬁv‘éﬁ Flga?‘d 188e;

antibiotic agent effective against the specific m crooraaﬁ?%%e ,,'1990
- 27 - used. The ant ahiiigs ustgast kil | s DaviegietaRpngesi sns
t hat have not attached to and infected the tunor cell. If esired,
the infected t&for cell cul ture nayPhRN9 mystadeq Springer et al.
Beta-glucuronidase p-hydroxyaniline mustard- Roffer et al., 1991
glucuronide
epirubicin-glucuronide Halsma et al., 1992
Mitaku et al., 1994
15
Penicillin-V-amidase adriamycin-N : Kerr et al., 1990
phenoxyaceryl
Penicillin-G-amidase N-(4'-hydroxyphenyi Bignami et al., 1992
acetyl)-palytoxin
doxorubicin
20 melphalan Vrudhuta et al., 1993
B-lactamase nitrogen mustard- Alexander et al., 1991

cephalosporin
B-phenylenediamine

25 vinblastine derivative-

cephalosporin
cephalosporin mustard Mevyer et al., 1993
Svensson et al, 1993
B-glucosidase cyanophenylimethyl-f-D- Rowlandson-Busza et al.,
30 gluco-pyranosiduronic 1991
acid
Nitroreductase 5-ladaridin-1-yl-)2, 4- Knox et al., 1988;
dinitrobenzamide Somani and Wilman,
1994
Carboxypeptidase A methotrexate-alanine Haenseler et al., 1992
35

Bagshawe et al., 1988, Br. J. Cancer 58:700-703.

- 34 -

-



further in mediumcontaining antibiotic for varying tinmes, 5 depending on

the type of popul ation of m croorganisns to be | sol ated. For exanpl e,
for longer incubation tinmes, the m croor gani sm popul ati on isol ated has
enhanced survi val and/or proliferative abilities inside the tunmor cells
as conpared to the starting popul ation of m croorgani sns. 10
Additionally, the isol ated popul ations can be cultured to I sol ate single
col ony cl ones u¥OP§48B&ndard t echni ques. The i nFEYRH1GHM nal
cells are collected and |ysed, thus freeing the internalized

M croorgani sis. Sriager et aii, dP8QIY Mol Thema A3:EA2A8he i sol ated, for exanple, by
15 centrifugati qglav{eggpgx 1g%,§ Oi{nn40£@o[‘§t(§§;)ﬁl %nfb(éhﬁﬁPSpend' ng in fresh
en

nmedi um The isolated mcr used for
addi tignal cycl e%“"ﬂﬂ“'l*’hf'eétg?ﬁrﬁ P‘PYP '%ﬂﬁ’é] P?‘S’ES’I' @P?té’ﬁ in antigery-difpctedhenzyme geor gﬂfieﬁ

tunor cell. The 94} rogram p dy
appropriate grg W & W;@}T 8’?°aqf"aéA leFFé/g" W@@zﬂgﬁgﬁ‘g% WI){’E tBj ect ed
to addi,tional Haiswiacay tal. 0P 92(al.| Gascer Gnmur®l fremrinahiar. 34:3431348t y. The i sol at ed
m crobial popul a{deph ¢ {@ 1g§§cq&ge,g$hgwagg §92662-3d8sl sol ate and col | ect

singl e col ony clones. e I sol ated m croorganl snms may al so undergo known
in vitro techni d"l%’“ac%a%‘@@{%r%h&a'ﬂqﬁé?? 47&P48i ve infective and sel ective

abldl ities as t ma@@mlpaf?q 1004, Avp. Oidol. (t (BNW%) Wa@fth st ral n which did not
undergo in vitrq,sele r exa in conpari sons one
may test the leq% WéF ‘Lﬂggt:??'{?ﬁ" T'"\"H‘émher 9@88%3@ mi croor gani sm as
conpared to the Biwamdettqrpé%z:ﬁamr Besi B 528%878#. desi gned to quantitate the

nunmber of m cr@ggmtgnﬁgyglg:mgaagﬁ\enatstsag;,lgeﬁsto or invaded the target
tunor cell and/or their abilit uish between cancerous and

IS
non- cancer ous ceMp@ndgrgt aa‘dd???'Tr‘?“"ﬁé’r"ﬁr'rﬁ‘ttg?%szgsﬂfgﬁ as ni croor gani sm
popul ation denS|Mwerefeay bea3/ EanhcetlResn5B395818888.i n vitro assays whi ch assists

in determni ngﬁv&%sson Hle%?i @foc%a\feéh@nl 3glgﬁqg|i|t rati on of inoculum of the

cl one or | at’i on ‘has 'on the ability of the
- 28 - Rowtandson—Busza et al., 1991, Cytotoxicity following speclflc activation of amygladin.
In; Monocional Antibodies, Epenetos AA (ed), London: Chapman & Hall, pp. 179-183.

Knox et al., 1988, Biochem. Pharmacol. 41:4661-46€9.
Somani et al., 1994, Ann. Oncol. 5 (Supp! 5):73 (abstr).

20 Haenseler, E., Esswein, A., Vitols, K.S,, Montejano, V., Mueller et al., 1992,
Biochemistry 31:214-220.

However, pro-drug converting enzymes such as the TK
and CD enzymes, when synthesized in bacteria such as ’
25 Salmonella or Escherichia coli, are not normally secreted
from the bacteria. Accordingly, the expression construct is
designed such that the microorganism-produced gene products
are secreted by the microorganism. Thus, TK or CD are able
to generate phosphorylated acyclovir, ganciclovir, or 5-FU,
3¢ wWithin the target tumor cell cytoplasm and interstitial
spaceg of the target tumor. Secretion of TK and CD is
achieved by introducing into the expression construct a
. secretory signal sequence, for example, from the S-lactamase
- gene (Talmadge et al., 1980, Proc. Natl. Acad. Sci. USA
35 77:3369-3373).
4 Alternate signal sequences, in addition to 8-
lactamase, are also encompassed by the present invention.

- 35 -



m croorganisns to differentiate between the target tunor cells and their

non- cancer ous counterparts. For an illustrative exanpl e of
super-infective, tunor-specific vectors isolated by cycling through in
vitro 5 tissue culture, see Section 7, infra. 6.1.2.

| SOLATI ON BY CYCLI NG THROUGH I N VI VO SCLI D TUMORS

Anot her enbodi nent of the present invention is to 10 isolate Ptgﬂﬁs
vectors of the PY@B&4§38i nvention by cycling the m croorgani ﬂ‘%’&g
solid tunors in vivo. This procedure is performed using experinental
tunor nodel s in paBBBEFRd,S FouCBxafpld Orarexanpime tantavet sgyewmly mens for

limtation, Bl e@géwt{@n@gogﬁe na%g'\eg{ghcg\ﬁ gg{._ggggamédirgor sTha ng—'chG

m ce and HCT116 hdman col-on carC| ormi carci nomas in

nu/nu and ot her itiPlifRl EREFESAPEcBETTCES aA%IcN’ttle&ﬁ‘éPP s’f?’éaslh SGABPRTES of
tunmor tissue whi glnghéningiydirBpHoBiY Hreakhymbraie apaanitey datdiest nEhedse

used to I noc e nu/nu, scid,_or_other 0 T. e
tumors in m celg/\ﬁegﬁeﬁ%?/se S§F SR P mCPen&gl?rg?g%lgla%@grggbﬁ%%n“s&%g?ggﬁs%%as
in vivo targets faoe rémovesblagti on aftesfdie- proteisy 6PPFES ok t“l‘ﬁ’ﬁ?ira’é%em fic

vectors in a Si Mph@ka FROVIRY aRd eukaf\ydﬂﬂdﬂ tefigialc @libfal Ayqianves grew ng

in mce or used i iV, 1as a
target 25 for th@lf“ég?’étaf%ngf h?ﬁp%?erf s?‘e |€}é£é;ﬁe(§8{a%%§mc n ?12 vectors
in vivo. signal Grrauenigest ahercapakdst abl i%?éd%nﬁhés rrﬁ?s"&tlﬁﬁ} for
exanpl e, i nOCLﬂoﬁltéeQueR&eé:amp%ceekiﬁ Sulr @Uppebarisdy edbodiméritgnspleageat i on

of a tunmor mass, the _sele dmcro ani 0 h

mouse. After a prES Bgfgﬁ"rﬁ%}? n?e C’P:or'{latggng&%ﬁ ﬂﬁﬁh%%gf jfésg%ehng\s}\h ch
t he mi croorgani srehe sberesss GBEI stanal seampnee ¢ hé‘h@nﬁﬂ%ﬁh/%%@c%% % he
t unor cells, u%qlrrgg@dfgae eggg@ngl €t YahkeetidDrenzmel sRich s gleedeted and

horogeni zed. An % %uot tgat\iqe perlpfggrg a'mrg nEQ ke W'lernal media.

15 Further, some bacterial proteins utilize a
different secretion signal which is located at the C-
terminus. The enteroinvasive E. coli hemolysin A (hlyA) is
the best studied member of this group. It has been shown
that the secretion signal ig present in the last 60 amino

20 acids of that protein and that transfer of this domain to
other proteins can result in their direct secretion into the
media when the accesgory proteins from the hemolyein operon
(hylC, A, B, & D) are present (Su et al., 1922, Microbial
Pathogen. 13:465-476). An illustrative list of secreted

25 proteins reviewed by Pugsley is presented in Table 3,
(Pugsley A. P., 1988, Protein secretion across the outer
membrane of gram-negative bacteria. In: Protein Transfer and
Organelle Biogenesis, R.C. Dand and P. W. Robbins {eds),
Academic Press, Inc., Harcourt Brace Jovanovich, Publishers,

30 San Diego, pp 607-652).

as
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35 mi croorgani smgrow h nedi um and i ncubated at the proper growt h
conditions for 1-2 popul ation doublings to insure the recovery of viable
m croorgani sms for successive inocul ations

- 29 - into tunor bearing mce. Further, if the isolated
popul ati on is to undergo successive inoculations in tunmor bearing mce,
upon each successive inocul ation, the nunber of m cr oor g ns, 1Ln the

i nocul ate and tYRO4PHB of infection may 5 be reduced to |nEF@§§@“ it
stringency of selection for tumor- specific isolates. Additionally, the
| sol at ed popul ati ons can be cul tured tﬂ&gcg at e 5| ngl e coI ony cl ones

usi ng st anda:

alsoininvitro aSSHﬂGES(DFEIBEeRHTIﬁIN SIGNALS EDRtRRmCIGN\GERTHNG ENIZ\EMES

sel ecti ve abi |i [LES _as CONpared 1o The "W [U Type—_parenr———Straim wich
did net undergo BioteiR vivo selEEeni®m procelcRﬁaEC‘“ in Transiected £. poff Rgf

illustrative axanpl e of suoer-l nf ective, andtypgafsigndlfic vect or N sol ated

o5 1 SRR Ty v i o St s

MEDI UM CONDI TI ONED BY THE TA Signal CELL

Anot her enbodi memsiHeadolydire pr egerdblii nvent i oreldased into myedivind® et ho®s f or

i sol ating super-infective and/or tunor 20 teerhinelsagnélf ic vectors by

chenot axi s so thﬁt the isolated, croorg lsms have |ncregsed C tactic

eqtjabile cel | YarPwR

ability towarids Eto % ?ﬁ ent ai |,$+ dsi ng
capi | lary tubes SHEEOHRL | 0agHENRi ¢ h e| t h “I"It SHoNteEINal nedid¥m or
medi um that has been conditioned by the tafiged "‘ pnmanly n
nplasm
Heat-stable various £. coli N-terminal signal peptide; 11, 28
enterotoxin | strains secreted into the media
15 Heat-iabile various £. coli N-terminal signal peptide 17
enterotoxin |l strains '
Pullulanase Kelbsiella Release into the medium; N- 3, 27,
pneumoniae terminal signal peptide 6
Serine protease S, marcencens Secreted into the medium; N- 31
20 terminal signal peptide
Pectate lyase Erwinia Mainly in the peripiasm 15, 86
chrysantherni
Pectate lyase E. carotovara Periplasm 18, 32
Protease E. Secreted into the medium 30, 1
25 chrysanthemi
Aerolysin Aeromonas Periplasm, N-terminal signal 13
hydrophila sequence (processed)
Phospholipase C Pseudomonas  not secreted by £. coli N- 4, 19,
aeruginosa terminal signal sequence 26
30 Exotoxin A P. aeruginosa not secreted by £. colj 10
Cholera toxin Vibrio cholerae Mainly periplasmic; 2 subunits 25, 20
Hemolysin V. cholerae Periplasm 21
. ~ DNase V. Cholerae Periplasm 22,8
35 Thermostable V. Periplasm N-terminal signal 24
M Hemolysin parahasmolytic peptide
us
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25 tunor cell as described by Adler (1973, J. Ceneral M cr obi ol ogy
74:77-91). Conditioned nediumis nmediumin whi ch the target cells have
been grown and subsequently has been filtered to renove the cells. One
end of the capillary is sealed in a flanme; the capillary is then quickly
passed 30 several tinmes through a flane and is i medi ately plunged open

end down into a beaker containing either the conditioned or contr ol

medi um As the Wa323% i es cool, the liquid is drawn up i rEGT§es6/10250

The | oaded capillary tubes are inserted open end down into a centrifuge

t ube cont ai ni ng ' ' -

m croorganism After a pre- - TABLE 3 - 30 -

determ ned perio f 1 atio rr] Q.. ich the m cr oopgani sm
chenotacts into t%%pég%lg%%)ary {}a%g’;fy{"%e 99!’:@'6. | ary tubes are re%nved
with forceps, the seal ed ends '3?@ aeopened and the opened capillaries are
transferred i r]_‘;tolgﬁ pestebse f ugeNissdrss cont aiSechRged ifito ithe medithh UM appéopri at e
for . the particular mcroorggsndithoeké 1S inportant that the upper tips
of the capillary tubes are covered with an appropriate . nediumfor the
particul ar type GPTHEYE §FBani BofEW Bssur e Periplaamnd subunieall ditiver ¢30f t he
ni croorgani sm from the capi| | aR&tUss/St ubes Alifaravpat Signpl Rapsiges on.  The
capillary tubes are centrifuged, for exanple, at 4000x g for 4 m nutes,

to force the ym cr gm’zga&LI?,mQ@bl,tFEﬂI%el\gigl%bing&t. shlBsGapl | lary tubes are

renoved, the {g croorgani smresuspen and an aliguot spread onto the
appropriate nedidim i Aridet std 18 BroeNali feaddSeiodsh £268-28850w f or
quantitation. 3. Chapon et al., 1985, J. Bacteriol. 164:639-645,

.4, Coleman et al., 1983, J. Bacteriol. 153:909-915.
5. Collmer et al., 1985, J. Bacteriol. 161:813-820.
6. d’Enfert et ai., 1987, EMBO J. 6:3531-3538.
13 7. DaRas et al., 1980, Nature 288:498501.
8. Focareta et al,, 1985, FEMS Mcrobiol. Lett. 29:161-1886.
9. Goabel! et al., 1984, Structure, function and regulation of the plast"nid-encoded

hemnolysin determinant of £. cok. In Plasmids in Bacteria, D. R. Hehnski, S. N.
Cohen, D. B. Cloewell, D. A. Jackson, and A. Hollaender (eds), pp. 791-805,
20 Plenum, New York.

10.  Gray et al., 1984, Proc. Natl. Acad. Sci. USA 81:2645-2649.
11.  Guzmin-Verduzco et al., 1983, J. Bacteriol. 154:146-151.
12.  Hirst et al., 1984, Proc. Natl. Acad. Sci. USA 81:7752-7756.
13. Howard et al., 1986, Mol. Gen, Genet. 204:289-295.
25 14. Jones et al., 1986, EMBO J. 5:2377-2383.
15. Keen et al., 1984, J. Bacteriol. 159:825-831.
16. Koomey et al., 1982, Proc, Natl. Acad. Sci. USA 79:7881-7885.
17.  Lee et al., 1983, Infect. Immun, 42:264-268.
18. Leiet al,, 1985, Gene 35:83-70,
30 19. Lory et al., 1983, Gene 22:95-101.
20. Mekalanos et al., 1983, Nature 306:551-557.
21. Mercuric et al., 1985, Mol. Gen. Genst. 200:472475.
22, Newland et al., 1985, Infect. Immun. 47:681-696.
23. Nicosia et al., 1986, Proc. Natl. Acad. Sci. USA 83:4631-4635.
35 2. Nishibuchi et al., 1986, J. Bacteriol. 162:558-664.
25. Pearson et al.,, 1982, Proc. Natl. Acad. Sci, USA 79:2976-2980.
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Significant increases in the nunber of m croorgani sns entering into the

capill ary tubes containing condi ti oned nedi um as conpared to controls

i ndicates a positive chenotactic response toward secreted products of

the 20 target cell found in the conditioned medium The popul ations

I solated by this in vitro techni que can undergo successive chenot axi s

assay isolation or be used to isolate single col ony clones. These cl ones

or popul ati ons WA¥HPE8 conpar ed to the "wild type" parent PSTPEMO2% ¢ heir

ability to 25 distinguish-between the target cancerous cell and the non-

cancer ous count &§-parfritchard|et gls, 1886 J. Bacterisl 16§7138%-28Bf ect i ve ability.

For an illustrapy.ve rayaemas POt 988! PRIbteintestbtidn\eRross theloutdl rremBRIAS bl dFariveCt Or S

i sol ated by in vitr GegtReBbdsras IntiPloteth Tréhster BRY OGBAdIle BIoBEHetis, I D@ AhdIP) See

Section 8, infra. W. Robbins (eds), Acdlethic®ress, Ind. JdrdSltErkdel oddddich RubliERers/ECT ORS

In any of the above-SieSingomds07e8g20ds for isolating super-infective,

tumor - speci fi 6 5.CT Gl 8D, rrbllNiat'dafl. SE7. JSAPP74PALA, M Cr 00T gani sm can
nmut

be suhjected first to, agenesi s before the m croorgani smis subjected
to any isol at #9n ciricsiatabt 122 drRiRtcCheme 287:5T He5TRlesent i nventi on.

- 31 - - 30. Wﬁj&érsﬁ%@ﬂ?‘uﬂpubbs_’h@ﬁ eegjuﬁ qaéceinwbgnﬁﬁueslsh)to tL eat(rjrgnt with
ni t rosoguani di ng, and, ul f.ravi o rra , t hat the ereditary
genetic nateri a?"i s r?B’a\d?FE?J"r@é%ﬁt F?ucéerﬂ‘uq%%g%'sg‘f'tered expr essi on of
genes, both quaB2.t atdinkedt pl..av885, Apl.doeireni Miztabiobl|4@;718+Y17he mi cr oor gani sm

O her types &0

In another embodiment of the present invention, the
desired genes expressed from the expression constructs are
under the specific regulatory control of certain types of
promoters. These promoters may be either constitutive, in

15 which the genes are continually expressed, inducible, in
which the genes are expressed only upén the presence of an
inducer molecule(s) or cell-type specific control, in which
the genes, including but not limited to suicide genes, are
expressed only in certain cell types. Further, expression of

20 foreign genes including prodrug converting enzymes frequently

alters the phenotype of the bacteria. Therefore, it would be
an advantage to drive the expression of a prodrug converting
enzyme under exogenous control. This would allow
exploitation of the bacterial phenotypes such as tumor

25 targeting and amplification, after which time it would be
beneficial to express the prodrug enzyme. Inducible
promoters drive gene expression under specific conditions.
Furthermore, exogenously inducible promoters respond to
specific stimuli including chemical signals which can be

30 artificially introduced. It would be an advantage to drive
the expression of a prodrug enzyme using an exogenously
introduced agent which is approved for use in humans. The
"SOS" response of bacteria (Friedberg et al., In: DNA Repair
and Mutagenesis, pp. 407-455, Am. Soc. Microbiol. Press, '

$ 35 1995) is a response inducible by numerous agents including

chemotherapeutic alkylating agents such as mitomycin {Oda et
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chem cal and hi gh-energy nutagenesis are well known in the art. For
exanpl e, al kyl ating agents such as di net hyl nitrosam ne or ethyl nethane
sul fonate, or intercal ating agents, such as ethidiumbromde. O her
approaches include 10 transposon mutagenesis to introduce genetic flocks or

f usi ons of genes with new pronoters. Any nutagen can be used in the
present invention to create nutant strains of m croorgani sns whi ch may
t hen undergo arWO86/4%2¥e sel ecti on nmet hods of the present FCH{HSAYI0B. 15
For an illustrative exanple of nutagenesis, see Section 7.1, infra.

6.2. GENETI C MARLPULATSON MOEavipn SRRgeERED VECTORS229; Nakamura et al.pCR
DELI VERY OF GENESsANDIGER (HNERBRODLEI 3380246 ; Shimda et al., 1Bidg, TARGET

SOLI D TUMOR CEL A 1 AS - _ . o A I VI, RULENCE
o2 1 CENET AR R AN EOR DRI Ak v 1s ShPEOVE £ Hae MRV N
AND/ OR GENE PRObumEgsTO Pigmoter elements which belongThapCHTiSS|gpRup include

After the sel ertun@id, PEQERSSAS olREFE | RAAABAUE éth A0, WRbEH, AtheORBALBS- @
super-infective - speci f

- LLunqr i c,vector, . _ope ca t | 1y .engi neer
such vectors so 1t7ﬁé?95 He&tr 8Y- {%J%eBéchﬁ'Wee ;}ngggfifg del’ eF@g‘Eto a
target site, pprapeenbincludessthe AMG ®fsohedsuldngenenand theffeddbivingi nt o
Ehe t unor celi iztvsahf:ﬁem?ae%e%g&ém aarseﬁm ﬁ{xciékﬂ:ifgé_%"oﬁpgirer&n ¥t @he aTc
unor - associ at e np es, and_ nmacr ges, .. ition ne cap .
genetical ly al tg(rcjoﬁﬁt’ ufgﬁlq ’yid(?gw??ﬁ“ hgé)e%e%i'cig%rl‘g@ﬁgg%‘V\ha'llvtb%farf%\??’alﬁaf%r al
ability to irfeassefubopoth dol expuassing Koredgnrgenssl angetn fe¢neatihgsgene

vectors are  geR@bbaal For YRGLBRCES N Lk idgWi AEr MATinBt ¥o@bndBt hods known in
35 the art, for exanple, ransfo&agéjon or electr%@ora%#on. In . a £
preferred embodi ment of tHk 9PFeSBRPITRAM: £8R PHATRIEt HPE SxPression o

- 32 - the gene is controlled by a bacterial promoter which is
activated in specific target cells. In a preferred mode of
15 this embodiment, the bacterial promoter is activated
primarily in specific target cells. In another embodiment,
for example, the expression of the gene is controlled by a
bacterial promoter which is activated only in specific tumor
cells. An illustrative example of an expression construct
20 which expresses a gene under the control of a promoter with
the necessary secretion signal sequence is diagrammed in
Figure 1.
In a preferred embodiment of the present invention,
the expression of the gene is under the control of a promoter
25 which is active only in the target cell. Microorganism
promoters that are specifically or preferentially active in a
target tumor cell are isolated by a number of different
methods. For example, one method is using IVET (in vivo
expression technology) promoter trap procedure for isolating
30 specifically induced genes. This procedure is carried out by
taking, for example, a random pool of Salmonella typhimurium
DNA insertions generated by Sau3A restriction enzyme and
cloning the fragments into the promoter trap vector pIVET
(Slauch et al., 1994, Methods Enzymol. 235:481-492; Mahan et
35 al., 1993, Science 259:6B6-688). The cloning site is at the
position of the promoter for the pura gene which is required
for the synthesis of cyclic AMP. This representative pool is
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are engineered to deliver suicide genes to the target tunor cells. These
sui ci de genes include pro-drug converting enzynes, such as Herpes sinpl ex
t hym di ne ki nase (TK) and bacterial cytosine deam nase (CD). TK
phosphoryl ates the 5 non-toxic substrates acyclovir and ganciclovir,
rendering themtoxic via their incorporation into genomc DNA CD
converts the non-toxic 5-fluorocytosine (5-FC) into 5- fl uor our aci

(5-FU), which i%OP¥442%8 i a its incorporation into RNA AddiGTUSPR410250
exanpl es of pro-drug converting enzynes 10 enconpassed by the.present

i nvention incl udeaagfecbed Badrdiro MMM bdoysilimir-dan s G act s upon
mtonycin C and, | in. (Mr 1994 J. . [

Ther apeut . 270:é£§§§%é§$5ﬁ“§§ent yg:Laxﬁﬁgdghac%d%v%?f%nl£2%¥§%%§hg?gx %ing
wi del y. 15 enpl oy&¢ FBACERROYUS REAcIEfer afReoPopala tdivan I chart@rda( Vil e

and Hart, 1993, GarethgRes. irftdg2866d 3Gt phashi®nia”d1¥eed o infé880an J.

e et gt Aol JASDE e Bt cod B o3l 20,
al ., 1993, Cancé&ftras24shouss dacherivs e WaPdated dirom the 108wr.) Oply| .
Chem 258: 11571-thbeéSbactdid @hateteddivedl 9981adMiil whdak | rarioad piSek. of
89:33-87 AUSH hausdNbUDRlbeq BRR ol 2o MR IBER or SERED I kund@D © 2 19
an illustrative Iist 0 pro-drug convertlné enzyies E agghame, 1995,
Drug Dev. Res. F£lig0ig3eppabim of survivingr-odmga@weﬂt FagFantrpddéngave
been eXp(r]I e_ssezlzzb iﬂhel itraﬁy@ffétimiberp@rA,Tlte;eHsaﬂm 1R BXed IDN2S phamobeen
B vy A1 sbEFOM ToplWieedf s ool dagohlunee U,
Simlarly, SinulT¥oetyres, of ggpmorgys cﬁﬂ%éﬁ@étg‘?:@iﬂ% aé?(‘ﬂ'l’ ddipe gugpaval
prodrug convert idf) babE§Ata GyitdAhr etRors ,P4Rb skt GbivddpBaseqiratsd.nonRe | a
typhinuriUHIMhi%Qm%Q@ESEf5£ pf%%@ﬁggiégéﬁﬁnhgsntgcggﬁgﬁgl the positive
15 expression of both genes, inside and outside of the tumor.
Whereas the regulated promoter is no longer active in cells
other than the target cell.
Another method for identifying promoters that are
active in tumors is to identify tumor-specifically induced
20 microbiological gene products using two dimensional gel
electrophoresis. For example, to determine which gene
products are specifically or preferentially expressed in
melanoma cells rather than macrophages, the method entails
three parallel infections which proceed in tandem: (1) 5 x 107
25 clonal microorganisms are allowed to infect 5 x 10° melanoma
cells, (2) 5 x 107 clonal microorganisms are allowed to infect
5 x 10° macrophages, and (3) 5 x 10’ clonal microorganisms are
maintained in growth phase in LB broth. After a 30 minute
infection the cells are washed with DMEM with 10 ug/ml
30 gentamicin (for melanoma cells), RPMI 1640 with 10 pg/ml
gentamicin (for macrophages) and LB without gentamicin (for
free microorganisme). After two hours the cells are .
- pretreated with 50 mg/ml cyclohexamide to inhibit host cell
protein synthesis for 15 minutes. The cells are then washed
35 and placed in labeling medium (minus methionine) containing
75 pCi/ml *S-methionine for 30 minutes, followed by 1 hour in
normzal medium. The cells are then harvested, denatured in ™
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TABLE 2 REPRESENTATI VE PRO- DRUG CONVERTI NG ENZYMES FOR USE | N VECTOR
THERAPY 5 Enzyne Pr o- drug Ref er ence
Car boxypepti dase & benzoic acid nustards Bashawe et al, 1988;
Springer et al., 1990 ani | i ne nustards

Davies et al., 1994 10 phenol nust ards

Springer et al.
et al., 1991

epi rubi ci n- gl ucurgni.dg, skl SR Shpalct Q2 1 £ (IEF)
Mtaku et al., 15‘918% Peni ci F£' %C edl%' 1soe ?u:ro ocusnl{?

al., 1990

WO 6/#8385_ gl ucur oni dase  p- hydr oxyani | i ne nmuSRCEAEHI6/HRI0f er

gl ucur oni de

| n=V-am _ dase Kerr

followed by sodium Ofﬁﬁyﬁﬁy}ge fy

N- (4' - hydr oxyphersilectBopharasist (BAGE) 18@P analysis by autoradiography. Gene

acetyl)-pal yt oxi
nmel phal an

%roducts SR?Cﬁgﬁﬁflly eﬁﬁreSng9§95Eﬁ%ﬁFﬂa fé}ls %B%Sar as

ni t rogen must aryProtein spoke, faam @+c%ﬂorga§99@ infected melanomas but not

10

15

20

25

30

35

from microorganism-infected macrophages or from free
microorganisms. The microorganismal genes that are
specifically expressed are cloned from a Agtll expression
library using antiserum prepared from proteins derived from
preparative IEF and SDS-PAGE gels. Subsequent cloning from a
cosmid library results in DNA fragments containing the
promoter elements for the tumor-specific expressed gene
product.

Yet another method for isoclating promoters which
are specifically or preferentially activated in the target
tumor cells is transposon mutagenesis} Transposon
mutagenesis results in a pool of random mutants which can be
tested for their ability to survive in epithelial cells but
not in target tumor cells. Mutants are first tested for
their continued ability to persist in epithelial cells.
Mutants no longer able to survive will be selected against.
Surviving mutants are picked at random and placed in a
numbered array using 96 well platés. The target tumor cells
are grown in 96 well plates and individually infected with a
microorganism at a microorganism to host ratioc of about 10:1
for 30 minutes, followed by washing and treatment with 10
pg/ml gentamicin. After 24 hours the plates are rinsed and
stained with 0.4% trypan blue to determine the ratio of
living cells(clear) to dead cells (blue) using a 96 well
plate reader. Microorganisms which are unable to survive
within the target tumor cell are recovered from the original
numbered plate. The genes are then cloned uéing the
transposon as a genetic marker to isolate the DNA containing
the tumor-specific expressed gene and its promoter.

The vectors which can express the various pro-drug
or "suicide genes" when given to the host should not confer
antibiotic resistance to the host and more importantly the
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cephal osporin [ err]-phenyl enedi am ne

vi nbl asti ne derivative- 25 cephal osporin

cephal osporin nustard Meyer et al., 1993

Svensson et al, 1993 [err]-glucosidase cyanophenyl net hyl -[err]-D-
Rowl andson-Busza et al., 30 gl uco- pyranosi duroni c
1991 acid Ni t ror educt ase

5- (adari di n- 1- )Y@ 944828. knox et al., 1988; PCTAUS96/10250

di ni trobenzam de Somani and W/ man,

1994 Car bOXEE@Eéfi’@%oﬁld ?@&M @@Eﬁsﬂ% '1% asm@n%ﬁbggtﬂ:s ast992
35 Bagshawe et al 19&5 J. Cancer 58:700-

- 34 - possible g, BEoRS Fihese1yeptors SRULA BRSmCaTTY637Y 681,

Davi es. et al ., _aggablmm m@sdekanée (MBupplss) : b= leanr pose a Ppobhgeriwet al .,
1994, -A novel bh%hﬁgQiﬁiﬁﬁuﬂhe”uﬁﬁfgéﬁloﬂ @@Et&9ﬂ¥$hkﬁgcﬁégte éogﬁegﬁggnce

d t hera Progranme o even mersmth rence.
A(rj\ljgnc,es e %ADE gb?ﬁ"r‘c"ﬁ |p5%sﬁ‘1’rﬁ\/bng€f"8ﬂ§’r' Afts 538 @ humkgFgefh; methods
Hammer-sni t h Hospnt whithishe Wwectdrs carabenatahlinlmaint8924d)witGanter | nmunol .
| munot her. 34: 34303¢8ng to RRtibEst & rdkist4ISL, gbgcgﬁﬂﬁ jg Eg%gguch

. r
122002 2085 T o e e EeshingeGamathy eoptated

vectors expressing pro-drug converting enzymes or other

16 "suicide genes" as described by Donnenberg, 1991, Am. Soc.
Microbiol., Annual Meeting, Abstract B-111, p.4; Donnenberg
and Kaper, 1991, Infect. Immun. 59:4310-4317; and Ried and
Collmer, 1987, Gene 57:239-246. Another method is the
construction of stable episomal plasmids encoding "suicide

15 genes" or pro-drug converting enzymes using a balanced lethal
system. Such balanced lethal systems are defined by the fact
that the vector encodes for a function that compensates for a
deficiency in the bacteria, such that the presence of the
vector is essential for the survival of the bacteria. Such a

20 system is described by Galan et al., 1990, Gene 94:29-35.
This system has the advantage over chromosomal integration in
that the plasmids are multicopy and, therefore, achieve
higher expression levels.

25 6€.2.2. GENETIC MANIPULATION FOR ATTENUATION OF
VIRULENCE

Many of the microorganisms encompassed by the

present invention are causative agents of diseases in humans
and animals. For example, sepsis from gram negative bacteria
30 is a serious problem because of the high mortality rate

associated with the onset of septic shock (R.C. Bone, 1983,
Clinical Microbiol. Revs. 6:57-68). Therefore, to allow the

. safe use of these vectors in both diagnostics and treatment

of humans and animals, the microorganism vectors are

a5 attenuated in their virulence for causing disease. 1In the

. present invention, attenuation, in addition to its
traditional definition in which a microorganism or wvector is
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10 Kerr et al., 1990, Cancer |Imunol. |nmunother. 31:202-206 Bi gnam et

al ., 1992, Cancer Res. 52:5759-5764. Vrudhul a et al., 1993, J. Meud.
Chem 38:919-923. Al exander et at., 1991, Tetrahedron Lett.

32: 3296- 3272. Meyer et al., 1993, Cancer Res. 53:3956-3963. 15 Svensson
et al., 1992, Bioconj. Chem 3:176-181. Rowl andson- Busza et al., 1991,
Cytotoxicity follow ng specific activation of anygl adin. I n: Monocl onal
Ant i bodi es, Eperf¥@8&40838 (ed), London: Chapnman & Hall, pp. 17FCT#S9610250Kn0x
et al., 1988 Bi ochem Pharnacol. 41:4861-4669. Sonani et al. , 1994,

Ann. Oncol . 5 (SyBRL£9d4 5> EhBE! Ehe r@ﬂ:x’b‘%%ﬁﬁiﬁﬁ :ozEvecE§§V\§é Medd . \2f0t0| S,
Eb\/s\é{/e?/bn:)?{)ag(r)uaaggﬂ%%?’[c: ﬁé%ﬁ?@ﬁ%@%%& 1351111%30 %”Lﬁ %%%ﬁs vihen
synt hesi zed i n badteedrganicin ay 26ciSat renshht a)rldi@c:hemehl@ﬁ ddiait, derEverbt
normal |y secret e%lcroéfégﬂltsﬂeo?aGEEEéla cafiCar simidi%t B8 %par %Ilgat and

construct is signed such that the mcroorganl sm produced ne products
are secreted by tslrréf&% §V§a APERAT AR TePRIb? aD iy Bnﬁb#‘% a "’t%ﬁ’l@-’éﬁé?%tae
phosphoryl at ed amy.ghemt:,tegamil theparengmlSmidtodd@anibini or tveticar.geThe umor

T and OO 15 S SV by A T a e Btk AT RAE b e e
secretory signal e%%&ﬁ’éﬁc%‘ f6r a@S’%’aﬁ‘Fp? tF‘PBn?% h'g“e[ é’%F]:QFaE‘? difs@atiegkne

(Tal madge et al. ,Sui:h8@;té?nm¢edl\kaitrod§rmhlsﬁmareUSﬁoaﬁtéa BIGED-MRmBE)y of
Alternate signgl 3eAHERGRS: SUcROFLIASEE Ac108E Use of LACIABSL-RREi Al WP

enconpassed by the gresent i,nventi on,
- 35 - strains of microorganisms, mutagenesis of the microorganisms,

selection for tumor-specific, super-infective microorganism
mutants in culture or in tumor-bearing animals, selection for
microorganism mutants that lack virulence factors necessary

15 for survival in normal cells, including macrophages and
neutrophils, and construction of new strains of
microorganisms with altered cell wall lipopolysaccharides.
For example, in Section 6.1 et seq. where methods are
described for the isolation of super-infective, tumor-

20 specific vectors, these same methods are also methods for
isolating attenuated vectors; super-infective, tumor cell-
specific vectors are by definition attenuated. As the
vectors are highly specific and super-infective, the
difference between the number of infecting bacteria found at

25 the target tumor cell as compared to the non-cancerous
counterparts becomes larger and larger as the dilution of the
microorganism culture is increased such that lower titers of
microorganism vectors can be used with positive results.

Further, the microorganisms can be attenuated by

30 the deletion or disruption of DNA sequences which encode for
virulence factors which insure survival of the microorganisms
in the host cell, especially macrophages and neutrophils, by,
for example, homologous recombination techniques and chemical
or transposon mutagenesis. For example, a number of these

35 virulence factors have been identified in Salmonella. Many,
but not all, of these studied virulence factors are
associated with survival in macrophages such that these
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Bacteria, for exanple, are known to have several neans for secretion into
the periplasmand the outside nedia. The npst typi cal secretion sequences
are N-term nal signal sequences cont ai ni ng hydr ophobi ¢ transmenbrane
spanni ng domai ns. These 5 sequences serve to guide the protein through the
menbr ane and are renoved as- or after the protein crosses the nenbrane.
Prokaryotic and eukaryotic N-term nal signal sequences are simlar and it
has been shown W@ 3¥40 karyotic N-term nal si gnal sequenceé’cyf’%“’d%?ﬁ'hbl e of
functioning as secretion 10 sequences in bacteria. In a preferred
enbodi nent, t he fgehers arenspéchficaiderxpresdest mithint vacaphageni did Itonase)
is used as t RRregs| BorOlexbhBl &) HRlaiSaMENGE. ofhhe SidkiltcSea@eE 1S a
wel | studied exangle of ;a Qgctgilal enzyme {hlch |slsecreted. both into
the peripl asm an@=ChEt: RS e SEEF nEFSRRNTCE: 4% example, PaGnapIpocKiggds.
bact eri al proteifiieldsieti Ad .a 1986 fBumcgnNatkecAew@idonSei griZ8a \BRi:6h89s5193cat ed
taL tBe tC t d_tﬁrmfzbmﬁts;; i@%rfﬁi@ﬁ@&fﬁ&%V$iEt d—?‘.ﬁ'sﬂal%fg@h/@ﬁrtﬁ%@?é%/ﬁ) i's

e best studie er .q I, roup. as_.been shown ., a e
secr eti on signa&ag§°ﬁ?é§€ﬁ?“iﬁ§ték}4€%9:hgog%Wﬁ%ﬂ?°§5 REFYLHBRYERE: protein
and t hat transf drecbhiques cdoghenical or ¢rhrspgacm eunggergsisosaksult drheir
di rect secretionpticBhRatdie sa1mdBdl 83 When the accessory proteins fromthe
henol ysi n operon (hylC, A B, & D) are present (Su et al., 1992,

M cr obi al Pat hogen. 13:465-476). An illustrative list of secreted 25
proteins revitiwed by Pugsley is presented in Table 3, (Pugsley A P.
1988, Protein secretion across the outer menbr ane of gram negative
bacteria. In: Protein Transfer and Organel | e Bi ogenesis, R C. Dand and
P. W Robbins (eds), Academ c Press, Inc., Harcourt Brace Jovanovich,
Publ i shers, 30 San Di ego, pp 607-652). 35

15

20

25

30

35
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- 36 - TABLE 3

SOURCES OF SECRETI ON SI GNALS FOR PRO- CONVERTI NG ENZYMES Protein

Organi sm Location in Transfected E. coli Ref. 5

and type of signal No. Chiti nase - Serratia

rel eased into nmedi um N 14 mar cescens term naI
si gnal a- Henol ysin E. coli rel eased into nedi um C-

terninal si gnal WP§/4§388t | abil e various E. coli Simlar (tvrc')uﬁ?ﬁqu%"ra
toxin 2 12, 7, enterotoxin | strains subunits (A&B);

N-t er m nal 29 signal in both;
primarily in ' pertprasm Feat-stant e
various E. coli _Ntermnal signal pepti deT,‘L\BLf14I 28 enterotoxin |
strains secreted into the nedia 15 Heat -1 abil e various E. coli

N-term nal si gna Vl Ecm% ﬁ% S%L%/UELLA Pul | ul anase
Kel bsiel |l a ERIA
pneunoni ae ?er 6 Serine protease S.

marcencens Secreted into 'rhe ITPdl oy N 31 20
termnal signal Rﬁﬁllér% Factorm&iCILa¥ esdééﬁﬁze&refsrw' nia RefereBeNly in the

peri plasm hrysant hem Pectate | yase
E. carotovara Per i ppelgrﬁome or Stimulated R983)01'!5918 32 Pr ot ease E.
Secret ed |ntoth 30, 1 25 el
Aerolysin 2@%@‘8% Periplasm N-term nal épﬁ%%@?éﬂ&%?)&‘al.,
hydr ophi | a sequence (processed) Phosphol i pase seudononas not
secreted by E. cd@‘addnosind mdrfdphosphate Biochenko and Levashev,
1987
Cytolysin Libbey et al., 1994
15 Defensin resistance loci Fields et al., 1989
DNAK - Buchmeier and Hefferon,
1990
Fimbriae Ernst et al., 1990
GroEL Buchmeier and Hefferon,
20 1990
Induced Macropinocytosis Alpuche Aranda, et ai.,
1994

Ginocchio et al., 1992
Jones et al., 1993

Inv loci Betts and Finlay, 1992
25 Galon and Curtis Iil
Ginocchio et al., 1992
Lipoprotein Stone et al., 19982
LPS QGianeiella et al., 1973
Stone et al., 1982
30 | ysosomal fusion inhibition Ishibashi et al., 1992
Macropage survival loci Fields et al., 1989
Oxidative stress (Sox; in £. coli) Nunoshiba et al., 1993
PhoP and PhoQ Behlau and Miller, 1993

Groisman et al., 1993

35 Miller et al., 1989
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aer ugi nosa term nal signal sequence 26 30 Exotoxin A P.

aer ugi nosa not secreted by E. coli 10 Chol era toxin Vibrio
chol erae Mainly periplasmc; 2 subunits 25, 20 Henol ysin V.
chol er ae Peri pl asm 21 DNase V.
Chol er ae Peri pl asm 22, 8 35 Thernostable V.
Peri plasm N-terpginal _signal 24 Henol ysin par ah | C
bopt | de Wo'S50234 Us FeRissbddiso .,
TABLE 3 | gA prot ease Haenol philis Peri pl asm
2 Iniluenzae b %A pJ" ot ease . Nsseri a
Secreted into the noedi um : 16 TABLE gonorrhoeae
Pertussis Loxin pnofiRiidisdl dees (pag: ! bBLBEAY S subumusﬁ.rélahdmst.ﬁharmw
pertussis ggrmnal™ signal™ peptid 1. %arras et al.
1986, -FEMS M crobi ol . Lett. 34:343-348. 10 2. Bri le-férffe%n I
Proc. Natl. Ac@d. Sci. USA 80:2681-2685. 3. foy &t aF19921 5 J.
Bact eri ol . 164: 639- 645. 4. Col eman et al ., 19 et et %écl
153: 969- 915. 5. Col I mer et al., 1985, J. Bact er}g'_l kine% 920
6. d Enfert et al., 1987, EMBO J. 6:3531-3538. 15 1991
Stone et al., 1992
PhoP and PhoQ regulated genes (prg) Miller et al., 1989
10 Behlau and Miller, 1993;
1994
Porins Tufano et al., 1988
Serum resistance peptide Hackett et al., 1987
Virulence factors Abshir and Neidhardt,
15 1993
' Loos and Wassenaar,
1994

Mahan et al., 1995
Sansonetti, 1982

Virulence plasmid Gulig and Curtiss, 1987
20 Rhen et al., 1993
Riikonen et al., 1992
spvB {virulence plasmid) Fierer et al., 1993
traT (virulence plasmid) Rhen and Sukupolvi, 1988
ty2 Eisinghorst et al., 1989
25

Abshiro et al., 1993, J. Bacteriol. 175:3734-3743
Alpuche-Aranda et al., 1992, Proc. Natl. Acad. Sci. USA 89:10079-83
Alpuche-Aranda et al., 1994, J. Exp. Med. 179:601-8088
30 Baumler et al,, 1984, Infect. Immun. 62:1623-1630
Behlau et al., 1993, J. Bacteriol. 175:4475-4484
Belden et al., 1994, infect. Immun. 62:6085-5101
Betts et al., 1992, Can. J. Microbiol. 38;852-7
35 Boichenko et al., 1987, Bull, Eksp. Biol. Med. 103:190-2

Boichenko et al., 1988, 2h. Mikrobiol. Epidemiol. Immunobiol. 7:9-11
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7. DaRas et al., 1980, Nature 288:499501. 8. Focareta et al .,

1985, FEMS Mcrobiol. Lett. 29:161-166. 9. Coebel et al., 1984,
Structure, function and regul ation of the plasm d-encoded

henol ysin determnant of E. coli. In Plasmds in Bacteria, D. R Hehnskl,
S. N Cohen, D. B. Coewell, D. A Jackson, and A. Holl aender
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enbodi nent of the present invention, the desired genes expressed from

t he expression Po¥e#PR¥tts are under the specific regul at RGI/USHHIORY of
certain types of pronoters. These pronoters nay be either constitutive,
in 15 whi ch tRelackehels 1986 Natwre BA2BB4-§3&xpressed, inducible, in whi ch
the genes are expressed only-upon the presence of an I nducer nol ecul e(s)

2 Y )
or cell-type spdefkkipgn eangdiipes; 19910 J Berterel 1738623 enes, incl udi ng but not
limted to suicige gene r . expres only in certain cell types.
Furt her, expressﬂ’S?]gto%?" 389%?%1'6'5"’63% é’i?gél udi ng prodrug converting
enzymes frequestdy. o al.‘?%f%%ﬂ'&gﬁ Pgﬁg_cg:yﬁgzég “the bacteria. Therefore, it

woul d be an advant age rrve expressi on of a prodrug converting
enzynme: under exogeiHan st 993§§2|Micr-59.i@th‘é?.uis@zzﬁ'-iﬁw exploi tation of the
bacterial phenotypes such as tunor 25 targeting and anplification, after
which time it washsbnbsi, 199 aeefrrst] £2:2963-2¢pr ess t he prodrug enzyne.

| nduci bl e pronoters drive gene expression under specific conditions.

Furt her nore, exderctsl.y19920dd EHalterdol pt74rA98843952 espond t o specific stinuli
i ncl udi ng chet®cal signals which can be 30 artificially introduced. It

woul d be an advahfanget lo 1§88.Rar. J. Epigamielxdii E531%n of a prodrug enzyme using
an exogenously i ntroduced agent which is approved for use in hunans. The
"SOS" response of bacteria (Friedberg et al., In: DNA Repalr and

Mut agenesi s, pp. 407-455, Am Soc. Mcrobiol. Press, 35 1995) is a response
I nduci bl e by nunerous ageYets amuthedi mechod Ebenvhéataqeamittoml dfy Itk ng

agents such ag, MdARYERNVvELXLlis to modify substituents of the - 39 -

microorganism which are responsible for the toxicity of that

microorganism. For example, lipopolysaccharide (LPS) or
endotoxin is primarily responsible for the pathological
effects of bacterial sepsis. The component of LPS which
20 results in this response is lipid A (LA). Elimination or
mitigation of the toxic effects of LA results in an
attenuated bacteria since 1) the risk of septic shock in the
patient would be reduced and 2) higher levels of the
bacterial vector could be tolerated. Rhodobacter
25 (Rhodopseudomonas) sphaeroides and Rhodobacter capsulatus
each possess a monophosphoryl lipid A (MLA) which does not
elicit a septic shock response in experimental animals and,
further, is an endotoxin antagonist. Loppnow et al., 1990,
Infect. Immun. 58:3743-3750; Takayma et al., 1989, Infect.
30 Immun. 57:1336-1338.
Known similarities in lipid metabolism and genetic
organization of lipid metabolic genes between Rhodobacter
. sphaeroides and other gram negative bacteria and the ability
of Rhodobacter genes to complement E. coli mutations (Benning
35 and Somerville, 1992(A), J. Bacteriol. 174:6479-6487;
. 1992 (B), J. Bacteriol. 174:2352-2360; Carty et al., 1994,
FEMS Micrcbiol. Lett. 118(3):227-231) demonstrate that, for
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al ., 1985, Mutation Research 147:219-229; Nakanura et al., 1987,

Mut ati on Res. 192:239-246; Shinda et al., 1994, Car ci nogenesi s

15: 2523-2529) which is approved for use in humans. Pronoter el enents

whi ch belong to this group include 5 unuC, sul A and ot hers (Shinagawa et
al ., 1983, Cene 23:167- 174; Schnarr et al., 1991, Biochenm e
73:423-431). The_sul A pronDter I ncl udes the ATG of the sul A gene and the
fol | owi ng 27 WO des as wel | as 70 nucl eotides upst r ediATESYIRBOATG
(Col e, 1983, Mdl. Gen. Cenet. 189:400-404). Therefore, it is 10 useful both
i n expressing foeXagnlgendizlmedel ha ;rrehtothgr geanteriaf oghdos demetdeglinces

| acking init } ati R1cePE@" produce ML, th'eQle‘gréﬂ[@?:‘iﬁbn?E‘E pétgérntg.éﬁn@% e, the
expression o gene is.con acter r onot er

activated in speé‘PBPS %rsgeé’ttlsefsf’g& %Fg?’é'?erde& é’g%‘Ft £f ttll?iespresent
enbodi nent, the Bawesticn J{srarrsaémomslla:wppatnﬂ:kam phateexpressessMBRI f i C
target cells. I aRAbRonABAILAE S0 exbBEallfRIP X! Hiadk RARSTHR fgi dghe
gene is controll % acterial profioter which 1's activate

speci fic tunor a EBPPE-SDRFIEAPURFPURYSFe exanpl e of an expression construct
20 whi ch expresses a gene asndar il bhestomttivel exdmpf epr ehot génavadttion of hera
necessary secret o m%%fl‘?ﬁgﬁ%ﬁfalé’ﬁl W.@éﬁ%e‘lﬂa t{E AL entall%

In a preferred enbo resent, 1 nvent e expression

the gene i s undeFCPRETEIHAGR B‘FAaﬂ%ﬂﬁpéF‘rQScWéﬁd Qf ot iKFe EZREYEREF t he
target cell. MoctfeomgRhvdabactepr spitdercsdelsavhiote ispgenéravdd WnoONgtll or
preferentially aghtys pibshids Lﬁgg@}aﬁéf%E §elde e !cé@]llat f@ésaw pugper of

di fferent exa one od 'S, usin I'n vivo
expr essi on t echnBP-'BéWe pHSnBTer P‘P‘F’a’-’p‘”iﬁlé(céﬁﬁ?"etqdoﬁc’yl !5‘6?-%@ iy aggibody

speci fical |l y i ndscedegime sethbdslgnoaeddeeess M, r sadhoag Enrsa.t akhng, for
exanpl e, a randoghgefl, Qafxaﬁﬁha‘)aﬁé 'qaente\f@?legué' 1d%£%‘1§frct&nﬁ%ege§€%t ed

by Sau3A restric |on enzyme and oni ng_the tragnents e pronoter
trap vector pRvEFB {USI thagnet s of rom RigAObREt SN FOIRRFGAEES B pSuperdeD:

Mahan et which is then transfected into Salmonella typhimurium.

Clones which produce MLA are positively selected by using an
antibody screening methodology to detect MLA, such as ELISA.
Yet another example for altering the LPS of

20 Salmonella involves the introduction of mutations in the LPS
biosynthetic pathway. Several enzymatic steps in LPS
biosynthesis and the genetic loci controlling them in both
E.coli and Salmonella typhimurium have been identified
(Raetz, 1993, J. Bacteriol. 175:5745-5753 and references

25 therein). Several mutant strains of Salmonella typhimurium
and E. coli have been isolated with genetic and enzymatic
lesions in the LPS pathway. One such mutant, fird is a
mutation within the gene that encodes the enzyme UDP-3-0(R-30
hydroxymyristoyl) -glycocyamine N-acyltransferase, that

30 regulates the third step in endotoxin biosynthesis (Kelley et
al., 1993, J. Biol. Chem. 268:19866-19874). Salmonella
typhimurium and E.coli strains bearing this type of mutation
produce a lipid A that differs from wild type lipid A in that
it contains a seventh fatty acid, a hexadecanoic acid (Roy

35 and Coleman, 1994, J. Bacteriol. 176:1639-1646). Roy and
Coleman demonstrated that in addition to blocking the third
step in endotoxin biosynthesis, the firA  mutation also
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35 al., 1993, Science 259:686-688). The cloning site is at the position
of the pronoter for the purA gene which is required for the synthesis of
cyclic AMP. This representative pool is -
40 - transfected back into Sal nonella typhimurium and an

i ntegration event is induced which results in replacenent of t he
endogenous pur A gene. The popul ati on of bacteria carrying an integrated

| VET plasmid i sWR%4%A% to infect an 5 animal bearing a sof¢TUSPEHBF of
the cell type of choice and after 24 hours bacteria are isolated fromthe
tunor. Only thisedaaeteenayridtdic secevited of phipsdi Al avhessrasandan pi ece of
Sau3A restricte S - & JAh O r.aM-tQj. ; .cells is capable
of surviving. Iﬁra |at%i%tgnt$((§) %B%Pr gF%?no 1]6%tlﬁehi1§%1$n cr%ﬁ?ftg)h of purA, the
Sau3A yestricted DNA pronBRe? the SEERiR s bHesn: AkCeYFtedsPH A athéhe

[ err]--gal act osi destthogisnznown iwaheypaes, ofheprsaabl kitsy arfe theohet ethateidch
all ow the survgv C | Lthin t r canshinbURLV,

regul at ed. Theg ﬂ%ngr?ﬁ%t gfgl %@dﬁ‘?gﬁ%tgﬁ%oﬁnﬁgg to clgtr?t ?glﬁ?‘ﬂeqcégggﬁ F\ee
15 expr essi on of2 Hine yreient pieaetypd Hridgdeher cose; ghotreatmgnér @dsat he
regul at ed pronotmatientno sotlyestabilive ¢an t@l bbtaimédierfoirharambiee,t aget
cell. e t.had t | (AN S Is

active in tunors ]iﬁ%‘é{agk?d%%%?f%%t H%g{ﬁlés%g% e%%a??y&{l%ggg E%hééle%l%n oF

ni crobi ol ogi cal YHF PPBALEYLHITNFut Aot hsnoRs EBR aFhxpaesonal| MglofREPES s.
For exanpl e, 10 tdedircrepiseatddazllygerethat prizduetschde gmeci L& catdblyor

preferentially %%ﬁé i tiﬂél OB £:81 I%h aLL, t han macr ophages, the
nmet hod entails t eggga?%ﬁ el i %?gct I oNns %C% ?ﬁeo'ceed in tandem (1) 5
x 10[err] Another method of insuring the attenuated phenotype

is to engineer the bacteria such that it is attenuated in
more than one manner, e.g., a mutation in the pathway for

15 lipid A production, such as the firA  wmutation (Hirvas et al.,
1991, EMBO J. 10:1017-1023) and one or more mutations to
auxotrophy for one or more nutrients or metabolites, such as
uracil biosynthesis, purine biosynthesis, and arginine
biosynthesis as described by Bochner, 1980, J. Bacteriol.

20 143:926-933. In a more prefered embodiment of the invention,
the bacterial vector which selectively targets tumors and
expresses a pro-drug converting enzyme is guxotrophic for
uracil, aromatic amino acids, isoleucine and valine and
synthesizes an altered lipid A,

25

6.3. IN VITRO CANCER DIAGNOSTICS AND IN VIVO
TREATMENT OF SOLID TUMORS USING ISOLATED

VECTORS AND OTHER VECTORS

6.3.1. IN VITRQ DIAGNOSTICS

30 An embodiment of the present invention is to
provide methods for use of the vectors of the present
invention in in vitro diagnostic assays and diagnostic kits
for the detection of solid tumor cancers, including but not
limited to melanoma. Also, the kits may comprise tumor-

’ 35 specific non-attenuated vectors. The in vitro diagnostic

assays and kits are based on the enhanced specificity towards
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25 cl onal

cells,

10[ err]
mai ntained in growth phase in LB broth. After a 30 mnute

m croorgani sns are allowed to infect 5 x 10[err] nel anonma
(2) 5 x 10[err] clonal mcroorganisns are allowed to infect 5 x
macr ophages, and (3) 5 x 10[err] clonal m croorgani sns are
infection the

cells are washed with DVEMwith 10 [err]g/m 30 gentam cin (for mel anona

cells),

are

synthesis for

RPM 1640 with 10 [err]g/m gentam cin (for macrophages) and LB
wi t hout gentamni WOP64928%  free microorgani sns). After two ho B8 | s
pretreated with 50 ng/ M cycl ohexam de to inhibit host cell
15a mamgeegsus Thel L atdthear ehathdt swashedaBieramg pbattsrpart

'[ abei 'Sng {Tﬁdl um éémflmafsgewe@af ne)poeoascéfhﬂengana A8t [ssy RdaQ 691 limitation,
err - e i oni ne for mn OUI’ I um
The cells are t h2PYRE~VESt §8f1‘géiﬁ’§’f°ﬁr éﬂvﬁﬁ’pﬁﬁF 25% 4 batieB?! Mnd U]

- 41 -

biopsy deemibeéd emdaddgsstgdcoed suspeusioncbfosbrgis ng (| EF)

fol | oned by sogi é@l@deﬂhéﬁéﬁﬁt& Qﬁ@%uﬁ%rﬁé@%ﬁyhﬁ@ Qencﬂﬁlcancerous

el ectrophoresis (PAGE) and anal ysis aut or adi ogra rqduct s
specifically ex é%‘%’g‘@&?ﬁﬁ et a?%’r?&°&e¥?%l SFFe gl ‘érg‘g %ﬁ&%ﬁ%@pﬁ r 8m
m croorgani smi nﬁmxedpsehﬁnonmdmt ancodrdingf tonthe cpmegv&nunmntrnfo&nt ed
macr ophages or fromfree AftéQ-Cafqu g@gé@{@! Lheo §n@J£- dffees that
are speci fical | xpressed are cloned froma Eerr gt expr essi on

li brary using an??%‘"eﬁf&ﬁ\ BRERePRIrSEH PRif s 2gBee ViR F1HRF 1BV RGESS SPPve

| EF and SDS- PAGHD iygisd edSabi ks uesntcompanedi(td thie aon-camrsriotisl roumtrerpagsul t s
DNA f nts n t f cific
in ragme ofpr Og&Bi 8eil¥ is d@'i:@ﬁ?%;?é'd %kEHEg rﬁeélﬂ:l:ld &Rﬁwﬁ%@ TOlRE

expressed gene

promot ers whi ch 25t1ded dpetheiazh | yAohighex é‘l“é‘i'??Fany"%F(Fﬂr\?a?%‘éF’q n the

t ar get

15

20

25

30

35

ISO atlng

associated with the target cell as compared to the non-
cancerous counterpart or control cells indicates that the
target cell is cancerous, for example, about 5-10 times as
many vectors will infect a tumor cell compared to a non-
cancercug control cell. A non-cancerous counterpart or
control cell is the normal cell from which the tumor cell is
derived, for example, for melanoma cells the non-cancerous
counterpart or contreol cell is melanocyte cells, for colon
cancer the counterpart cell is colon epithelial cells. 1In
one embodiment the ratio is determined as the number of
vectors/target cell. In another embodiment, after infection,
the cells are fixed and treated with a stain or antibody
which recognizes DNA so that the vector DNA present in the
target cell cytoplasm is visualized. The presence of DNA in
the target cell cytoplasm indicates that the biopsied target
cells are cancerous. In one embodiment of the present
invention the diagnostic method comprises exposing a sample
of cells which are suspected of being cancer cells to a
tumor-specific vector or microorganism. The method also
comprises exposing a sample of non-cancerous counterpart
cells to the tumor-specific vector or microorganism as a
comparative control. After incubating for a time periecd in
which the microorganisms can attach to and/or infect cancer
cells, the infectivity of the microorganism or vector for the
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tunmor cells is transposon nutagenesis. Transposon mut agenesi s results in

a pool of random nutants which can be tested for their ability to
survive in epithelial cells but not in target tunor cells. Mitants are
first tested for 20 their continued ability to persist in epithelial cells.
Mitants no longer able to survive will be selected against. Sur vi vi ng
mut ants are p| cked at random and placed in a nunbered array using 96
wel | plates. Th&Q¥AHEI tunor cells are grown in 96 wel | BFHPEERY

i ndividual ly i nf ected with a 25 mcroorganismat a mcroorgani smto host
rati o of about 1@elis sufs@éceedna':ﬂmeasxg tehtoMRE Budvesdint-aadcéfaad ment

with 10 [err]g/){ﬂyc mc&1 rof‘f o Zé}ag urs, E éates are rinsed and

stained with 0.4 pnblue odeemneteraloo’f living
celIs(glear) to dead cel | $hebfiirgnastiisgkitaefivthe Boegantt dnventiéen
M croor gani sms Wabmpr iee annabEect Bres WhisuUME of aWchiibh- éﬁ@cﬁfabgeéctwmr cel |

are recover ed b RSO Balency WURSESE I SErof e AONERRE Sl IR

cl oned, using the ransposon as

cont ai i ng t héavmu%seew% @@&ﬁess&e geassornandfer medst aay 18!5
The vectors whi Cbupplh.@(lélieﬁsrtflﬁbze&fl QYSpRINEZEUGr gréWings YnChEBidRIESH

when given to t h?l&?f& n}%%gﬂhd e A g%ostlc E}(mtlsbicgltx' Eurt%se'rsggncﬁazé p the

host and nore inpo
bacteria shoul d ABfEF riﬂa§'e§éﬁ§\=¥ iand o§hes kih\roaRenenta jsirhags viglssi bl e.

Therefore, thagepuekdfing ebRpofletl a@dr tHe ke, whDEh AR WelleRhokRREE

markers. This cagth%esﬁergbigrQAéﬁ art. mai nt ai ni ng the expression vectors
in the bacteria 570f “sel’ective pressure. However, the are a
nunber of met hods In certain embodiments, the vectors useful for the

methods of diagnosis of the present invention can further
comprise tumor-specific, attenuated or non-attenuated

15 vectors. In other embodiments, the kits of the present
invention can comprise tumor-specific, attenuated or non-
attenuvated vectors.

For illustrative examples of in vitro diagnostics

of solid tumor cancers, including but not limited to

20 melanoma, see Sections 22, 25 and 26.

6.3.2. IN VI TREATMENT OF SOLID TUMORS
The vectors for use in in vivo cancer treatment are
a subset of the vectors of the present invention. The
25 vectors for in vivo treatment have been attenuated such that,
when administered to a host, the vector has been made less
toxic to the host and easier to eradicate from the host'’s
system. In a preferred embodiment, the vectors are super-
infective, attenuated and specific for a target tumor cell.
30 In a more preferred embodiment, the vectors are also
sensitive to a broad range of antibiotics.
In addition, the isolated vectors can encode
’ "suicide genes", such as pro-drug converting enzymes or other
genes, which are expressed and secreted by the vector in or
35 near the target tumor. The gene can be under the control of
either constitutive, inducible or cell-type specific
promoters. In a preferred embodiment, a suicide gene is
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i n which the vectors can be stably nmaintai ned without resorting to

anti biotic resistance. For exanple, one such method is the construction
of chronposomal |y integrated vect ors expressing pro-drug converting
enzynes or other 10 "suicide genes" as described by Donnenberg, 1991, Am
Soc. M crobiol., Annual Meeting, Abstract B-111, p.4; Donnenberg and

Kaper, 1991, Infect. Immun. 59:4310-4317; and R ed and Col | mer, 1987,
Gene 57: 239- 246. wﬂﬁﬁf‘ﬁ@r method is the construction of sta‘?ﬂT@séﬁW%%?nal

pl asm ds encodi ng "suicide 15 genes"” or pro-drug converting enzynmes using a
bal anced | et hal expsgsted arfSuckecbatedocedyt ehbal a syesttenrshas eimlefdegedhby t he

faCt L eninal the aiRebonafnordss targd bkl 0811 NAtnctaBpCISR g ehed

deficiency in the hact eré such that, the presence of 1_f'}lct or is
essential for th& GF\‘?FV e P EKBYBSRIN |°5‘ € GoRULFiss 9§R¢ &t i e u&8EPPbed
by Gal an et al., si%e0pfCelne to29- 35. This system has the advant age over

chronosormal | ”tsegr ation | nIn a %E‘é’fei’%% evg}ﬂén@r %g@“b&bE&P}’ a%?ﬂmstered

t herefore, achieve hi gher pressi on
GENETI € MANI PULATION Fd@%FrTEHBA?F@\F e HSV TK gene. Upon concuﬂrRBEENCE
Many of the m cr expgassson i ChSPEE Sehe anidhadmintesaeoni oF erdricdelarer

causat i ve agent s of «ks6ases (xd DUABISIovi 2] PRSI EPEA Y EHEC Sepsi S

from gram negative bact erma a serious pr cause e h|

nortality rate PeSIBLAERRE Whenmiferraasispy watsh ite Sreeky (Wr@eaﬁ&ﬁe
1993, Cini cd ndcdeobide .t RRphssphatds 68)rheTpho@1wrg;LatedagArmudllmmr saf e

use of these vechorsdl goPol il a0003i6s AudabisaldRAl ouffofumns and

animals, the m croorganl Smyvectors are 35 atten ul ence for
causi ng di sease. PEFiphasm of dbenPirHRRKAAGNGS™ Rt kR £8R, CYFPRIAE™ ABH t o
its traditionamhuddbubi bf athd hovbi €él b whedkobt ghitcrporat¥ecimio hdst cell

- 43 - DNA, thereby causing the death of the host cell.

1s Another embodiment of the present invention is to
provide methods of treatment of solid tumor cancers with
isolated attenuated vectors of the present invention. For
example, a patient is diagnosed with a solid tumor cancer by
any method known in the art, including the in vitro

20 diagnostic methods of the present invention. The vector used
in the treatment may already be isolated using the methods of
the present invention with target cell lines or using model
tumors in mice of the target tissue. In another embodiment,
the biopsied tumor cells are used in the selection assay for

25 isolating a vector which is super-infective and tumor-
specific for the tumor of the patient. In a preferred
embodiment the vector is genetically modified, for example,
to lack virulence factors, express a suicide gene or both as
described in Section 6.2.2. 1In addition, the isolaéed vector

30 is analyzed for sensitivity to antibiotics to insure the
eradication of the vector from the patient’s body after
successful treatment or if the patient experiences
complications due to the administration of the isolated
vector.

35 When administered to a patient, e.g., an animal for
veterinary use or to a human for c¢linical use, the vectors
can be used alone or may be combined with any physiological
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nodi fied so that the m croorgani smor vector is |ess pat hogenic, is

I ntended to include also the nodification of a m cr oor gani sm or vect or
so that a lower titer of that derived m croorgani smor vector can be
adm nistered to a patient and 5 still achieve conparable results as if one
had adm ni stered a hi gher titer of the parental m croorgani smor vector.
The end result is to reduce the risk of toxic shock or other side

ef fects due to WORFM23k ration of the vector to the patient. PCTUSHH}p250
attenuated microorganisns are isolated in a nunber of 10 techni ques. Such
met hods i ncl ude arswrietr esweh Fsowatexenmi tagueous snlugiipn. otormal GGRAGARI SPE,
mut agenefsi stpf tdtneH 9599i(9@y1%5§1ytacfeqit%uéo%éi%ehwprsz‘efﬁaq,, the
super-infective ncroor sm ants in.c ur.es0or in r-

ani mal,s, sel ect i G¥¥%r w&?ﬂ#ﬁr Gr ggﬂ'f‘s?ﬁ% én?% ]t}ﬁ;at ?aécku’#ggl g%%@é#aﬁyors
necessary 15 foralsmtvilvad Ix10Adkgal cells, includi ng macrophages and

neutrophils, afd construciidReRtkoP8VoEit P¥eBént intlett9OHhJedH L& W th
altered cell wall_l, poegllré/% cchari

des. or exanple...l.n Sectigon.6.1 e
seq. where met hGfimipig cA BBE]E?’érC‘q ﬁé’“?%& altrH)c&Hdéf‘gs u’f)%rqol%nflégtl}:?/%,
tunmor- 20 speci fiax weeldys,tadicsdlyaninissttiodsineladinge hut hbiwitegy to
i sol ating attenughgd¢aeLoTS, itkREperE&fdd1N9, susmitagebbsly, specific
vectors are by defi n|t|on1attenua ed. As L‘I\I}& , vectdolrrscgrg hé hil §gggific
and super-i nf ectiRFEFAREULATIY ¢ ARFEALRANEantt fir TUFBSF 7 FHPEC Fhg
bacteri a founto &theZumhe, tetrgget tunor cell as conpared to the non-cancerous
counterparts bec;mes | ar gfte %Bilbgﬁ.ﬁgrshé’ﬁiésh%lfdé*éﬂﬂl@% @tet PLesented by
m croorgani smculture i,s.increased_such that |ower .t.t.ers.
ni cr oor gani sm ve"é"‘lyor°§ &ii’\u%er%%é’& W#hn%torsiﬁ e cr'fesluﬁ tlg.a B18h on the scope
Furt her, the m cfodhgapnvemtioan be attenuated by 30 the deletion or
di sruption of DNA sequences which encode for virul ence factors which

I nsure survi Vﬂ% of th,e m g&iﬁnﬁ ert B6e
c S,

| espatdl | Y
macr ophages a neut r'ophi I%;’{@Wpﬁx g.go‘y’gi.ﬁ@cor% nation
t echni ques and chem cal | or exanpl e, a nunber

of these 35 virul ence facyofs MaeeRests | BEFORES ts&hiﬁoﬁabwm&m- Many,
but not all, of these studi ed INFECTEVELS TUMORSSPECIFIC CLONES

A culture of Salmonella typhimurium strain #14028
was grown exponentially at 37°C in minimal medium 56 plus
glycerol (0.5%) to OD®*= 0.3, then chilled on ice. &an
aliquot was removed so that the culture could be titered for
colony forming units (c.f.u.) on LB agar plates. The culture

20

was washed and resuspended in Na citrate (0.1iM, pH 5.5},
incubated with fresh nitrosoguanidine (NG, 50xg/ml, 20
minutes, 37°C), washed once by centrifugation, resuspended in
medium 56, chilled, and again an aliquot was removed so that
the culture could be titered for c.f.u. on LB agar plates.
Another aliquot of the NG treated bacteria was diluted (1:5)
into LB broth and grown to stationary phase for storage
frozen at -80°C in 12% glycerol.

The remaining bacteria were irradiated with
ultraviolet light, dose = 50J/m2, A= 254nm). An aliquot was
- removed and the cells were then titered for c.f.u. on LB agar

35 plates, with another aliquot diluted 1:4 into LB broth, grown
’ to stationary phase, and stored frozen at -80°C in 12%

25

30

glycerol.
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associated wth survival in macrophages such that these

- 44 - factors are specifically expressed within macrophages
due to stress, for exanple, acidification, or are used to induced
specific host cell responses, for exanple, nmacropinocytosis, Fiel ds et

al ., 1986, Proc. Natl. Acad. Sci. USA 83:5189-5193. 5 Table 4 is an
illustrative list of Sal nonella virul ence factors which, if deleted by
honol ogous r ecoiW) 9E40238N t echni ques or chenical or transpd§dis96/10250

nmut agenesi s, result in attenuat ed Sal nonel | a. 10 15 20

The mutagenesis procedures produced an increase in
the number of mutations in the strain by four criteria: 1)
decreased survival of the bacteria following mutagenesis

(nitrosoguanidine=6-£fold; ultraviolet B irradiation=400- .
5 fold); 2) increased frequency of auxotrophic (nutritional
requiring) mutants to (2%); 3) increased frequency of maltose- R
mutants to (2%); 4) increased frequency of galactose™ mutants
to (0.5%).
10 7.2. ISOLATION OF SUPER-INFECTIVE SALMONELLA

TYPHIMURIUM CLONES #70 AND #71 SPECIFIC FOR
CANCER CELLS

A population of Salmonella typhimurium wild type
strain #14028 was mutagenized as described in Section 7.1

with nitrosoguanidine and UV irradiation. Briefly, the
15 bacteria were grown exponentially at 37°C in minimal medium
56 plus glycerol to OD**=0.3, chilled on ice, washed,
resuspended in Na citrate with 50ug/ml nitrosoguanidine and
incubated for 20 minutes at 37°C. The bacteria were washed
once by centrifugation and resuspended in medium 56. The
bacteria were then irradiated with UV light at a dose of
503/m2, A=254nm.

Prior to infection by Salmonella, human M2

20

melanoma cells were inoculated into Coming Tissue Culture

flasks (25cm?) at approximately 2x10° cells/flask in 4 ml DMEM
25 cell culture medium containing penicillin (100 units/ml), and
streptomycin (100ug/ml), and incubated overnight in a 37°C,
gassed (5%C02), humidified incubator. The next day the cells
were rinsed twice with prewarmed Dulbecco’s Minimal Essential
medium supplemented with 10% fetal bovine serum (DMEM/FBS)
30 and no antibiotics.

The mutated population of Salmonella typhimurium

was cultured on LB agar overnight at 37°C or in a liquid
culture. The following day the bacteria were transferred R
with a platinum wire loocp to LB broth or to DMEM/FBS,
adjusted in concentration to OD*®= 0.1 (approximately 2 x 10°

c.f.u./ml), and subjected to further growth at 37°C on a

35
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25 30 35 - 45 -
TABLE 4 REPRESENTATI VE VI RULENCE FACTORS FOR SALMONELLA 5 TYPH MURI UM
AND OTHER BACTERI A

WO 96/40238 PCT/US96/10250

rotator. Following growth to the desired population density
(monitored at "an optical density of 600nm) the bacteria were
diluted to a concentration of 10° ¢.f.u./ml in DMEM/FBS, and
. incubated at 37°C an additional 20 wminutes.
5 The mutagenized bacterial population was subjected
to a single cycle of infection into- and isolation from human
M2 melanoma cells in culture. Portions of the mutagenized
population were grown clonally on agar and 20 clones of
Salmonella typhimurium were separately isolated and tested
10 for their individual infectivity toward human M2 melanoma
cells. The bacteria were added to animal cell cultures in 25
cm? Coming Tissue Culture flasks at 4ml/flask, and incubated
with the animal cells in a gassed (5%C0?/95% air), humidified
incubator at 37°C. After a 15 minute incubation with the
15 animal cells the bacteria-containing medium was poured off
and the cultures were rinsed gently with warmed DMEM/FBS
(4 ml) containing gentamicin sulfate (20ug/ml), an antibiotic
that kills extracellular but not intracellular bacteria. The
gentamicin sulfate-containing medium was poured off, fresh
20 DMEM/FBS/gentamicin sulfate medium was added, and the cells
were incubated for 60 minutes at 37°C. Following the 60
minute incubation with gentamicin sulfate, the medium was
poured off, the flasks were rinsed 1x with DMEM/FBS (without
gentamicin sulfate), and 1 mM EDTA or an EDTA/trypsin
25 solution (Sigma Chemicals, 1x) in Ca**/Mg** free physiological
saline (4 wml) was added. After incubating with EDTA or
EDTA/trypsin for 20 minutes at 37°C, the flasks were shaken
to suspend the animal cells, and aliquots were removed for
quantitation. Animal cells were quantitated in a Coulter
30 Counter (Coulter Electronics, Inc.) and bacteria were
quantitated by plating aliquots on LB agar, incubating at
37°C, and counting colonies. Quantitation was expressed as

v the number of infecting (gentamicin resistant) bacteria/10°
) animal cells.

, 35 Two clones, "70" and "71", were found to be super-
. infective of melanoma cells, with infection capacities 5-10-

fold greater than the mutagenized wild type strain (data not
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Virul ence Factor or Loci, Specific Stress Ref er ence Overconme or
Stimul at ed Response Acidification

Al puche- Aranda et al., 10
1992 5' - adenosi ne nonophosphat e Bi ochenko and
Levashev, 1987
Cytol ysin Li bbey et al., 1994 15
Def ensi n resi st A4 Fields et al.,Pqegygsnosd pynak
Buchnei er and Hef f er on,
1990 Fi nbri ashown). Clones 70 and 71 were also assessefr fier eeid ., 1990
G oEL relative specificity of the folloWiuf§Mindin 2841 kef Q:ruglﬁurgg
2_“990 | nduced M Cn{quhgr%gyégﬂss and normal human melanoc@*lfggzhﬁcé%oq‘n c%flogt
G nocchi o et al .gark®3?2cells and normal human colon epithelium #1790 as
Jones et al., 39%%icted B TOSe 2(n). Betts
and Finlay, 1992 25 Gal on
and Curtis 111 G nocchio
et al., 1992 Li poprotein TABLE 4(A) St one et
al ., 1992 LPS— Garmeretta et
al., 1973 SPECIFIC INVASION OF S. TYPHIMURIUM INTO MELANOMASV$he et al .,
1992 30 LysosondVMEFANQGNTERAMND (GQLION CANCER VS COLON EPIEHELJUMIN GELLal .
1992 Macr dpadiUISTURE: \GUONER 70" AND "71°+ Fields et al., 1989
Oxi dative stress (Sox; 1 n E |1 unoshi ba et .al ., 1993
PhoP and PhoQ umart Fn?ect?ng Salmonella/w‘{;ehl aluman clef!ﬂ er, 1993
G oisman et al., Cd93ne Clone 70 (ratio)’ Clone 71 (ratio)”
MIller et al., 1989 6 ;A8 -

normal 1.4 £ 0.2x10 1.2 £ 0.3x10

melanocytes

*® M2 melanoma 7.3 + 2.0x10° (5.2) 5.7 + 0.7x10°  (4.8)
colon 1.5 = 0.1x108 0.8 + 0.2x10°
epithelium
20 {#1790)

colon 7.2 + 2.0x10° (4.8) 2.3 £ 0.3x10%  (2.9)

carcinoma

{CaCo)

25 ‘cancer cell:normal counterpart cell
+Results represent averages + SD for triplicate infections.

The bacterial clones #70 and #71 showed strong invasion
preference for melanoma and colon cancer cells over that for

normal melanocytes and normal colon epithelial cells.
30

7.3. ISOLATION OF SALMONELLA TYPHIMURIUM SUPER-
INFECTIVE CLONE #72 BY CYCLING IN IN VITRO

CELL CULTURE

Salmonella wild type strain #14028 was mutagenized

with nitrosoguanidine and ultraviolet B irradiation as
35 gescribed in Section 7.1. A starting population of 5 x 10°

mutagenized bacteria was grown to OD®*%%=_.450, diluted in
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TABLE 4 Pho activated genes (pag; e.g., pagB and Abshire and
Nei dhar dt , pagC) 1993
Hefferon et al., 1992 5

Mller et al., 1992

MIller et al., 1989

Pul kki nen and M Il er,

1991 WO 96/46238 PGIAI/ RS0 |
1992 PhoP and PhoQ regul at ed genes (pr%) Mller et al.,
1989 10 DMEM/FBS to a concentration of 5 x 107 c.f.u./ml, Rapd ;aligvwed
Mller, 1993, to infect human M2 melanoma cells for 15 minutes. Infectid§94
Pori ns ‘o {solated £ the mel Tuf an? set aanl s %988
Serum [ esi st ance JRS5EF4R were isolated from the melanoma pefls, 3 293tge;

Vi rul ence factor@llowed to infect fresh, uninfected poppdntionmidfmedpapua, 15
1993 5 cells. The 2™ round of infecting bacteria were af¥ih and

ngﬁZﬁng?rél 19§§olated and subjected to further cycles of infection i%ggﬁ

Sansonetti, 1992 and isviatdamdezopl akymah M2 melanoma cells. After the

@Qulig and CUftiS%xm%&@Zigﬁ’of 4 such cycles, the population of melanoma-
Rhen et al., 1993

Rii konen et al ., ¥§dsd bacteriggwhpich g desigpate] 202877 was then plated
Fierer et al.,10 o393gar and 19D (vfdividurde clbasaiwbre picked and tested for

Rnen and Sukupol Wneid988i1ity, k¥a ared to wild type bacteria, to infect M2

El si nghorst et al_., 1989 shiro.et al.,, 1993, J. Bacterial.

175 3934 3743 TeARARRCSoR S0 ThE BOVICRoR5 th RELORREPT TRAPICSER. Usa
89:10079- 83 A4928f8- panthdw lectad . poprd@tion. sExsloned. ang JEiledssn 30
Baum er et al., 1®4e knfect. Immun. 62:1623-1630 Behlau et al., 1993,

J- BaCter|O|':ﬁJS:4475_44%§&ditionally, an aliquot of 14028°** was subjected

to two further cyclings in M2 melanoma cells. This 6X-cycled
population was then subjected to 7 cycles of negative
selection against normal human melanocytes. The 6X-cycled
population was added to a culture of normal human melanocytes
2¢ and incubated for 15 minutes. The supernatant was cocllected
and was then added back to a fresh culture of normal human
melanocytes. This negative selection procedure was carried
out 7 times. This 6X-7X cycled population was again added to
M2 melanoma cells, allowed to infect the melanoma cells for
25 15 minutes, and the bacteria were then collected from the M2
cells. This 6X-7X-1X cycled population was designated
14028PF2,
The mixed population of 4 times cycled Salmonella
typhimurium, designated 140287®*, ghowed a 3-fold increased
30 infectivity of melanoma cells over that of the starting
mutagenized population of wild type bacteria. Of the 100
clones isolated from population 14028°?* of Salmonella, two
. clones, #6 and #72, were found to be significantly super-
infective of melancma cells. The remaining bacterial clones
35 showed infectivity that was similar to or below that of the
. wild type strain. In the experiment presented in Table 5,
clone #6 was about 25-fold, and clone #72 was about 55-fold
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Bel den et al., 1994, Infect. Imun. 62:5095-5101 Betts et al., 1992,
Can. J. Mcrobiol. 38;852-7 35 Boi chenko et al., 1987, Bull. Eksp. Biol.

Med. 103:190-2 Boi chenko et al., 1988, Zh. M krobiol. Epideniol.

| munobi ol . 7:9-11 - 47 -

Boi chenko et al., 1985, Zh. Mkrobiol. Epidem ol. Inmunobiol. 12:67-9

Bowe at al., 1994, Methods Enzynol. 236:509-26 Buchneier et al.. 1989,
Infect. Immun. WPO64838 5 Buchneier et al., 1990, Science 2GEYS9p1935D,
Buchneier et al., 1995, J. ddn. Invest. 95:1047-53 Buchneier et al.
1993, Ml . M crqiiQl in%e8§§vc-93(§1an the M@%@ﬁ%kﬁde\hﬁi typed8fraih d%!r@.h
Stand. 17:353-60 10 nP ?% %‘8 mminol ., ,150: 3411- 3 %
Ernst et al., 1960™HfF8cEn ?‘Fﬁﬁ?ﬁ’ p§§1 14 EfGpgrichia aﬁ dr nGhER Rt Kol 2a) |

1989, Proc. Nat |#CSkcadl,Swas aiSAe86t5iwd 1rsieTE of magnitude less 1nfect1ve
than wild type Salmonella typhimurium, thus, demonstrating

»

5 the natural ability of 8. typhimurium to infect certain
animal cells. :

TABLE 5

10 INFECTION OF M2 HUMAN MELANOMA CELLS WITH VARIOUS ISOLATED
SALMONELLA TYPHIMURIUM POPULATIONS IN CULTURE+

Salmonella
Strain Infecting Bacteria/10° melanoma cells
{%wild tvpe)

15 Wild type S. typhimurium 3.8 £ 3.0 x 10* 100

#14028 {(mutagenized) .

#1402 1.1 £ 0.4 x 10° 290

Clone #6 8.6 £+ 1.0x 10° 2260

Clone #72 2.1 £ 0.2x 10° 5500
20 £ coliK-12 <10? <1

+Results represent averages + SD for triplicate infactions.

Over several such experiments shown in Table 5, the
25 infectivity of clone #72 toward melanoma cells varied from 5-
to 90-fold over that of the wild type strain. This variation
seemed to depend on the bacterial growth density prior to
infection of melanoma cells. Therefore, the effect of
population density on relative infectivity between wild type
30 and clone #72 was determined.
Wild type S. typhimurium and super-infective clone
#72 were grown as a lawn on LB agar plates. Portions of the
cultures were removed with a platinum loop and inoculated
into LB broth at a concentration of approximately 2 x 102
35 ¢.f.u./ml (OD*°=0.1), The cultures were then placed on a N
rotator at 37°C and optical densities were monitored as a
Function of population density. At the optical densities
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15 Fields et al., 1986, Proc. Natl. Acad. Sci. USA 83:5189-93 Fi el ds

et al., 1989, Science 243:1059-62 Fierer et al., 1993, Infect. | mmmun.
61: 5231-5236 Ganella et al., 1973, J. Infect. Dis. 128:69-75 20

Gal an et al., 1989, Mcrob. Pathog. 6:433-443 Gal an et al., 1990,

I nfect. I mmun. 58:1879-1885 G nocchio et al., 1992, Proc. Natl. Acad.
Sci. USA 89:5976-5980 Qulig et al., 1987, Infect. Immun. 55:2891-901
25 Hackett WwWO96(40238 1987, J. Infect. D s. 155:540-549 PCTRIS$61825Man et
al ., 1992, J. Bacteriol. 174:84-91 | shi bashi et al., 1992, M crob.

Pathog. 13: 317 3. d0ck! B Sedl of BT 06 MbyodESthn B0l JbSA

91: 489- 493 00S et
al ., 1995, Proc. mﬂ&PPmawthS@PdlewMéB@% FBS) to apjensityepfa} X 110589
Proc. Natl. Acads.fSal/mlSArb2a30bded0a8 idfect hidd 62 @élatoma $898s. | nfect,

gm8936ggg;63 %%%chvn}\'%%iﬁl!sbéeé‘é c%lr‘riet}ggtﬁ:' Ps“&%ScMéd 4'2‘%_%9 Sci . USA

»

5 results are shown in Table 6.

TABLE 6

INFECTIVITY OF WILD TYPE S. TYPHIMURIUM AND SUPER-INFECTIVE
CLONE #72 TOWARDS HUMAN MELANOMA CELLS: EFFECT OF BACTERIAL

10 POPULATION DENSITY+
Optical Density: Safmonella/10° melanoma Infectivity ratio:
{600nm} Clone #72 Wild type {Clone 72:wild type)
0.200 -0- -0- (no infectivity)
15 0.300 9.0 x 10° -0- (infinite)
0.400 5.0 x 10* -0- {infinite)
0.500 4.5 x 10° 5.0x 10° 90:1
0.600 1.2 x 108 3.7 x 10* 32:1
20 0.700 2.3 x 108 2.5x 108 2:1
0.800 3.2x 10° 5.6 x 10° 6:1
0.900 3.6 x 10° 7.3x 10° 5:1

+Results represent averages of duplicate experiments. Variations between duplicates
were < + 15%.

25

The results demonstrate that infectivity of both
bacterial strains was highly dependent on bacterial
population density prior to infection, however, clone #72 was
30 proportionately more infective than the wild type strain at

low population densities.

The results shown in Tables 5 and 6 were also

’ confirmed by phase and light microscopy which revealed super-
infectivity of a 10x melanoma-cycled population of Salmonella
typhimurium designated "M10" as shown in Figures 2 and 3. It
was also found that wild type strain 14028 and clone 72
infected human M2 melanoma cells equally well when grown
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Pol l ack et al., 1986, Nature 322:834-836 Pul kki nen and MIler, 1991, J.

Bacteriol. 173:86-93 Rhen et al., 1993, Mdl. Mcrobiol. 10:45-56 5

Rhen et al., 1988, Mcrob. Pathog. 5:275-285 Ri f konen et al., 1992,

M crob. Pathog. 13:281-291 Sansonetti, 1992, Rev. Prat. 42:2263-2267

Stone et al., 1992, J. Bacteriol. 174:3945-3952 10 Tufano et al., 1988,

Eur. J. Epidemol. 4:110-114 Yet anot her nethod for the

attenuati on of tvwe9edde2issol ated vectors is to nodify substitu@6TaSef103Ne

m croorgani smwhich are responsible for the toxicity of that

m croor gani sm Fonhdexaapdexodiicpopmditsiansharice t{d R8fection. eldweygin when

primrily responshyl grtoind UePakiinl taidea! acrofld eenaselohaciettadh gma s.
I C S

The conponent of 20 reésults i,n response i s
Elimnation or Yafi BFERRIIGH SYPPFERESDRIC 18%?%%%‘@":8? f%\eFeeaSuIctls?nen%
att enuat ed bact eremashed eirfucelde rTisis,ocleept 712 wasodkfertive undepgaeieher

woul d be reduc?gggtggéﬁgg %"%'ééhﬁn\.’cel oQiftht BSnd:LtJ'.tB?&t ﬁﬁ&aéuﬂéq.tn(iécEWéd be

tol erated. Rho seu om)nas aer oi des an Rhodobact er
capsul dt us eaCRMBRERD SO &idfn 5Ty R 1—’?*8%% IKOPRR ORI TP Hoes not
elicit a septic shock response in experl mental ani mal s and, further, is

an endot oxi n ant agoni st . n 19890pcrrvity B8Fls. |79BiMURIUM FOR
58: 3743-3750; Takayma et a le Eﬁﬁ* Aé' s | B sTRATN 34 LIBBR-

INFECTIVE CLONE #72
Super-infective Salmonella typhimurium clone #72
isolated in Section 7.3 was compared to the non-mutagenized
wild type strain #14028 for relative infectivity of human M2
melanoma cells, normal human melanocytes, colon cancer cells
and normal colon epithelium. The results are shown in Table
7.

i0

15

20

25

30

35
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Known simlarities in |ipid nmetabolismand genetic organi zation of lipid

nmet abol i ¢ genes bet ween Rhodobact er sphaer oi des and ot her gram negative
bacteria and the ability of Rhodobacter genes to conplenent E. coli

mut ati ons (Benning 35 and Sonerville, 1992(A), J. Bacteriol. 174:6479-6487,
1992(B), J. Bacteriol. 174:2352-2360; Carty et al., 1994, FEMS

M crobiol. Lett. 118(3):227-231) denonstrate that, for

- 49 - W0 96/4023% x anpl e, Sal nonel | a and ot her bact er i PCTAFBE 250
genetically altered to produce MLA, thereby reducing its potential of

I nduci ng septic shock. A preferred ermoaugx i 97 The present IMvVentron
is a Sal monel l a spp—strain that expresses™ B 5 rather than LA and also

expresses HSV TKTwMeR SRECIRENY OF WILD TYPES THPHMERIGACARD SERE. -

As an.illustrati \rﬁme@oﬂé‘%ﬁ%ﬁ@%ﬁio%&omﬂt%@%gmg@

coli or Sal nonel lcgL| ¥ARicWItygRtent ai | s constructing a

conposed of 105 kB-fragrents—3+o—FromRheodobacter—sphaerodes—wii-ch—-s—u
generated in [er Angnel or Iptéctidg Sadwonelta/and transfected into E. coli.
Cl ones whi ch produce M.A at@® ardmil callel v sel ect ed by using an anti body
screeni ng net hod to detect M.A, such as_ ELISA _In anot her exgnpl e
one generates a gg@-ﬁﬁﬁ?librar%sed of ok 5 (LleRe %72, ynent dratiphm
Rhodobact er sphaevemgles i n pSuRes@Ix10* Which is then treaxhetted into

Sal nonel | a typhi mgtanoeyte C ones whi ch produce MLA are positively selected
by using an 10 apfordskihh, screeni ng net hodol ogy to detect M.A, such as ELI SA
Yet anot her exanmpumahpr altering the LPS of 20 Sal nonella involves the

i ntroduction of putations in the LPS . bi osynt heti c pat hway. Sever al
enzynmatic steps M@ ppran 2.5 £ 0.6x10°  (2.7) 1.7 £ 1.1x70°  (6.3)

melanoma

%i chl a
gene Trbrary

15 normalcolon 6.8 + 0.8x10° 5.2 + 3.0x10°

epithelium
{1790, human)

colon cancer 3.0 £+ 2.0x10* {4.8) 9.6 +3.0x10° (1.8
{HTB 39,

20 human)

"normal” 1.8 + 1.5x10% 5.5 + 1.4x10%
fibroblast
(3T3, mouse)

25 transformed 2.4 + 0.6x10* (1.3) 4.6 + 0.8x10® (8.4)
macrophage
{J774, mouse)

'.*'Resuits represent averages + SD for triplicate infections.
30 cancer cell:normal counterpart cell

Each of the two bacterial strains showed invasion
preference for human cancer cells over normal cells. Clone

,' #72 was super-infective in all cases when compared to the
wild type strain. Further, clone #72 showed a significantly

. higher degree of invasion specificity for human melanoma
cells over normal melanocytes than the wild type strain did.
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bi osynthesis and the genetic loci controlling themin both E.coli and
Sal monel | a typhi nuri um have been identified (Raetz, 1993, J. Bacteriol.
175: 5745-5753 and references 25 therein). Several mutant strains of

Sal monel I a typhi nurium and E. coli have been isolated with genetic and
enzymati c | esions in the LPS pathway. One such nmutant, firAis a
mutation within the gene that encodes the enzyne UDP- 3- O(R- 30

hydroxynyri st oyl VYOP®8kyani ne N-acyl transferase, that 30 regPFHV¥E12AR
third step in endotoxin biosynthesis (Kelley et al ., 1993, J. Biol.
Chem 268:19866-19874). Sal®neiNFECTIVIYY OFNSALNONELIA TYPHIMURT UM WELD
bearing this type of nutation- TYP(Er emmamuq@ m SmRIdFFES'&I‘SEfCFmNﬂM?Bd
type lipid Ain that it contid 2 A : C

acid (Roy 35 and Col enan, 19%onherBa§i-@és Q:lf escf,érm&&sl,%ﬁ): rBLéftlaﬁd
Col eman denonstr a n_ ad the third

t hat. cki.ng e
endot oxi n bi osygtﬂé‘%cs!:lvtlﬁée?l?ﬁ[céf’?f %‘gt%ﬂtf 1§ Eygpe strain 14038 SR Jfdra
- 50 - a variggyr efishwnam zanainenas drewipg oin [duditdra, 4vaki nase

tha stral nohas ﬁ?énéf‘t“f‘?“h o %ﬁ”@?ﬂ"%ﬁe%&“m?& ie descrived iace
i y i
L7 dntia g‘ﬁeg{%gﬁh%’ﬁ%t%fé%e ?%HF 288 that the

the stability of
strains do not revert to a nore virul ent phenotype during the course of
treatnment of a '

prow ding thati¢he virul ence gene is di srUABLH7b4l del et on or ot her

e

epi statlcal ly or t
Salmonella/10® Human Cells

bacteri al chronos
attenuat ed phenot ype

15 Ratio
Origin of Wildtype: Clone # 72:140

Cell Line Primary Tumor 14028 72 28
M2 melanoma 4.0+3.8x 10 4.2+3.5x10° 11:1
HTB57 lung 2.8+1.3x10° 45+2.1x10* 16:1

20 M4TB183 lung 1.0+0.3x 10° 4.1+1.8x10° 4:1
HTB54 tung 2.1+0.7x10* 1.7+0.2x 10° 8:1
A549 lung 3.7+5.6x10* 4.5+4.9x10° 12:1
CRL1740 prostate 2.3+0.4x10° 1.8+0.2x 10°% 81

25 CRL1611 kidney 3.2+1.2x10° 1.8+0.3x10° 6:1
HTB52 liver 1.8+0.3x 10° 2.6+0.8x10° 1.4:1
MCF7 breast 7.3+2.6x10*° 3.6+0.9x 10° 5:1

Results represent averages = SD for n=23-9 separate infsctions.

30

Both the wild type strain 14028 and clone #72 were

able to infect each of the human cancer cells teasted in

culture.

to the wild type strain.

In all cases, clone 72 was superinfective compared

However, human lung line HTBS7 was significantly

35 less receptive to Salmonella typhimurium infectivity when

compared to other cancer cell lines tested,

~ 64 -

In yet another



IS to engineer the bacteria such that it is attenuated in nore than one
manner, e.g., a nutation in the pathway for 15 lipid A production, such as
the firAlerr] mutation (Hrvas et al., 1991, EMBO J. 10:1017-1023) and
one or nmore nutations to auxotrophy for one or nore nutrients or

met abol i tes, such as uracil biosynthesis, purine biosynthesis, and

argi ni ne bi osynt hesi s as descri bed by Bochner, 1980, J. Bacteriol. 20
143: 926-933. | nW2 %8828 pref er ed enbodi nent of the inventi on, PCT/USIG(250
bacterial vector which selectively targets tunors and expresses a
pro-drug conver t $erfiesn2fnexper mendis; ophé difman lungirikicid HTa5@eds ¢ ani no
661ci3dsi Ni f/?lTeRuociCRﬁ:%E&téal i RES aﬁCr%eA.NDEiliaiQ?a\? ?18%&%@'&1%%@18&%@%@ 3
SaLI D Tuvors sl K s&%ﬂs' no tumor "tg‘e%é’ﬁéﬁs°hﬂﬁf‘@ﬁ4ERV%E@=‘(§%
6.3.1.- |IN VI TR®WBIAZN®STLIES 30hether or noéntbebedieidst wetet hscemrésento
nvention s 9 salaneindeiARedadh Likn Rl abNCated Qad Rbe |kt AEREA!
invention in in vitro diagnostic assays and diagnostic kits or the
detection of solid tunor cancers, including but not limted to nel anona.
Al so, the kits may conpri $eét DERCUSSEOMpeci fi c non-attenuated vectors. The
in vitro diagnostic asﬁﬁthdHH}yK'Eﬁeaﬁé§J§§§e&eﬁghééyag%n@ﬁé“?%ilowing:

specificity tow@éfkinfectivity of 5. typhimurium is depeﬂaent ﬁpon population

OF

10 density of the bacteria and b) super-infective clone #72
differs from the wild type strain in its increased
infectivity of melanoma cells at all bacterial population
densities and especially at low population densities under
aercbic growth conditions. The ability to infect at low

15 bacterial population densities is an advantage in the use of
clone #72 as a tumor-specific vector, since it would allow
for a lower c.f.u. of bacteria inoculated into the cancer
patient, thus reducing the risk of septic shock in the
patient. Additionally, the results demonstrate methods for

20 the isolation of super-infective, tumor-specific mutants of
S. typhimurium. Such mutants are represented by clones #6,
#70, #71 and #72 that were isolated via enrichment procedures
for melanoma infectivity by the bacteria. The results
further demonstrate that wild type S. typhimurium exhibits

25 specificity for human cancer cells over normal human cells in
culture. Further, although clone 72 was originally selected
for superinfectivity toward human melanoma cell line M2, it
was additionally found to be superinfective toward human
colon cancer cells and transformed mouse macrophages, when

30 compared to the wild type strain 14028 (see Table 7). The
expression of super-infectivity and tumor-specificity of
isolated mutant clones represent attenuation of the bacteria

. and present distinct advantages for the use of such
Salmonella clones as tumor-specific vectors in the diagnosis
35 and therapy of human cancer.
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a cancerous cell rather than its non-cancerous counterpart cell of a
vector. For exanple, and not by way of limtation, a putative solid
tunmor is biopsied froma patient. The tunor bi opsy is m nced and
digested to a suspension of single 5 cells. Aliquots of the suspension and
a non-cancer ous counterpart or control cell are cultured and infected
wth a tunor-specific vector according to the present invention.

Af ter an incubat Wh6488B380d, the nunber of tunor- speci fi ¢ RFEFYOIYehi sns
whi ch attached to and/or infected the 10 biopsied cells as conpared to the
non-cancer ous counterpart EXAMPLEOIEBLECTICN|FOR SALMONEFLLA @¥PHYMERIUMret hod
known to those skill ed MATANES aﬂlTI-I WWTWUMIWES/QWGRE MELANOMA
associ ated with the target SEGRETORY PROBHE Ny VIERO non.- cancerous.

counterpart or Control cel rpei péll £HamRS cbhds e 2R A2f Detcicall-pSoduced
cancerous, for gggle about vect.ors .w, ect a

tumor cell conpgr ]odz}lHSnlsolaltceaé]ééPgug %%]ﬁ’tegﬁﬂﬁ%?Iglyﬁo&oﬁn%‘éﬁ%gerous
counterpart or feminy detwebh ¢loudmenn8phahouse melawemantriedd st Ardt unor cel |

I'S derived, %eﬁi@ﬁ@a@ mé@foﬁﬂ?ig@?zo@‘%oﬁ%'ﬁ%ﬂ/% ﬁ&ﬁb&an%@ﬂ?bﬁh cell
counterpart or congrol Ig I s, mel an cg_{ne c(_ellr Sim fo% g zancer t he
counterpart cell %n?:d’rs preiIyag tesppd Clgpdman 5y é?'?g]t%ﬁ'of?é PACFPHASE o
is determ ned as bylerisidiér oThe hylmudorsllakiget forned tapisdigt feewing

enbodi ment, aftery, eééa&arelqang tudd¥ss Qg bﬁAﬂéﬁnfl'céedPﬁl?éilél{%%t ad. vv'iébsa _
stain or ant| quy 25 recogni zes t he vector present ‘in

t
t he target cel Fn'ﬁ?ﬁ'b'pl Egm‘?% i 3P4 F?éd 5I' [9r f3PNA in t he
target cell cyt opina]sanomadmaarephaduamybhedb#ups:eé.dlstue:getcultwedl at H0PC in

et hotl conpr [ ses. Sepenias Sungtiif gulieRtey 1o PHER el SAPE bei ng
cancer cells to aP g‘ftﬁﬁ%l‘méb‘é’é f'?etfll\‘r‘é‘cFB’Ft%’ranFB%rg%\trﬁ ?ﬁ% I and
al so conpr i sesnexgusibigt ics antantablndbasks conbasn g MMEMJABE but gel | s

to the tunor- SIéécfnéié?nc)ﬁFaCEQthwéEeCfﬁ%géi?é&”ﬂr@ ai‘allePO”IA?frt@E' ¥8 KU, 0l -
After incubating for a tinme period i

35 whi Croo I snBs can
attach to and/or FRFqdigaKees Temvs 'sa'?ﬂ%"q é’cf‘ﬂ?‘??c{)%%i‘ﬁ@gh 0.45p

m croor gani sm or %&Ltexws,f endtéeored at 4°C. - 52 -
Salmonella typhimurium super-infective clone #72

described above was subjected to mutagenesis with
20 nitrosoguanidine and UV. The mutagenesis procedures produced
an increase in the number of mutations in Clone #72 similar
to that shown earlier when the wild type strain #14028 was
mutagenized. This mutagenized population of clone 72
(v72™tv) was further used to select for mutants with enhanced
chemotactic abilities toward melanoma cell secretory

productg, i.e., melanoma-conditioned culture media.

25

Procedures for loading capillary tubes with
potential chemotactic attractants were modified from Adler
(adler, 1973, J. General Microbiology 74:77-91). Control and

30 melanoma-conditioned culture media, described above, were
loaded into 2\ capillary tubes ("Microcaps®, Drummond
Scientific Co.) as described by Bdler. The capillaries were
handled with forceps. One end was sealed in a flame; the
capillary was then quickly passed several times through the
35 flame and immediately plunged open end down into a 10 ml

beaker containing 1 ml control or melanoma conditioned
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cell s suspected of being cancerous and the non-cancerous count er part

control cells can be conpared. The diagnostic kits of the
present invention conprise an effective anount of a tunor-specific
vectors. 5 The kits can further conprise an appropriate anmount of non-
cancerous control cells. The vector and/or cells may be supplied either
frozen, |yophilized or growing on solid or in liquid medium.  The

di agnostic kits QR0 her conpri se i nert ingredients and O UReY10%0

conponents such as vials, 10 packaging conponents and the like, which are
wel | known to  cuhbuee shediued i Astthe mapillary cooled (abhoutcdt aiputes),

enbodi ments, the)ygai@rwad!selzwn 1QTad® 1 cethods of diagnosis of the

present invention can furt onprise tunor-specific Jenuated or
non- at t,enuat ed 15 vect or s.‘g‘?elrr‘("’é‘?ﬁg? n@ﬁ’d’dﬂﬁ“ﬁéﬁ‘f’sﬁ WADR; 3% %tf qeﬁé‘ %geg%lfﬁ
i nventi-on can cowcpilsetedirhy cepbrifigatisnt endatemhspended-in comtrehuat ed

vectors. 5 DMEM/FE® cdllthid8t hédi e BReHPhESy & cofic¥hiFdt {GnABROEHY CS

of soli.d tunor cangers, incl Lidl ng bu& not limted.to %?I anong, %f_s;e
Sections 22, 25 &nf-9e/ml. Aliqudts (200503, 52 * JO i3 TRERTRERAPRF 28011 D
TUMORS intoThes welctmicgofuge usibeisn | hoaded cephtbary redesent are

a subset of the VEeLOFfodd ddveP! #SRNHRY eRbL AL %@nzénd/%&r $nt8rend

vivo treat ment have, been attenuated such that en,admoni stered to a
host, the vect or PBREE™MHR N FRFUIR Eibes copepining (he KBLTonHd%asi er to
eradi cate frorhd hgphbstrium, asdstkenassayawpsebeguredyeiboukbatsimy, ath&7¢v@ct or s

are super - i Nheebi Ve & te@NhahebANLnPeeh 1 GafPuBel A AeHBBEACRIdN

30 In a nore preferred enmhodi nept, the vectors aré al_so, sensitive to a
broad range of afPFBEBE; «r:T"'J[s)h.e sealed ends werk Breligh 6’%’3 VHER (5P rBE 952t or s

can encode and the capillaries were transferred to 15 ml conical
centrifuge tubes containing 3 ml LB broth. It was important
15 that the upper tips of capillary tubes were covered with LB
broth in order to assure quantitative recovery of the
bacteria via the centrifugation step described as follows.
The capillaries within the centrifuge tubes were then
centrifuged (1000x g for 4 minutes) to force the bacteria out
20 of the capillaries. The bacteria were resuspended by
vortexing, and aliquots were spread onto LB agar plates for
quantitation. Significant increases in the number of
bacteria entering the capillaries containing melanoma-
conditioneg media compared to control-conditioned media
25 indicated a chemotactic response of the bacteria to melanoma-
secreted products.
Aliquots of mutagenized super-infective Salmonella
typhimurium, "72™¢v, described above were placed on a rotor
at 37°C, grown to an optical density of 0.4-0.6 at a
30 wavelength of 600nm, and subjected to the chemotaxis
procedures described above. The chemotaxis cycling procedure
was repeated 4 times through successive challenges with
. melanoma-~conditioned culture medium. The population obtained
after 4 cycles was designated #72F®%, After the 4th cycling,
35 aliquots of the mixed populations of bacteria were frozen in
glycerol. Additional aliquots of the mixed population of
Salmonella typhimurium obtained from the fourth cycling were
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"sui ci de genes", such as pro-drug converting enzynmes or ot her genes,
whi ch are expressed and secreted by the vector in or 35 near the target

tumor. The gene can be under the control of either constitutive,

i nduci bl e or cell-type specific pronoters. In a preferred enbodi nent, a
sui cide gene is - 53 -

expressed and secreted only when a vector has invaded the cvt opl asm of
the target tunorW@@4/40238t hereby limiting the ef fects due t(f%’)?ﬁ?%@gzé?on of
t he suicide gene to the target site of the tunor. 5 In a

preferred enbodi wagh, céddifaRC @l an agtidyHisdeneted popalhbtomast muergertasas
the HSV TK gene. on n Rent exnressi o f ; ;28d. d

adm ni stration ofcygﬁﬁcﬁc)l-g&irzr 5 T t%e%?i(l)l.‘sr?, e%gtégﬁégcﬁ%\%qr%ligg owar
phosphoryl at ed i gonkeol anskmedpasmaotondis igned FBHGAFEsHEdHITH Thef Feypirs
perneabl e to 10 npyel spdindad Maphesphat es. The phosphoryl ated ganciclovir, a

toxic fal se precursor, readily passes out of the peri plasm of the
m croorgani sm ahd into the cytoplasm and nucl eus of the host cell where
it incorporates mMTo—hoST CeM DNA, - T her ebx causing the death of the
host cell. 15 Anot her enbodi ment TOBLE§e present invention is to

provi de net hods ef—t+eatrent—of—sot+d—tumor—carcers —wth SOt ated

att enuat ed vect or EVIDENCR FORRRSITIVEH CHHMQORACTIES RESPRINSRDIOF, S.a7 HRFMWENR/UM
di agnosed with a 36 CONDIFONEERGROWTH MEDIEM OFsZWISTURER MELANQMA GELLST

i ncluding the {¢-witro-20di | ' '

aghostic—nethods—of—t-he—preseprt—rvrent+or—Fthe
vect or used | N SkRRoddligat ment BaayriglCapitigey Tubet sol at ed usi ng the net hods

of the present invention with target cell |ines or using nodel tunors
in mce of the tagggin tissue. |pomrsitMediugrbodi itioned Medium Ratio:
#12™ 1.2x10% + 0.2 4.4x10° = 2.7 3.7:1
5 (mutagenized,
5 no cycling)
#7202 0.5x10® % 0.1 1.8x10° + 0.4 3.6:1
(mutagenized,
cycled 4x)

20 +Results represent average + S.D for quadruplicate capillary tubes.

Both populations of bacteria tested showed positive
-chemotactic responses to melanoma-conditioned culture medium
over control-conditioned medium, displaying an approximate
4:1 preference for the melanoma-conditioned medium. Although
25 the chemotactic response of population #72°®? was not
statistically significant as compared to the chemotactic
response of population #72™* for melanoma conditioned medium,
the chemotactic response of population #72P®2 was
significantly reduced as compared to the chemotactic response
30 of population #72™* for control medium. Thus, the propensity
of population #72FP®? to enter capillary tubes containing
control medium was significantly reduced. These results
suggest that population #72FP? is less efficient in motility
generally, however, upon exposure to melanoma-conditioned
35 medium, population #72P?? showed a chemotactic response

equivalent to the control population.
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the biopsied tunor cells are used in the selection assay for 25 isolating a
vector which is super-infective and tunor- specific for the tunor of the
patient. In a preferred enbodi ment the vector is genetically nodified,
for exanpl e, to lack virulence factors, express a suicide gene or both
as described in Section 6.2.2. In addition, the isolated vector 30 is
anal yzed for sensitivity to antibiotics to insure the er adi ' f the
vector fromt heq’gé:\H’ #ﬁa s body after successful treatnent ggf’%éﬁpﬁg
pati ent experiences conplications due to the adm nistration of the
I sol at ed vector. 35 Whatever Wien madhami siseifedt tive adiffierent, e.g., an
ani mal for vet h sfors
%Hefﬂafé/ctﬂ%epﬁé nb Qs f%&pﬁeéﬁéd %ﬁﬂ Eh&a#vy&eanh 7 )8

can be used al one or e co ol ogl ca

- 54 -, populations, pfhrererdiadpefab aaqﬁéﬁuﬁe%‘ﬂﬂ?t ASACN S H
saliney or ot hehaphyise ghegotybesy cancbpt abtae&(mpl e .sdlecgéneral , the
dosage woul d r?Egﬁofzé@ﬁ?@%‘fuéxﬂoéﬁhg]-ﬁg[:@%{i % f uHcég&vé”&fa,Q'i@Q&s of2bout

1 to 1x10[err] e vectors of resent nventl n can
be  admi ni st er eBehInAMAGORSLL LPneb fedda i ntt Ui &g BﬁY thi Page

orally, topical | popubaeiirisonfi metaghmigedbuthénatiaedeably ayﬁledvbacme&gg

| ntraperi toneal | yooslbetaNEAUSL YexperifkhBIUSS TR X nifBdAiREGLEY, |- €.

direct injection PRt 0 | owm ng series
of exanples are BPE%%%?éﬁqﬁ§551n$w%PKﬂW1?FIG%Y?Eﬁﬁ BReaPlYRRR 0¥ HABS of
limtation onithehenopsctic ebspdrese moenklanoma cell-conditioned medium.

9. EXAMPLE: ISOLATION OF TUMOR-SPECIFIC MUTANTS OF
SALMONELLA TYPHRIMURIUM BY CYCLING IN VIVO IN TUMOR-
BEARING MICE

Tumor cells inoculated into DBA/2J mice from

15 Cloudman S91 melanoma/macrophage hybrid cell line #48 were

used as the target tumor for the selection of attenuated,
tumor-specific Salmonella typhimurium. Super-infective
Salmonella typhimurium clone #72 was mutagenized with
nitrosoguanidine and UVB as described in Section 7.1
20 producing a mutagenized population derived from clone #72.
The mutagenesis procedures produced an increase in the number
of mutations in clone #72 similar to that shown earlier when
the wild type strain #14028 was mutagenized. Cloudman
melanoma/macrophage hybrid #48 cells were inoculated (s.c.)
25 jnto DBA/2J mice at a concentration of 10° cells in 0.1 ml
gsaline/inoculated site and a total of 4 sites/mousge in the
shoulder and flank regions. After 8-10 days, palpable tumors
developed, and the mice were inoculated (i.p.) with the
mutagenized Salmonella population derived from super-
30 infective clone #72. After 2 hours of infection, the mice
were sacrificed, the tumors removed, weighed, and homogenized
in a teflon homogenizer in 5 vol (vol/wt) LB broth. an
aliguot of the homogenate was then diluted about 1:4 in LB
broth, placed on a rotator at 37°C, and incubated through 1-2
. 35 population doublings, should be monitored at OD?, in order

to ensure the recovery of viable bacteria for successive
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15 7. EXAMPLE: | SOLATI ON OF SUPER- | NFECTI VE, TUMOR-

SPECI FI C SALMONELLA TYPH MURI UM I N VI TRO 7.1. MJUTAGENESI S
BEFORE | SOLATI ON OF SUPER- | NFECTI VE, TUMOR- SPECI FI C
CLONES A culture of Sal nmonella typhinuriumstrain #14028 20
was grown exponentially at 37[err]C in mniml medium 56 plus gl ycer ol
(0.59%9 to ODerr]= 0.3, then chilled on ice. An al i quot was renoved so
that the cul t ur eWOP6ME3be titered for col ony form ng unit SPEEUPEN250 o
LB agar plates. The culture was washed and resuspended in Na citrate

(2 8. 1M pH 5.5), 3%&&&11%1@%133 %ﬁ%& tﬁl&lesgbé&ﬁirr@sg?aani UPHRE piebed®d avas] g/ M,
m nut es, err , S once centrd atin esusp. 3N

medi um 56, chille ,peéJr%-‘ datﬁl?ﬁu% 4alc?/8%]% Psmrféa‘g\gg SOt h%.?'g' ﬁ%hﬁ%qvg&l Plre

coul d be titered ¥egovery. froontu®rggar Ap| the deginnipgiafe eaghi greke ofthehe NG

treated bacteria mased gt Bdofdria) i38chldted Bndr ehd @ik GFOVALéE idrakwagnary

phase for storage frozen at, -8Q[err]C in.12% glyceral . . The
remai ni ng bacte iﬁe%creéio %FPQSY%? é’éjeo.(na‘?%\s cycu:llet i gv?’(y')%éfqﬂ éﬁf Te%l%eseth:e
50J/ nR, " [err] = 25smingensy of i spiectian for rameredpaptf xchautants. wdihe t hen

titered for c.f.uredi} tlaBrapapuliir iPnateSovartdd aZRethercydlliegUehs didsiipdcbad
into LB broth, orgife 19,3t ALLANY s PARRS o2 atte G LhRaSTeq i HbELT] C
in 12% gl ycerof " ’ proceau - %ge- in table
The nut agenesi s p? dwddwr.es produced an increase in the nunber of
mutations in tHg strain by four criteria: 1) decreased survival of the
bacteria foll ow ng_mut agenesi s

TABLE 9

SELECTION FOR MELANOMA-SPECIFIC SALMONELLA TYPHIMURIUM IN
TUMOR-BEARING MICE

15 Infection Total # Bacteria Infection Total # Bacteria .
Cycle inoculated/mouse Time Recovered i ors
1 1x10'° 120 min 2.1 x 107
2 1x10° 80 min 1.6 x 10°
3 6x108 60 min 1.7x 108

20 4 2x10° 40 min 1.4 x 10°

‘Infecting Salmonella were pooled from 4-8 separate tumors for each cycle

These results demonstrate that infecting bacteria can be

25 recovered from tumors in vivo. These results also
demonstrate that in vivo cycling results in an enriched
population since fewer bacteria were isolated than were
inoculated.-

30 10. EXAMPLE: PROLIFERATION OF SALMONELLA TYPHIMURIUM
WITHIN MELANOMA CELLS

Proliferation of a gene-delivering vector within

target tissue can both amplify the gene within the target

tissue as well as allow one to reduce the titer of inoculated

35 vector, thus reducing the risk of septic shock in the host.
The following examples demonstrate that Salmonella

typhimurium proliferates in melanoma cells.
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(ni trosoguani di ne=6-fold; ultraviolet B irradi ati on=400- 5 fold); 2)

i ncreased frequency of auxotrophic (nutritional requiring) mutants to
(29 ; 3) increased frequency of nmaltose mutants to (2% ; 4) increased
frequency of gal actose nutants to (0.5%. 10 7.2. | SOLATI ON
OF SUPER- | NFECTI VE SALMONELLA TYPH MURI UM CLONES #70 AND
#71 SPECI FI C FOR CANCER CELLS A popul ation
of Sal monel | a t WM um wi I d type strain #14028 was nut Wettas
described in Section 7.1 W th ni trosoguanl dine and UV irradiation.

Briefly, the 15 bacteria ®Rr®. growﬁng;'e RATION| WT%E“}‘?{E\?PFF@ HUMAN M2 |
medi um 56 plus glycerol teo OO eFEpARIH tas ,

resuspended in Na citraterw &@s &H@ﬁr ]:Eétfﬂsallniohesmgua;m}ﬁlmmeamd
incubafed for 20 _minutes aL 370err ] 833%52‘%&%5@ g%hes Washgdeure QAR bY

centri fugatl on aﬁﬁoh suspended i n acteria were then
irradiated witlg Swiklige tames ebsboyk 30 B FOnParptes (3 Afllyahtahe

Pri orI ;? idnf etct | BELAW. Swllmanei@@ sdlionel M straf(ﬁ|( anooas Gald supere

i nocul ated into ur

approxi mately 2x1’6€;eq'r£3‘]vecgi?§? %azts I?’egﬁ i"‘éﬁl‘%%% %g& Je]é% ?E?ethrsedl um
cont ai ni ng peni cEklture redianf stumap, Manwelanosey éﬁi-l)?ry%l"h 101 grRlEnPTg/ i ) |
and Ib ntcubat $ﬂ oV e i f)fdtschoP @&Heeeﬁlgare ﬂ@aRS&d itﬁmﬁerﬂumwdffﬁeﬁnl

i ncubat or . e nex ce

Dul becco's M monﬁ]‘iﬁﬁg%ﬂ‘ﬁg‘é}m %etc? ﬁfégu ppl %@ Ié‘gb #Qt 8‘&9???@{8[ ovi ne
ser um ( DVEM FBS) a8@edrtd kdlinextgxnglosbut ot mternal:m%d AICALELR pARF at i on
of Sal m)lnel ! adt yaéléilktgnlau@ens%f éllllﬂatrﬂéﬁded)rad&aaga?e@mmlt@ht narhbe’i:?][oérr] g
or in a liaqui u e.f ol owin e tr erre
with a platinum \H"\g%rrfatbidﬁ fl 0 f%t #tor ?aylﬁf\?E%Fgggg g‘%@l%ugt edﬁ%ﬁ
concentration toreppkss ]afeOPIeﬁefﬁﬁ%MPb}%/ W.x 10[err] c.f.u./m), and

subj ected to further growh at 37[err]C on a
- 56

TABLE 10

PROLIFERATION OF SALMONELLA TYPHIMURIUM WILD TYPE STRAIN
#14028 AND CLONE #72 WITHIN CULTURED HUMAN M2 MELANOMA

CELLST
20  Salmonella Strain Time (h}  Sa/monella/10® Fold Increase
Melanoma Cells
#14028 wild type 1 6.8 x 10° -
2 1.8 x 108 2.6x
- 4 1.8 x 107 26x
25
6 5.4 x 107 79x
Clone #72 1 5.8 x 10 ---
2 8.0 x 10° 1.4x
4 3.2x 107 5.5%
30 6 1.4 x 10° 24x

+The numbers represent averages for duplicate and triplicate determinations, with the
variation between replicates < + 25%.

35
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rotator. Following growh to the desired popul ation density (roni tored
at an optical density of 600nm) the bacteria were diluted to a
concentration of 106 c.f.u./m in DVEM FBS, and i ncubated at 37[err]C an
additional 20 m nutes. 5 The mnut ageni zed bacterial popul ati on was
subj ect ed to a single cycle of infection into- and isolati on from human
M2 nel anoma cells in culture. Portions of the nutagenized ul at | on
were grown cl onavQ96/49238agar and 20 cl ones of Sal nonel la t ¥h wer e
separately isolated and tested 10 for their individual infectivity toward
human M2 el anona cel | 3.0.2he bacnmﬂmzmmmduaﬁmolmnm GOMPRBuUI t ures
in 25 cn2 Com ng Tissue Culture d

with the animl cells in g2 §§%&é@%eaﬁa,ém@e@ 6Lo. it sbihi Qéeas

i ncubator at 37[errlC. Aft ut e | h

cells the bacte£| %ean"lmaq rﬁlﬁ'&tnﬁlla?m Eﬁ lﬁ(f?f w“‘@ﬁh%é ?Pﬁ ures
were rinsed ge%t h;landsrhaﬂmcnreﬂh@&l\uﬁﬂﬁd #484cel)s.corfbénithe gemeanamm
sulfate (200er!] genbl1pal ARLKBED! 16-10 dahd) tid lmic8xbieagohditiar but not

i ntracél lul ar bac amcin SF t e- copt ai ni ngl nedi um was
poured of f, fresRnogubnead HasPolntirh & F 241 rSalBoRel & @RS ™MEARY: a4 t he
cells wer e i ncababrel IDrstE@ins ntdedawedd| eikd @ypéo#lmm@rtdwueer-

m nute incubatio Cih, sul e | ”h&@:? deaured of f,
The T asks wer o FPREER s Gt Bl Ao & hokre g5 24 hbRte po

n.c
and 1 mM EDTA gy iBRCEDTRIQY ywhEhnbastersia P&ﬁe(%?‘ﬁnﬁ’l%ﬁ a’B’a‘ialsl J:x)an?ng’)’én
Ca[err]/M[err] feuehaphysd Wyogheathesis aliithem¢dofne .waSunchoe dindAlligers
i ncubating with EQIA 9§move<f—9l'éé£§%£ﬂ£| ma?;s@{i &wws%érﬁie e roCost he

fl asks were shake | S, uotfz wer e
removed for qt&'&ﬁﬂh‘?‘ét iand hampgenized |ia Jdér@r%ﬁfhﬁttl f’"afﬁ'al P 3¢dul ter 30
Counter (Coul ter (Eb2ectumint G&,) .| NBag¢teich heceequantyitated by uslst itgt sieby

plating aliquots t‘n%ﬂl égngt.ggg ’onltBCﬂQa%iJ&sat 1ncu§gt£ﬁfgr l:gerﬁ{@h@%tn@ﬂaﬁ and

col oni es. QJaritﬁ n was expresse nber of infectin
(gentamicin resi %&ﬁ?}n%&%%e%?iof%l‘?’}ms  Ninbers represent averages i

§.D. The results for the 4 hour and 21 hour incubations of
the bacteria in mice are detailed in Tables 11(A) and 11(B).

20 TABLE 11

A. DISTRIBUTION OF SALMONELLA TYPHIMURIUM 4 HOURS
FOLLOWING INOCULATION (I.P.} INTO CLOUDMAN §891
MELANOMA-BEARING DBA/2J MICE

Salmonella Salmonellal Salmonella/ Salmonellal Tumor/
Strain mi Blood am tumor {wet wt) am liver {wet Liver
258 ——— wit)
wild type  6x10° 8.9 + 2.5x10%n=4) 3.6x10° 1:4
clone 72 2x10°8 3.5 + 3.3x10%n=4) 2.4x10° 1:7
B. DISTRIBUTION OF SALMONELLA TYPHIMURIUM 21 HOURS
30 FOLLOWING INOCULATION {(I.P.) INTO CLOUDMAN S91
MELANOMA-BEARING DBA/2J MICE
Salmonella Sal/monella] Salmonellal Salmonellal Tumor/
Strain mi Blood am tumor {wet wi} gm liver {wet Liver
wt)
35 wild type 1.0x10* 1.3 + 0.8x10%n=4) 4.4x10° 300:1
clone 72 8.7x10° 2.1 £ 2.7x10%n=4) 5.2x10° 4000:1
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animal cells. 35 Two cl ones, "70" and "71", were found to be
super - I nfective of nelanoma cells, with infection capacities 5-10-

fold greater than the nutagenized wild type strain (data not

- 57 - shown). Cones 70 and 71 were al so assessed for their
relative specificity of the following human cells in cul ture: (%%

nmel anoma cell s and normal human nel anocytes; "CaCo" col on cancer cells
and normal hunaWO#A8 epi t hel i um #1790 as 5 depicted i n TaPfEUS§/pRs0
TABLE 4(A) SPECI FI C I NVASION OF S. TYPH MURI UM | NTO MELANOVA VS
MELANOCYTES AND COLON CANBER: \I®WZEL OnsERrpdRlrtionh N CHAImboeCLA T WREXreCLONES

"70" AND "71"  yeddFRRyer bactemt et thY RoFenehss/ ﬁp[t%r biobwngreanl | s:

Th [or] 0. ax1ofs e Liver EEE in wifs Higel frone 144 aRh otand™

mel anoma 7.3 2HOseM¥rer by 21 Shrs, SBliondllax¥8ferfdund 4nl8yreat coI on

1.5 [err] O. 1X3055Hﬂaance in the éﬁﬂargeﬁé]tﬂgt2¥ﬁg[§£€ﬂo of bﬁ@téfﬁﬂ/

(#%ng?érf? (2. %ﬁssue 18aFH$?ﬁﬁn¥as % 80 o %k% tﬁat Qn the %lvei€¥6

super-infective mutant clone 72. After 21 hours post-
inoculation of bacteria, the number of Salmonella in the
tumors was similar for both the wild type Salmonella strain

10 and clone 72, and was far greater than the total number of
Salmonella originally inoculated, indicating that both wild-
type and clone 72 strains of bacteria proliferated within the
tumors. Thus, the ability of Salmonella typhimurium to
infect melanoma cells and proliferate within them was

15 expressed both in cell culture as seen in Table 10 and in
tumors growing in mice as seen in Tables 11A and 11B.

The wild-type strain 14028 showed higher
infectivity in liver than did clone 72. The higher
infectivity of liver by the wild-type Salmonella was

20 consistent with the observed greater lethality of the wild
type stain toward DBA/2J mice than that produced by clone 72
at high bacterial inocula (>10% c.f.u./mouse, data not shown).
Similar results were observed with C57BL\6J mice bearing
B16F10 melanomas as seen in Table 18, Section 15.2.

25 Together, these results demonstrate that selection for
strains of bacteria or other parasites with enhanced tumor
specificity in vitro yields mutant strains with attenuated
host toxicity in vivo.

30 10.3. DISTRIBUTION OF SALMONELLA TYPHIMURIUM IN
TUMOR-BEARING MICE

The following experiments demonstrate that

Salmonella can localize to and proliferate within a tumor of
’ an animal bearing either multiply-implanted subcutaneous

a5 Melanoma tumors or naturally occurring metastases.
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(CaCo) 25 [ferr]cancer cell:normal counterpart cell +Resul ts represent

averages SD for triplicate infections. The bacterial clones #70 and
#71 showed stroong invasion preference for nelanoma and col on cancer
cells over that for nor mal nel anocytes and normal €ol on epithelial
cells. 30 7.3. | SOLATI ON OF SALMONELLA TYPH MURI UM SUPER-

| NFECTI VE CLONE.#72 BY CYCLING IN IN VI TRO CELL CULTURE
Sal nonel | a wi I"G"WQ p&40338r ai n #14028 was nut ageni zed wi th niBGTES3YYERi di ne
and ultraviolet'Birradiation as  described in Section 7.1. A starting
popul ation of 5 x 10[err] 14 3Tdt ageHigAAERASHAT iR MANOSEONA HOLLOWING

O err]=.450, diluted in : DIRECT INOCULATION INTO CLOUDMABBSS1

_Dl\/Fl\/l FBE to____val\;gonclent ration of 5 x MExAwoMa CUKMORS /i, and all owed to

i nfect humarr M2.:mel anoma | S Af ] tLN0in AR @eagnere

i solated fromthe nel anorr:acﬁ%:p‘ufla Fsmcé%z"’%%egili%%u%ﬁ%%dbf guilsnf ct %fﬁ?gg h

uni nf ect ed pg lieshsand Fiehinshaulders ands flapks)y Wath 190538“6?“"“? et i ng
bact eri a were-&jdiel anoinaphdrephagd Bylajiertsddet 0 Faliabée tywdes apipeamtdcd+ on

into, " and isolat] . el . '
'OP 2 sucﬁncy_lclsigézldt ﬁgy%{)%g%t-%ggﬂl%@ﬁ,a%%g?sgﬂiﬁvep‘gh§ﬁaigQﬂerecOrrpl etion

e ulatron o
- “Belected, and 2 of the 4 tumors (right shoulder and left

ﬁflank) were directly inoculated with Salmonella typhimurium
uper-infective clone #72 at c.f.u.’s of 7 x 10* or 7 x 10°
acteria/tumor. At 21 hours post-inoculation, mice were
uthanized with metofane. Tumors and livers were removed
septically, rinsed with sterile NaCl (0.9%), weighed, and
omogenized with NaCl at a ratio of 5:1 {(vol:tumor wt).
acteria were quantitated by plating the homogenates onto LB
lates, incubating overnight at 37°C, and counting bacterial

“colonies. The results are shown in Table 12.

TABLE 12

‘DISTRIBUTION OF SALMONELLA TYPHIMURIUM CLONE 72 IN
" CLOUDMAN $91 MELANOMA-BEARING MICE 21 HOURS FOLLOWING
~. DIRECT INOCULATIONS INTO TUMORS

Inoculum/ Salmonellal Salmonellal Tumor/
tumor g tumor (wet wt) g liver {wet wt) Liver
7.2 X 104 '
Tumor 1° 1 x10° 3.0 x 10°% 3,300:1
Tumor 2 3X107 100:1
Tumor 3 1x 108 330:1
30 7 ox10°
Tumor 1° 4 x 10° © 5.0x 10 800:1
Tumor 2 3x10° 600:1
., Tumor3 3x 107 6:1
35

~ ‘inoculated tumor
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cycled bacteria which is designated 14028[err] was then plated 10 on agar

and 100 i ndividual clones were picked and tested for their ability,
conpared to wild type bacteria, to infect M mel anoma cells. The results
of the selection process on 14028[ err] and sel ected popul ati on
sub-clones are detailed in Table 5. 15 Addi tionally, an aliquot
of 14028[err] was subjected to two further cyclings in M nel anoma
cells. This 6X-cYePe#H238 popul ati on was then subjected to 7 RFATUS/18350
negative sel ection agai nst normal human nel anocytes. The 6X-cycl ed

popul ati on was added to a ﬁulswﬁne:fpf ey 1@l SWl@b@ﬂ]Q@Y&I@%fZ@uﬁaﬂ—

i ncubated for 15 m rn was_ C q y\@ hen
added back to a fJ'trl t%‘{@"OEF ﬁ’&i’ah Hfah™ cci %ﬁgcd rec §tnegat| ve
sel ection pr ocedLﬁP@Cwﬁ%‘CJe@d itagnors, o‘ihe Balmapellar moszléxbev)é@yzsi éé distal,

popul at-i on was agin? iAdEErhted tumdBs MelTROBRoGRd Bf Ballpveel 10 fonhecint he
mel anoma cellsgq__ 15 mnut es

d.t bact |
The o Cool e Ynerppaded S fieallity 12 BRSLNE e\ ZaTnblel £ dnneiiSted T O
[err] : intoThke rm@d pypuing ithatothe $almonedyegl prioSdierated| a

typhi nurium desiygrat g Het GARoRE! | , Tisd PuRAk1 85 JadrtirEtird e & casaed s?aqmonena

infectivity of I qQma_cel | s _over

popul ati on of wi |G Bgrjo%tc&ni groi'}g???etelﬁbpgl%I%ﬁé‘g‘O?So?’é* e%q’l’aFo mor
popul ati on 14028[ver Fhefciguiatoryasyatan, teaveledsso #6 daatianty Xumee; eatdund
to be significoigds138efdte withiaCihye dfstaBt an@msx.cel | s. The remai ni ng
bacterial clones 35 showed infectivity that was simlar to or below that of

the wld type strain. 1In the experinment presented in Table 5, cl one #6

was about 25-fold, and cl ok 3¢#22 WoRISTRIPUTEION {QF FALMONELLA INTO CLOUDMAN
§91 MELANOMA METASTASES

This experiment shows that the bacteria should be

15 able to target naturally-occurring metastases of solid
tumors. _
1 x 10° Cloudman S91 melanoma cells were inoculated
s.c. in the tail of a DBA/2J mouse. After approximately four
weeks, a soft tissue metastasis (~0.5 g) developed with no
20 visible evidence of a primary tumor in the tail.
8. typhimurium clone 72 at 2 x 10° c.f.u. was inoculated i.p.
The mouse was sacrificed 48 hours post- inoculation, and the
liver and tumor were removed, homogenized in Luria broth, and
guantitated 'for §. typhimurium by serial dilutions on LB agar
25 plates.
The results shown in Table 12{A) demonstrate that
Salmonella typhimurium clone 72 can target and proliferate

within a metastatic tumor.

30,
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nore infective than the nutagenized wild type strain during a 15 mnute
I nfection period. Escherichia coli, strain K-12, #CSH 101, was at | east
two orders of magnitude |less infective than wild type Sal nonell a

typhi murium thus, denonstrating 5 the natural ability of S. typhinmurium
to infect certain ani mal cells. TABLE
5 10 I NFECTI ON OF M2 HUVAN MELANOVA CELLS W TH VARI QUS | SOLATED
SALMONELLA TYPH woRsMRB$FOPULATI ONS | N CULTURE+ Sal monel | aPCT/USI8EG280 n
Infecting Bacterial/ 1l0[err] mel anoma cel | s

(%1 d type) 15 WIT@ Type S. typnrmuriuam 9 7] 3.0 X I0[€err] 100
#14028 (nut ageni zed) #14028[ err] TABiEd&Ti. 1 0.4 x 10[err]

290 Cl one #6 . 86—t 0—x—to0ferri 2260—Cone
#HT72 2. 1 DISTRIBUTIONeOF [SALMONELLA TYBHMUBIUM CLONE K2 IN A

<10[ err] DBA/S4 MOUSE RiTHI A SQFIpT ISSHITt MELANOIA METASTASIS! or
triplicate infegti Ghs- O |

in Table 5, the 25 imidsgeti vity of cEalhnélia/gtiseaed nel anomunse/Uivervari ed
fromb5-- to 90-fold over that of the wild type strain. This variation
seened. to depend onfjee bacterial growdhigengdity prior to infection of
nmel anoma cells. Therefore, the effect of popul ati on density on relative
infectijvity betweentylgd type 30 and clppg g2 was det er m nedpo:1

WIld type S. typhinurium and super-infective clone #72 were grown as_a
| awn on LB agaiopl at | . . re renmoved with a

pl ati num | oop and iJ%%ﬁFggégggwa?ﬁigﬁﬁgsgﬁbtﬂgéyégﬁgﬁﬁcentration of
approximately 2 x 10[err] 35 c.f.u./m (ODerr]=0.1). The cultures were
then placed on a r ahat opxkerkl ANTISIGYXt GEivseeivIPnUH WEED VY
nonitored as a f unct i onsSALMGNEUIASTYERTIMIRITUM STRATN t 140 28PAND sSUBERISI L €S
- 60 - INFECTIVE MUTANT CLONE 72

15
11.1. SENSITIVITY TESTED IN VITRO

Wild type Salmonella typhimurium strain 14028 and
super-infective mutant clone 72 were tested for antibiotic
susceptibility and were each found to be sensitive to 12
20 different antibiotics currently used in treating bacterial
infections. The bacteria were tested according to the
standard protocol to determine antibiotic seneitivity as seen
in clinical laboratories, so that a patient is not given an
antibiotic to which the microorganism is resistant. The
25 bacteria were tested for antibiotic susceptibility by

subjecting them to the Disc Diffusion Susceptibility
Technique Kit (Remel Corp., Lenexa, Kansas). The data are

presented in Table 13.

30

35
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I ndi cated, aliquots of bacteria were renoved, diluted in mel anoma gr owm h

medi um (DVEM 10% FBS) to a density of 1 x 10[err] c.f.u./m, and all owed
to infect human M2 nel anoma cel | s. Infectivity assays were carried out
as described. The 5 results are shown in Table 6.

TABLE 6 | NFECTIVITY OF WLD TYPE S. TYPH MURI UM AND SUPER- | NFECTI VE 10
CLONE #72 TOMRDS HUVAN MELANOVA CELLS: EFFECT OF BACTERI AL POPULATI ON
DENSI TY+ OptWe@ a/4028nsi ty: Sal nonellal/10[err] nel anonma [PGTESIHYI0y
ratio: (600nM Cl one #72 Wld type (Cone 72:wild type)

0. 200 - 0- o ~Ro—ri-eeti ity —15—-0-—3060

9.0 x 10[err] -0- - (infinite) TABLE #®0 5.0 x 10[err]

- 0- (infThiIT€el_ .. 0. 500 I 5 X I0lerr] 5. 0X I0[err]

90:1 , 0.600 ANTIBOTIG SENSEFMITY 3 7 x 10[err] 32:1 20 0.70Q

2.3 x 106 2.5x 10[err] 9: 1 wiid £00 3. Zidnet9berrl 5.6 X
10[ err] 6:1 0. 900 3. 6%} 7. 3X - 5:1

+Resul t,s represendmpigifinges of dupli &te experinents. V& iations between
duplicates 25 wer % The results nonstrate that

I nfectivity of bo?ﬁfom}%é’@?eri al st r% ns was highly depcegﬁdent on bacteri al
popul ati on densi t Ceftazidimé o i nfecti oi$, however, clone #& was

Cefuroxime S S
10 Gentamicin S
Mezlocillin S S
Cefazolin S S
Ciprofloxacin S S
15 Unasyn S S
Ceftriaxone S S
TMP/SMX S s
20 11.2. SENSITIVITY TESTED IN VIVO

Susceptibility of Salmonella typhimurium clone 72
to antibiotics was further tested by injecting mice i.p. with
bacteria, treating half of the mice with the antibiotic
enrofloxacin, and observing the effects of enrofloxacin, an

25 active analog of ciprofloxacin, on the survival of the mice.

Six week old C57Bé female mice were inoculated i.p.
with 10° cfu Salmonella typhimurium clone 72. After four days
following inoculation with bacteria, three of the mice were
further inoculated i.p. with 100ug/0.1 ml BAYTRIL™

30 {(enrofloxacin), and their drinking water was supplemented
with 25ug/ml BAYTRIL™. After 4 days, all the mice were given
fresh drinking water without BAYTRIL™. After a total of 21
. days, all surviving mice were euthanized and the experiment
was terminated. The results are shown below in Table 13(A).
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30 proportionately nore infective than the wild type strain at | ow

popul ati on densities. The results shown in Tables 5 and 6
were al so confirmed by phase and |ight mcroscopy which reveal ed super-
infectivity of a 10x nel anoma-cycl ed popul ati on of Sal nonella 35

t yphi muri um desi gnated "MLO" as shown in Figures 2 and 3. It was al so
found that wild type strain 14028 and cl one 72 I nfected hunman M2

mel anoma cel | s ed%lfg?ﬁwz%l | when grown PCT/US96/10250

61 - under anaerobic conditions prior to infection. However,

when the strains_are grown under aergbic condifions _straln 14028 __was

strongly suppressed in infectivity, whereagagLenMes(AL remai ned i nduced.
Thus, clone 72 was— E ' ' '
conditions and superinfective cogared to wld type under aerobic growth

condi tions. SURVIVAL OF Q57 QUEDSWIFHSAAMONEELA TYPHAW) M
FOR CLONERQCERBAFTRIL® (ewioffoxachal INTRRINKING, H.QUPER-
| NFECTI }]/E CLONES#72 10 Super-infective Sal nonella typhimurium
cl one #72 i solated.Tn Section 7.3 S conpared . to Lhe non-nutageni zed
wild type strain #M@Q‘:ﬂ%r rel ative i&%&%ﬁ%@ﬁ?'?s MR mel anona
cells, normal human nel angcytes, colon cancer cells and normal col on
epi thel i um The reRYuPRUbIGHE shown in Tabl e 15973 %5 days :
enrofioxacin ’ >21 days
10 (days 4-10

post-inocuium)

Mice receiving bacteria only and no antibiotic died

15 after an average of 9 days following inoculation. Mice
receiving bacteria followed by antibiotic treatment survived
at least 21 days and showed no symptoms of Salmonella
toxicity when the experiment was terminated. Thus, the
results clearly demonstrate that mice can be rescued from

20 Salmonella-mediated death by treatment with the antibiotic
enrofloxacin. These results are consistent with those
presented in Table 13 demonstrating antibiotic sensitivity of
Salmonella typhimurium strains 14028 and clone 72 by the Disc
Diffusion Susceptibility Technique.

25 The results further underscore the advantage of
using antibiotic-sensitive bacteria as vectors in human tumor
therapy, since the bacteria can be eliminated by introduction

of antibiotics when desired.

12. EXAMPLE: ENHANCED EXPRESSION OF BACTERIAL PROMOTERS
30 IN MEL L

In a preferred embodiment of the present invention
an isolated super-infective vector, such as Salmonella
typhimurium clone 72°*? which carries the HSV TK gene, the

gene is specifically induced in cancerous target cells as
35 opposed to normal cells in the host body. It has been shown
that there is a higher relative induction of several
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Salmonella promoter genes, including pagB and pagC, (Miller
et al., 1989, Proc. Natl. Acad. Sci. USA 86:5054-5058;
Miller et al., 1992, Infect. Immun. 60:3763-3770; Alpuche
Aranda et al., 1992, Proc. Natl, Acad. Sci. USA 89:10079-
10083) when the bacteria invade macrophages as opposed to
epithelial cells. In order tc test whether these promoters
are also activated when Salmonella invade melanoma cells, we
used Salmonella-bearing promoter constructs fused to the §-
galactosidase reporter gene.

Human melanoma M2 cells, {Cunningham et al, 1992,
Science, 255:325-327) human epithelial 1790 cells and mouse
macrophage cell line J774 cells (American Type Culture
Collection) were seeded at a density of 1 x 10° host cells in
25 cm® Corning tissue culture flasks. The cells were infected
with 5 x 10’ Salmonella typhimurium #14028/ml DMEM culture
medium for 1 hour, washed with fresh medium, and further
cultured for 6 hours with 50 ug/ml-gentamicin added to the
culture medium in order to kill the external but not the
internalized Salmonella. The melanoma cells were then
harvested by scraping them from the substratum in isotonic 1
mM EDTA solution. The cells were pelleted, resuspended in
PBS and an aliquot was removed for quantitation of the
bacteria found within the melanoma cellg. The remainder of
the melanoma cells were assayed for B-galactosidase activity.

Three Salmonella typhimurium clones were used: i)
strain 14028 in which B-galactosidase was constitutively
expressed; ii) strain 14028 in which B-galactosidase was
expressed through activation of the pagB promoter; iii)
strain 14028 in which B-galactosidase was expressed through
activation of the pagC promoter. Thus, through measurements
of B-galactosidase activity, analyses of bacterial pagB and
pagC promoter induction in melanoma cells were carried out.
The results are detailed in Table 14.

- 79 -



TABLE 7 TUMOR SPECIFICITY OF WLD TYPE S. TYPH MJRI UM AND SUPER-

| NFECTI VE CLONE #72 TOWARD VARI OQUS NORMAL AND CANCEROUS CELLS IN
CULTURE+ 5 Ani mal I nfecting Sal nonel | al

10[err] animal cells Cell Line wild type (ratio) Cl one #72
(ratio) nor mal 1.2 + 0.7x10[err] 2.7 0.4x10[err]

nmel anocyte 10 (foreskin, human) M2 human 2.5 0.6x10[err]
(2.1) 1.7 1WD9EPsBr] (6.3) mel anoma 15 nor mal coPEHUS9630280

0. 8x10[ err] 5.2 3.0x10[err] epi thelium (1790, hunan)

col on cancer 3.0 2-OxI0{erri— (4-6) 9. 53, UXIO[ err] (T-38) (HTB
39, 20 human) "normal " - 1.8 1TABLB[14r ] 5.5

1. 4x10[ err] fi e

0.6x10[err] (1.3) ﬁgwﬁ% Eﬁ&g{fﬁcr oﬁﬁg@qeg g’???':quc IN
nouse) +Res4 A= val-vs S5 -p-cate—nfecti-ons—a
cancer cell: norgal count er par tPré@bter-induced Activity: Corfstitiite Kctivite t wo
bacterial strains qowed I nvasi on reference for human cancer cells over
normal cells. C oréL—Et' Ling7> was super - ctive in all caB€¥=when conpared

to the Wil d typRinkdd apithetialur t her , 1 @:.pne #72 showed azg.gnificantly
hi gher degree of invasion specificity for human nel anona 1 cells over

nor mal nel anocyt ednewmtransformedi t ype2Htain did.
macrophage

10 hyman melanoma 3.8:1 31:1

‘relative activation of pagB and pagC was assessed through expression of
promoter-inducible §-galactesidase activity.

Both the pagB and pagC Salmonella promoters were
15 induced in human melanoma cells. Levels of induction in
melanoma cells were greater than seen in either the
epithelial or macrophage cell lines. These data demonstrate
that the pagB or pagC promoter could be used to express
genes, such as HSV TK or E. coli cytogine deaminase, in a
20 melanoma cell-specific manner.

13. EXAMPLE: CLONING AND EXPRESSION OF PRODRUG
CONVERTING ENZYMES

The following sections demonstrate useful systems

25 for expression of prodrug-converting enzymes useful for the
methods and compositions of the present invention.

13.1. CLONING AND EXPRESSION OF HERPES SIMPLEX
VIRUS THYMIDINE KINASE IN SALMONELLA
TYPHIMURIUM
30 Herpes simplex thymidine kinase (HSV TK) is known

to be an effective pro-drug converting enzyme in the
inhibition of melanoma tumor growth (Bonnekoh et al., 1995,
J. Invest. Derm. 104:313-317). Accordingly, procedures were
carried out to insert an HSV TK gene with the B-lactamase

35 signal sequence into both Salmonella typhimurium wild type
strain 14028 and super-infective tumor-specific mutant clone
72 which is derived from the wild type strain.
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- 63 - 7.5. INFECTIVITY OF SALMONELLA TYPH MJURI UM

W LD TYPE STRAI N 14028 AND SUPERI NFECTI VE CLONE 72
TOMRD VARI OUS HUVAN CARCI NOVAS | N CULTURE I n anot her series
of experinments, the relative infectivities of clone 72 and wild type
strain 14028, toward 5 a variety of human carci nomas grow ng in cul ture,
was determ ned. The experinental protocol used is described in

Section 7.2. ResWO%M4@3& presented in Table 7(A). 10 PCT/US96/10250
TABLE 7(A) | NFECTI VI TY OF SALMONELLA TYPH MURI UM W LD TYPE AND
SUPERI NFECTI VE CLONE F3rpe¥MARRpIAR OhigmidiMaN CARE NAIMASnENoy PCR

%J'I[_;I'(L)JRE i Plasn]u.d %ﬁb\lmg %alv{aégéze rprl- ’Ilgim?gaxca%ins e%5?£ 140
Cel I Line Pr|rn#%ﬁlvuﬁ§PC14NE§§ Acad. Sgi. USA 78:815-819)2was preppred by
mel anona 4 Oa“ﬁeaa.mel@f(ﬁé,] phénaiﬁc@dtokgkﬂréitrahhén and HBRA01

| ung re 1 % glrr] g: ri %OLgdhst}xe co 1 HIBL 8?’en I ung
1.0+0. 3 x 10[er?]p f piga 100 F‘rf’ 'ﬁeﬁs o P Feduence
2.1+0. 7 x 10[ er r|forl theoHerres G{isdpx Ehymidine AGingase (McKnmlwg, 1980, Nuc.
3.7+5.6x 10[err] a4dredd. BXsddd&ygsh) hérd: forklkd QA prostate
2.3%0.4 x 10[ err ] o lfi&Bafadorictalbecfide-3+ (sEQ 1D NO:1) and reverse 5'-
CTRGATGCATCAGTGGCTATGGCAGGGC-3/, (SEQ ID NO:2) which
10 corresponds to bases 310-328 (forward) and 1684-1701
{(reverse) of the published sequence, with an added sequence
of GATCATGCAT (portion of SEQ ID NO:1) or CTAGATGCAT (portion
of SEQ ID NO:2) (Nsil site and spacer) at the S'end of each
primer. Bach reaction mixture contained 50 ng DNA template,
15 10 pmoles of each primer, 100 mM deoxynucleotide
triphosphates, 1.5 mM Mg** and 0.5 units Tag polymerase
(Perkin Elmer Cetus, Norwalk, CT). Amplification was
performed by 35 cycles of 94°C for 1 minute; 50°C for 15
seconds; 55°C for 1 minute; and 72°C for 2 minutes. The
20 amplified DNA was purified and was cloned into either
pBluescript II KS+ and sequenced with T3 and T7 primers to
confirm the correct DNA had been cloned or was cloned into
p279 cut with Pstl which provides the f-lactamase signal
seqguence (Talmadge et al., 1980, Proc. Natl. Acad. Sci. USA
25 77:3369-3373). Transformants were screened using a probe
generated from the original template by random priming
(Boehringer Mannheim, Indianapolis, IN) using [a-*?P]1dCTP.
Pogitive clones were further screened by immunoblot.
SDS-PAGE and Immuncblot
30 Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was performed on bacterial lysates
according to Weber and Osbom, 1975, Proteins and sodium
’ dodecyl sulfate: Molecular mase determination on
polyacrylamide gels and related procedures. 1In: H. Neurath
35 and R. Hill (eds) The Proteins, Third Edition, veol. 1,
Academic Press, New York pp. 179-223, Immunoblots were
performed according to Towbin et al., 1979, Proc. Natl. Acad.
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25 CRL1611 ki dney 3.2+1.2 x 10[err] 1.8+0.3 x 10[err] 6:1

HTB52 liver 1.8+0.3x 10[err] 2.6+0-.8x 10[err] 1.4:1

MCF7 br east 7.342.6 x 10[err] 3.6+0.9 x 10[err] 5:1
Results represent averages SD for n=3-9 separate infections. 30

Both the wild type strain 14028 and cl one #72 were able to infect each
of the human cancer cells tested in culture. In all cases, clone 72 was
superinfective coXPa#¥P8 to the wild type strain. PCT/USRRSRRS)er |,

human lung line HTB57 was significantly 35 |l ess receptive to Sal nonell a

T yphi muri umhi nf eclgicyi, t sAWRIN 2350CIDAT ebrligadf Bt iCARCRAL CIBbdidd ReFet €St ed.
n yet anot her

. . - 64
series of experlngﬁPSra%H%‘ﬁﬁﬁﬁﬁtlung %qqged#ﬁﬁﬁﬁp gecondaf rﬁpﬁ% "REeT
mce. In 10 of 10aptihedigs eerappikekine)iphipsphatase EGP@P*F?"—WBB’FOE‘QBPS no

tumor "takes" werga@bseh)yaft) @vea aétL£ri:v,sseveiBlcidant bslldthat yr or not

these cells were receptive aInD I e romn unor s
was not determi %e&.lgrgﬁiu delradorf (1@5')8&5@8'? EIN°‘“° "ERLGES d?ﬁ%’&m’rary,
the resul ts denponghpapbatee(BCIP) omphrgnmetra): fleteattion {frohed®) t yphi nuri um

I s dependent upon popurElhi nkOkSERSE (A the bacteria and b)
Thoreased  infectivi fyé %of i%eg' Ehal bR E-d 4 et BE, B Sfhdelog 3 m
densities and espedi abpypkasd bacpepightdudfugdentor i30s sgagnds at &, §00cx g
growt h conditi Qs .inThemdidtige bentPf{Msde.at TheWellet and supernatant were
retained separately and the supernatant was further cleared
by centrifugation for 10 min at 12,000 x g. The pellet was
further treated by resuspension in 100 pl of phosphate
buffered saline containing 1 mg/ml lysozyme and 1% (v/v)

15 Triton X-100 and subjected to three cycles of rapid freezing
and thawing. The resulting material was clarified by
centrifugation at 12,000 x g for 2 minutes. Thymidine kinase
activity was assayed using a modified version of the assay
described by Summers and Summers, 1977, J. Virol. 24:314-318.

20 The reaction mix was incubated at 37°C for 1 hour and then
bound to DE81 paper (Whatman), washed, and the associated
radioactivity determined in a gamma counter.

Salmonella trangformation
Transformation of Salmonella strains was performed

25 by electroporation as described by 0’Callaghan and Charbit,
1580, Mol. Gen. Genet. 223:156-158. Plasmids transfected
into Salmonella included pHETK2 (Garapin et al., 1981, Proc.
Natl. Acad. Sci. USA 78:815-819) p279 (Talmadge et al., 1980,
Proc. Natl. Acad. Sci. USA 77:3369-3373) and two independent

30 isolates of B-lactamase fusions, p5-3 and p21lA-2 (See Figure
4-C for a diagram of p5-3 and p21lA-2 where these plasmids are
designated "pTK Sec 1.". Salmonella typhimurium strains
transfected were the wild type 14028 and the super-infective
clone 72.

35 Two independent B-lactamase-TK gene fusion
constructs were isolated and expressed in Salmonella
typhimurium 14028 wild type and clone 72. An immunoblot
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15 bacterial population densities is an advantage in the use of cl one

#72 as a tunor-specific vector, since it would allow for a lower c.f.u.
of bacteria inoculated into the cancer patient, thus reducing the risk
of septic shock in the patient. Additionally, the results denonstrate
met hods for 20 the isolation of super-infective, tunor-specific nutants of
S. typhimurium _ Such putants are represented by cl ones #6, #70, #71 and
#72 that were | RMW4Bvi a enri chnent pr ocedur es for mel aRGHHs96/10250
infectivity by the bacteria. The results further denonstrate that wld

type S. typhi nmur poalysds Bnds coBregreniding eyzyms ACYAMBLY ARSGY 88B|s over
normal hunan cel pgeséhted qtzhl FugeredUnl BRE, 48 t PAUIRKELO MEX - ?:%n‘ﬁ@&ni)ﬂig ginally

sel ect ed for ri nf | owar I , it
was additionally Fg ’to éé%l}‘afsﬁ‘\‘lgée'l%ee‘f%vvasrs& hg%ﬁ&l alnco on'\%'ancer
cells and transf éﬁﬁ’é@tﬂmﬁsmeﬁmﬁﬂgegd pRER- 30 wesapdetartadlehkbywi | d type

strain 14028 (seemfﬁamﬁ&) anahenzymeeélgé%s' Ot 10ft 1%4R9T 1itHIeCehyihy and
sol at ed ones . resent at

tunor-specificit mut atio of t he
bacterin - and BPELEHY i PROTVRRARTRTEn GriEe S Rarathe . Simd
Sal nonel | a cl oneghasmlmmblgpeenﬂ}csweehgws preadssidgagfhddies s3gnahd t her apy

of human cancer.:ge uence, secretion into the RAlelasmlc &ce of the

8. EXAMPLE: SELECTI ON FOR SALNONELLA, TYPH MURI UM MUTANTS W TH
CHEMOTACTI C ABI LPFHES REPRET AN 1S expecte SECRETORY PRODUCTS I N
VI TRO 1o The nel anoma cells were an artificially-produced

13.2. SYSTEMS FOR EXPRESSION OF HERPES SIMPLEX
THYMIDINE KINASE USING VARIOUS PROMOTERS

AND SECRETION SIGNALS

A number of constructs were made to express TK

1siﬁsing other promoters and other secretion signals.
13.2.1. EXPRESSION AS A STAPHYLOCOCCUS PROTEIN A
FUSION UNDER THE LACI PROMOTER
Herpes simplex thymidine kinase was amplified by
$%CR as described in Section 13.1 above and cloned into the
2h€%st1 site of pBluescript. This TK clone was subcloned from
A%luesdript to the BamHI and HindIII cite of the secretion
‘Vector pEZZ18 (Promega, Madison, WI; Nilsson and Abrahamsen,
=_;;:1;99'0,L‘ﬁle\:hods in Enzymology 185:144-161). This resulted in
?mn in-frame fusion with Staphylococcus protein A under the
25 lacl promoter. This plasmid was designated pTK-Sec2 and is
‘Uiagrdmed in Figure 4-C. Plasmid pTK-Sec2 expresses
%ﬁhymiﬁaine kinase as determined by an immunoblot.

13,2.2. CLONING OF THE SERRATIA MARCESENS
CHITINASE SIGNAL SEQUENCE AND PROMOTER

The promoter and signal sequence of Serratia
‘“marcesens chitinase I (Jones et al., 1986, EMBO J. 5:467-473)
‘was cloned by PCR. The forward and reverse primers had the
N following sequence: CTAGACTAGTTTGTCAATAATGACAACACCC (forward)

(SEQ ID NO:3) and GATCGGATCCTTGCCCGGCGCGGCGGCCTG (reverse)

- 35 {SEQ ID NO:4) which contain Spel and BamHI sites,
respectively. The resulting product was cloned into pSP72

30
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hybrid line isolated froma pol yet hyl ene glycol induced 5 fusion between

Cl oudman S91 nouse nel anonma cells and peritoneal macrophages froma

DBA/ 2J nouse. The hybrid cell | ine used herein was terned Cl oudnman S91

mel anoma/ macr ophage hybrid #48. The hybrid cell line fornmed rapidly

gr ow ng met astasi zing tunors in DBA/2J mce, Pawel ek et al., 1995, J. 10

I nvest. Dermatol. 104:605. 5 x 10[err] C oudnan S91 nmel anona/ macroghage

hybrid #48 cel | sSWRS6M4983%| tured at 30[err]Cin a gassed, huRFHIIPEEYS

i ncubator in 75cnferr] culture flasks in DMEM FBS cul ture medi um

contai ning 10% f eird domfireedeby MMM cGequen@imt i IThasi phasnGenvael dédaplesed

cont ai ni ng DVEM FBS; | 15, mere d.ncubated in parallel.
{?ﬁ% F]Eeﬁrneﬁg.ld %”2196‘%[1%9‘5%&? ﬂ@ﬂggﬁ-@ bt

After 72 hours, a were reno asepti y filtered through

0.45[err] filters, and stored at 4[err]C. SII I
t yphi muri um super-infecti vé3cfone # REg ?@%ﬁ@ %5?
mut agenesi s vm'tg 20 ni trosoguani di n R%ﬁé.r . e nutagenesi s procedures
pr oduced an increase in _the nunp ar| ) 1 i ar
to that shown earlier whenHeKBes $irnleKetBYRidineskipage s PBLURBERERNWASd.
Thi s nmut ageni zed geptlldiddAn@d €he®SPLRHT védtbiZuetny " Bantels ahdr Hhedrirsed to
select for mutant i LL&ARANEE R LREIRL Al BRI LES dW3RdsdTl AR
cell secretory pro Uet S, i.e., neq.ar]ona-con "t 'oned culture nedi a.
Procedures for | oSeHyRPSapnbrar Yhe idsinpse rronotent i aThkhalsenid|was
ﬁ/lttrag_t alnts \sto?mg'liﬂa&@df bQK}-é‘éﬂ::EFand (téflémo d&&?g&gr_ndc_i {erFagake 4-c.
crobi ol ogy e . a - c . [
descri bed above, g\%afse id %q%téggaai%ﬁ%ﬁ%r%#ﬁgriﬁiéﬁ%ﬁgﬁ aﬁﬁ%{%b@
Dr unmond Sci end figmuoebllofs descri bed by Adler. The capillaries were
handl ed with forceps. One end was sealed in a flane; the capillary was

then qui ckly passed several ,tines t f ' hat
pl unged open end down intollg'io m cﬁgﬁgﬁg&;ﬁ?gxg%mn%&gﬁggkug
mel anonma condi #Poned EXOGENOUSLY INDUCIBLE BHOMOTER

The sulA promoter element (GENBANK #V00358; Cole
1983) was cloned from E. coli genomic DNA by PCR using
forward (CTAGAAGCTTATAAGGGTTGATCTTTGTTGTC) (SEQ ID NO:5) and
reverse (GTACGATATCCAGAACGATGTGCATAGCCTG) (SEQ ID NO:6)
primers which incorporate the HindIII and EcoRV restriction
sites respectively. The PCR conditions were 35 cycles of
95°C, 1 minute; 55°C 1 minute; and 72°C for 1 minute. The
product was cloned into pSP72 and sequenced with the T7
primer to confirm that the correct DNA had been obtained.
The cloned DNA fragment was 100% identical to the published
sequence.

20

25

The NADPE-dependent cytochrome p450 oxidoreductase
(p450 OR) cDNA clone in the EcoRI site of pBluescript that
lacks the first initiating ATG (deletion of the first 11
nucleotides) of the cDNA described by Yamano et al., 1989,
Molecular Pharmacol. 35:83-88, was fused with the sulA
promoter and initiating sequence by cloning the sulA promoter
obtained as described above into the HindIII and EcoRV site
of the p450 oxidoreductase gene. The resulting fusion
consists of the sulA promoter, including the sulad ATG
(methionine) and subsequent 9 amino acids (YTSGYAHRS) (SEQ ID

30

35
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culture nmedium As the capillary cooled (about 10 m nutes), i quid was

drawn in about 1 cm Sal monel | a typhi nurium grow ng at
37[err]Cin LB were col l ected by centrifugation and resuspended in
control 5 DVMEM FBS cul ture nmedi um contai ning a concentration of 108
c.f.u./m. Aliquots (200 [err]l, 2 x 10[err] c.f.u.) were pipetted into
1.5 mM mcrofuge tubes. Loaded capillary tubes (descri bed _above) were

then inserted of¥P%&F8down into the Beckman ni crof uge t uBEYVEUAPZP ni ng
the Sal nonella 10 typhimurium and the assay was begun by incubating at
37[err] C Af t eNO3D) tas 6@1Ai nat 8tx amimocapids abjichubeblowiatreduced fxomh
forCﬂOS the sealtaa mg dmenﬁéﬁk&m @®lck Mlx‘lﬁ'eﬂﬂ r(gcmti:ﬁresxato I@nﬂomte
capillaries mere ns onkca ubes, cont ai ni ng
3 m LB broth. ‘ﬁﬁ'&??’ %g 1%6?%’5’551{“%3‘3 Cplélr °? B% %%daﬁ'?‘llf:ary tc’ﬁbes
were cevered wi t ﬁ‘hEB congtauigt NpSP RAD4-6 assmaesrqmaﬂt in Figuxrer écBvery of

t he bacteriasgia the centrifugation step descri bed as foI | ows. The
capillaries within the ceﬁérl fuge t {gbged (1000x g
for 4 minutes) to force t Bacteri \gb dﬁeinoggt’?
bacteria were resuspended by vort s wer e sprea on%uo LB
agar plates for quantltatlon %g |can increasa N _the nygnber_of
bacteria entering the capilft B ke REEVAPHEL vrefthoWBndSh1b% Graati onkP Hredi a
conpared to cont Nekurtemi3:1066d10%T ah2dt sode cttredna cfidmudtactiacaresponse
of the bacteril® L@ gpl AROY- 10w ORI of RIBOMRIS.  Therefore, rofbbfifles Of

nmut ageni zed super-l nfect]ve  Sal ell }g)hl nurium " 7’6{) g scri bed
above were placedP§nsersifdyity o taSBF[eé:tlrf]‘E HSFal oS EFR Ih MR @B nsity of
0.4-0.6 at a 30 wavhbemngiHe el11800mH0 zmdeprgamm@dpnasmm tee ol 2zwing

procedures descrighgd - ahae walhgeff@fmdam §£CYd 'c‘&ﬁs?’f@@@dig Gunch@snd£peat ed
4 times through s ccessive chall en%as W_t h nel anona- co diti oneggcul ture

medi um The pg | BRERRcsi REdthe R Ok g50t &S \ﬁé?eﬁ"ees FaEF AT 2 % r ] .
After the 4th %ahcngaséﬂs agtigabien aif micomyxid nesplt dbg oirs decrbasedri a

were frozen in growth of the bacteria. The sulA::p450 OR expression plasmid
used in this experiment is similar to pSP-SAD4-5 (Section

13.3}) except that it is in a pBluescript (pBS) backbone and

has the B-galactosidase transcription unit. This construct
20 ;9 also diagramed in Figure 4-D. The pBS plasmid, with and
without the expression construct, was transfected into
Escherichia coli DHSa by electroporation and clones
containing the correct plasmids were obtained and confirmed
by plasmid isolation and DNA restriction analysis. For each
25 of the two plasmid-bearing strains, a fresh, 4 hr (late log)
culture wag diluted 1:100 into LB with 100 pg/ml ampicillin
to select for the presence of the plasmid and grown at 37°C
at 250 rpms. Mitomycin C was added to the cultures in
amounts of 0.0, 0.1 and 0.5 pg per ml.

Optical density was determined at 600 nm using a

Perkin Elmer double beam spectrophotometer at 2 and 18 hour

time points. The results are presented in Table 14 (A).

30

38
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gl ycerol. Additional aliquots of the m xed popul ati on of Sal nonel | a

t yphi muri um obtai ned fromthe fourth cycling were

- 67 - t hen conpared to an uncycl ed m xed popul ati on of

mut ageni zed clone 72 ("72[err]") for relative chenotactic abilities

t owar d control and nel anoma-conditioned culture nedium The results
are shown in Table 8. 5 TABLE 8

EVI DENCE FOR POSW®96B0288HEMOTACTI C RESPONSES OF S. TYPHI MURI UMPCT/US9§/19250
CONDI TI ONED GROMH MEDI UM OF CULTURED MELANOVA CELLS+ 10 Sal nonel | a
Bacterial/ Capillary Tube: Strain TABLEC@AAr ol Medi um Condi ti oned
Medi um Rati o: #72[ err] 1.2x10[err] 0.2 4.4x10[err] 2.7

3.7:1 (mut agengﬁ@@vm OF BRCFERIALNGULTURES ¢ ErﬁErF}RESENCE Or MMy EiN cO- 1
1.8x10[err] 0.4 mitageni ze cycle +Resul'Ts
represent average S. D for guadruplicate capl | lary tubes. Bot h

popul ati ons of bacteria tested showed posi OD¢g t= 2dimamepast drtigr esponses to

mel anonma- condi tToned cul ture nmedi um Amount of Mitomycin C (ug/ml) added

Plasmid 0 0.1 0.5

pBS 0.052 0.050 0.053

sulA::p450 OR  0.037 0.030 0.024
10

ODgg t= 18 hours post drug
Mitomycin C (ug/mi} added

Plasmid 0 0.1 0.5
15 pBS 2.33 2.23 1.93

sulA:pdS0 OR  2.26 0.34 0.071

Comparison of the growth of the E. coli strain DHS5«¢
containing pBS and sullA::p450 OR in the absence of drug at
the 2 and 18 hour time points shows that the presence of the
construct partially inhibits the rate of growth but does not

20

inhibit attaining a high final OD at 18 hours. These data
also show that bacteria carrying the pBS backbone plasmid
~ alone are only partially inhibited at the higher mitomycin

25 concentration. However, those carrying the sulA::p450
construct show significant inhibition at both early and late
time points at both mitomycin concentrations. These data
indicate a strong dose response to mitomycin conferred by the
30 pregence of the gula::p450 construct.

13.5. EXPRESSION OF CYTOSINE DEAMINASE IN
SALMONELLA TYPHIMURIUM

E. coli cytosine deaminase {CD) has been shown to

be an effective prodrug-converting enzyme useful for gene

35 therapy (Hirschowitz et al., 1995, Human Gene Therapy 6:1055-
1063; Huber et al., 1993, Cancer Res. 53:4619-4626; Huber et
al., 1994, Proc. Natl. Acad. Sci. USA 21:8302-8306; Moolten,
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over control-conditioned nedium displaying an approxinate 4:1
preference for the nel anoma-conditioned nedium Although 25 the chenotactic
response of popul ation #72 [err] was not statistically significant as
conpared to the chenotactic response of popul ation #72[err] for nel anona
condi tioned nedi um the chenotactic response of popul ation #72 [err] was
significantly reduced as conpared to the chenpbtactic response 30

popul ati on #72] é’Y??"‘P%?P control nedium Thus, the propensity PCT/U&G"MSO

popul ation #72[err] to enter capillary tubes containing control nedium
was significant| y9pédRengerTlese Thewl t1s279-2ARygdékil lenaet popul 48P3n Proc.

#72[err] is lessnatii Ayd. 'S@:im)ltJSA'éQ’ 33 3§erbﬂ.{l@|e|nyethQJ!\/eVle994UpQ§1néE§POSWe

to nel anona- condl ti on%j %%gnggegm? np8 u?g{] ﬁﬁ%%er{:lmggro gh&g&)& actic

response equi V&Fen
- 68 - 4812). CD functiggsithw eonverting tdei sas-toria e different

chenmot acti c ph@@hﬁ@?@cﬁ?&i@&%ﬁ@d iﬁm tch;e tsﬁzZmElrd c%ﬂ@oﬂ@[@fﬂ’ﬂuorouracn.l
popul ati ons of b resul ts hat, t he

ia i
phenot ypes can bgg ? kre a\}i‘"gnfﬁéa ‘?s&,etslsoﬁn %‘%93888&% of °é‘€?f{8§r o
bacteria to succespressisgimlilsengbsbolitergepressed difgsti and @ Asgioyan] 11982,

likely that the i xggotd¥aRnl.abhons: - m@gem wexgaeapi&pwe%bkyu% ed
bacteri a i sol bed I n . these e ive

it ant s expr esei B FRRSELATE LY A AN A SHRSTBE PREPRET (e BPHRTS o
response to nellasspressidn ofn@Pt vbnwih ugipusnwas cloned ag desgxAkPdfbelow.

| SOLATI ON OF TUMDR- SREGHElG MAMES-Fsion of cp

PCR primers based on the complete sequence for E.
coli cytosine deaminase (Huber et al., 1993, Cancer Res.
53:4619-4629) were forward: 5’'-GATCATGCATGTGGAGGCTAACAGT-3'

15 (SEQ ID NO:9) and reverse: 5'-CTAGATGCATCAGACAGCCGCTGCGAAGGC-
3' (SEQ ID NO:10}, corresponding to the published sequence,
with the added sequence GATCATGCAT {portion of SEQ ID NO:9)
or CTAGATGCAT (portion of SEQ ID NO:10) which is a Nsil site
and spacer at the 5' end of each primer. Each 25 pul reaction

20 mixture contained 50 ng DNA template, 10 pmoles of each
primer, 100 mM deoxynucleotide triphosphates, 1.5 mM Mg and
0.5 units Taq polymerase (Perkin Elmer Cetus, Norwalk, CT).
Amplification was performed by 35 cycles of 94°C for 1
minute; 50°C for 15 seconds; 55°C for 1 minute; and 72°C for

25 2 minutes. The amplified DNA was purified on an agarose gel
and the band of correct size was cloned into 1) pBluescript
IT KS+ and sequenced with T3 and T7 primers to confirm the
correct DNA had been cloned and 2) p279 cut with Pstl which
provides the f-lactamase signal sequence and the constitutive

30 B-lactamase promoter. This second construct was designated
pCD-Secl and is diagramed in Figure 4-E. Transformants were
screened using a [e-??P)dCTP-labeled oligonucleotide probe.

. Pogitive clones were further screened by immunoblot using

' anti-CD antibodies described below.

R 35 Pri i ies ¢ tosine Deaminase

: CD was subcloned from pBluescript into pGEX I and

expressed using IPTG. The expressed protein was found to be
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SALMONELLA TYPH MURI UM BY CYCLING IN VIVO I N TUMOR- BEARI NG

M CE Tunor cells inoculated into DBA/2J mce from 15 C oudman
S91 nel anoma/ macr ophage hybrid cell |ine #48 were used as the target
tunmor for the selection of attenuated, tunor-specific Sal nonell a

typhi murium Super-infective Sal nonel I a typhi nurium cl one #72 was

mut ageni zed with ni tr osoguani dine and UVB as described in Section 7.1 20
produci ng a nut aYEH%¥38 popul ati on derived from clone #72. PGTH{ES96/10250

nmut agenesi s procedures produced an increase in the nunber of nutations
in clone #72 si m jzgolubliehand grraensadhi dncidadion bodiws wi ICP-gpeathieriers-
#14028 was nut agepyzfifferGsUISEN  fusTBhap AR iR Gk S DG R0 Eir-8m g LRl ilo
wer e inocul at ed (gcg% 51 nt.o, DBA/ 2% n%ce/at a_congentration gf %%[?S@r]
cells in 0.1 m POEHS P& FATRAG IR Ot F VAN T3 tPBt AT 0% FeBFELey in
t he shoul der ares\fspemkdedein BRS-PAGEesaplie) hudfsr. pdlhsablaseriabrwas

devel oped, and Bhﬁﬁﬂﬁﬁ:e‘&ﬂ:ﬁ 4 "D Gl %&%Bafétﬁre) 1\6f%t?qiﬁﬁ:ry1aﬁ%ég§é‘i Z6h
infective clone #72. After 2

Sal nonel | a popul ation deriyved from.,Super- 30, .,
hours of infecti o??,‘c’tsr?% REERT Vl%@rlézgﬁé?’i‘f‘flcté’(j?mtﬂ‘étatwg arghavefit 4°C-
wei ghed, and honoflesmipedfed bands twefreohohogeygereidzend i injecreld (vpl /imto LB
broth. An al i %ﬁz;ﬂﬁh%h&%@es%&gﬁi&@ dakytad a‘?ﬁoghcé«héléﬂe LBay
broth, placed on a rotator at 37 err]lsC, %)Ig |ncugat ed thrbg_llégh 1-2 35

popul ati on doubl i Hys, 2ENIAPE- b&éﬁﬁ’fi oFEEFS  thEDPEFT | e TS, efnd TR ensure
t he recovery otovakiilitybact ehe ssefram suctesdiese to bind to cloned CD

- 69 - nfilin{éacHga#nm}%ylggo tunor-bearing mce. The procedure

Q. . . :
was r epeat ed t%rou%h 4 cycles of infection into mice, followed by
DS-PAGE and Immunoblo :

8$DS-polyacrylamide gel electrophoresis (SDS-PAGE)

was performed on bacterial lysates according to Weber and
15 Osbom, 1975, Proteins and sodium dodecyl sulfate: Molecular
mass determination on polyacrylamide gels and related
procedures. In:H. Neurath and R. Hill (eds) The Proteins,
Third Ed., Vol. I, Academic Press, New York, pp. 179-223.
Immunoblots were performed according to Towbin et al., 1979,
20 Proc. Natl. Acad. Sci. USA 76:4350-4354, Primary anti-CD
antibodies described above were generally used at a 1:500
dilution. Secondary anti-mouse antibodies were alkaline
phosphatase-conjugates (Promega, Madison, WI) used at a
1:7,500 dilution, followed by nitroblue tetrazolium (NBT) and
25 5-bromo-4-chloro-indolyl phosphate (BCIP) colorimetric
detection (Promega, Madison, WI).
CD Enzyme Assay
Bacterial lysates were prepared by pelleting 50 ml
of overnight bacterial culture at 3000x g for 10 minutes and
30 resuspending them in 2.5 ml of PBS. The cells were sonicated
and the debris removed by pelleting in a microfuge at 12,000x
g for 10 minutes. The enzyme assay performed was modified
from Mullen et al., 1992, Proc. Natl. Acad. Sci. USA:89:33-
37. 10 pl of cell extract was incubated with 1 pl ([H’]-SFC (1
35 uCI/ul) a 37°C. 1 pl was spotted on a Kodak 13254
microcrystalline nitrocellulose TLC plate, Eastman Kodak,
Rochester New York, and separated using 95:5 Butanol:water
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recovery fromtunors. At the begi nning of each cycle, the nunber of
bacteria inoculated and the tinme of infection was 5 reduced fromthe
previous cycle in order to increase the stringency of selection for
tunor-specific nutants. The resul tant popul ation recovered after 4

cycl es was desi gnat ed #72[err]. The results of this procedure are
detailed in Table 9 bel ow. 10 TABLE 9
SELECTI ON FOR MAQMAVRBSPEC| FI C SALMONELLA TYPH MURI UM I N PCTUSRFLOEBARI NG
M CE 15 Infection Total # Bacteria Infection Total # Bacteria

Cycl e | nocul with/ wilpkeled $FRpand 5FU mrekever eFhienPIapes yere cyt

1x10[err] basédOfipdh sé%a%a&1éﬁﬂdﬁ'ﬁhe marKer lanes and lquk@ftefFtikd

80 mn 1.6 X 10 err 60 mn 1.7 X
10[err] 20 4 Lng ; Eﬁ&ﬁﬁ% ?antlllatlon ﬁ%u?ﬁ 1.4 x 10[err]

| nf ecti.ng Sal nonel | a Sakeoneddiscyransfiomagionparate tunors for each cycle
These results genonstrate ﬁﬂmsfb%@@:tdm@fb@améﬁ@uaa@cbelﬁé w}'ﬁ?@\éefeﬂméd om
tunors .in vivo. ;hes rtelsoulotsta SO edsem) sérat eootéﬁat% gaw VAN g g
results in an en Vcﬁ%c BOSSGTSPRi 8% d855EE°F Sref PRt e |s Fated

t han were i noé8PAas dpl. Gem. Genef 223pXARPLES. PRIESFEfATIERsEected
SALMONELLA TYPHhM;JRl bhimonella were M?'B*bﬂdl\ﬁ;m .CElch®monella

Profiferation of BoAghts ol 1a(ehiRg VAR e ke qcbALAS! ydjasugaan, bot !

amplify the gene ow'dné"t 0 Teduce
the titer of |1r90¥§l7&11éd31323 Y\Sé@tlérwhmm§rﬁeéa§¢h§quqemfr§kl@f86§éapnc1§hock

in the host. Enechol | evdaigisexaamd Rcrd@nRast i@ iiddabusal snnaithas
t yphi muri um prol '(B%ng es in nelanona cells.
- 70 - :
Biodistribution of Salmonella carrying the CD expression
construct
15 Salmonella typhimurium clone ¥S7212 carrying the CD

expression construct pCD-Secl was grown in LB media to an
ODgoe ©f 0.8. An aliquot of 1.0 x 10° bacteria were inoculated
i.p. into C57/B6 wmice which had been implanted with 2 x 10°
B16 melanoma cells 16 days prior to the bacterial infection.

20 At two days post bacterial infection, mice were sacrificed
and tumors and livers assayed for the presence of the
bacteria by homogenization and plating of serial dilutions.

The expressed protein product of pCD-Secl bound to

the anti-Cb anti-serum by immunoblot analysis. When this

25 clone was transferred to the E. coli strain KL498 which lacks
CD, it was found to confer a high degree of enzyme expression
as determined by the conversion of 5FC to 5FU, as shown in
Figure 4-F. Figure 4-F also demonstrates that the cloned CD-
expression plasmid gives higher levels of conversion than the

30 E. coli strain MG1655 which expresses the wild type haploid
cod gene which encodes for endogenous CD.

14. EXAMPLE: PROLIFERATION OF SALMONELLA TYPHIMURIUM
CLONE #7253 IN MELANOMA TUMORS IN MICE

In a similar set of experiments as in Section 10.2,

35
DBA/2J mice (approximately 10 weeks) were inoculated (s.c.)

with 3x10° Cloudman S91 melanoma/macrophage hybrid #48 cells
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10. 1. PROLI FERATI ON W THI N CULTURED HUVAN M2

MELANOVA CELLS It was found that Sal nonella typhinurium
proliferated within human M2 nel anoma cells in culture with 5 doubling
times of about 30 to 60 mnutes as illustrated below. WIld type

Sal nonel | a strain #14028 and super - I nfective clone #72 were separately
I ntroduced into the culture nedia of human M2 nel anoma cells 2 x 10[err]
mel anonma cel | WO%M488rr] tissue culture flask at 10[err] bRET/BIEA9250
c.f.u./m 10 culture nedium After 1 hour, gentamicin (20 [err]g/m) was
added to kill exténnadch mft 4neitéstovemakhe exidivcaedi beftamiioulders ansha

cell's were harvesggghiend %&8&‘3%&:@ paBaBeTDRY- 18 days igdsRr RabLdfst RACHRT | a
at the time poi nts i ndi c results are presente |n Tabl e e'% 15

TABLE 10 PROF qéﬁ &"‘EﬁWELB&i%I% | BhESy LBEFIBECE R
#14028 AND CLONE PBQtWWaCUQHUFEIuHUWMbm MEL ANDVtumor -BEAL Big Rile

Sal monel I a Straknyerd! ml(t%naﬁf* nﬁ&%hhé&é@[ &gl w1t}{:c§,g_okr@rieq,seof S.

g/EI anomg Cil |8)S( 10{:@ murlum c %/7)% contain:.ng the gsg TK ge e4wlth the 8-

1.8x10[err] lactamGse 33gnal sequence which is designated 72°7%8, 4)afi@freer
79X C one #72and 10 days &f bacterialOiffeécti®neWithout antibistic
treatment, representative tumor-bearing animals were
10 sacrificed and their tumors and livers were homogenized and

quantitated for c.f.u. of Salmonella per gram of tissue. In
addition, individual clones of bacteria were isolated from
the liver and tumor homogenates 10 days post-infection and
tested for the genetic markers xyl™¥ (inability to metabolize

15 xylose, characteristic of clone #72) and tet™ (resistance to
the antibiotic tetracycline). The genotype of the inoculated
Salmonella typhimurium clone #725°? was xyl™ and tet™. The
tet™ clones of Salmonella were assumed to carry the HSV TK
gene, since the HSV TK gene was carried on a plasmid that

20 carried the tet™ marker.

The results are presented in Tables 15 and 16.

After 2 days of infection, the tumcrs contained an average of
1.5 x 10° Salmonella/g tumor and 2.0 x 10° Salmonella/g liver,
with an average ratio of tumor:liver of about 7,500:1.

25

30

35
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2 8.0 x 10[err] 1. 4x 4

3.2x10[ err] 5.5x 30 6 1.4x 10[err]
24X +The nunbers represent averages for duplicate and triplicate
determ nations, with the variation between replicates < 25% 35

- 71 - 10. 2. PROLI FERATI ON W THI N MELANOVA
TUMORS GROMN IN M CE DBA/ 2J mi ce were

i nocul ated s.c. W98 ar eas (left and right shoul ders arRFTTUSIAWEN wit h
10[err] Coudman S91 5 nel anome/ nmacrophage hybrid #48 cells. After the
appear ance of -

i noculated (i.p.) with 2 x 10[err Sal m)neTABL& YBhi murium The

L R R

clone #72. At 4 h
sept nsed th sterile Nad

were bl.ed orbltal

Tunors and I|ver

(0. 9%,, e d hom)genl zed i a ra

(vol : t unor vvt Bﬁ%la wer e quanti S 1s§6e Q;L@e

onto LB pl at es i ‘Bivablt+ 2y overm ght 20 ><3W_)err] C, and -"'COUI’ltI ng bacterl al
col oni es. NunbersLLm%r ggL aver ages 1[gr£]09x1%9D The r.;%BbHs for the 4

hour and 21 hour hs.of

i After 10 days of infection (Table 16), the tumors
‘Contained an average of 2.9 x 10° Salmonella/g tumor and 2.7 x
105 Salmonella/g liver, a ratio of 11,000:1 (tumor:liver),
‘Bimilar to the distribution of bacteria seen 1-2 days post-
Enfect;on These results demonstrate that once inoculated

15 (1 p.) into tumor-bearing mice, Salmonella enter the
elrculatory system, infect the tumor cells, proliferate
wlthln the tumors, and exist there in a compartmentalized
‘faghion.

20 TABLE 16

DlSTRlBUTION OF SALMONELLA TYPHIMURIUM 10 DAYS FOLLOWING
‘INOCULATION {I.P.) INTO CLOUDMAN S91 MELANOMA-BEARING DBA/2J

~MICE

. Salmonella/gm

25 -Tissue Tissue Tumor/Liver xvlose tetracycline
Liver 2,7 x 108 - neg 9/10 res
Tumor
#1 4.2 x 10° 16,000:1 neg 3/7 res
#2 3.1 x 10° 12,000:1 neg 7/8 res

30 43 1.3 x 10° 4,800:1 neg 8/8 res
Average 2.9 x 10° 11,000:1

- 35 The results further demonstrate that 10 days post-

infection, all of the bacterial clones examined were xyl"d,
proving their genetic relationship to the inoculated clone
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the bacteria in mce are detailed in Tables 11(A) and 11(B). 20
TABLE 11 A. DI STRI BUTI ON OF SALMONELLA TYPH MURI UM 4 HOURS
FOLLOW NG | NOCULATI ON (I.P.) I NTO CLOUDVAN S91 MELANOVA- BEARI NG
DBA/ 2J M CE Sal monel l a Sal nonel | al Sal nonel | al Sal monel | a/
I;J;TDI’/ 25 IStjrain . m[BIood /gmtunmor (wet w) gmliver (wet Liver

W type x10[ err] 8.9 2.5x10[err](n=4) 3.6x10 1:4
clone 72 2x10Mr96{40238 3.5 3. 3x10[err] (n[:4) ]2.(4x12)[ err] é'e’{’g%’.“’?s“ B.
DI STRI BUTI ON OF SALMONELLA TYPH MURI UM 21 HOURS 30 FOLLOW NG
| NOCULATI ON (1 . P#*;zsr’l\fma@dcxmmms!g; clones rempinedCht B ARRTRSIEALIBIM CE

%al g})gggl a Sﬁ}' Fia dlgreal HPnﬁéﬂe%tion (&0 ygethal Hsv TRURbhtainingStrai n
e

1. 0x10[ err] s”b‘%)‘?’iﬁﬁ% rt}%h&f\é £ﬂ3(’<rﬁﬁl€r r Heéx%ﬁféﬁfmgdn&%/%ow%

6. 7x10[ err] Zhére 2 thelohme rpXasmiy pagxidjrst tp be 1Ujogetained after 42

- 72 - F our% of infection Ah Quﬁ’lgk”:&ﬁ@.?@ hi@eul ation of Sal nonell a,
t here were fewe

the liver for both wi ?gt tegbg Ic‘?%“l‘&ﬁ?gnaﬁ%n%e m’%leexbple(%g%eg%eam and

summarized in Tables 14, 15 and 16, the Salmonella infections
in melanoma-bearing mice were continued for a total of 4
weeks. To alleviate the symptoms of Salmonella poisoning

10 (shaking, matted hair) the animals were placed on antibiotics
for the final two weeks. Such antibiotic treatments
consisted of the inclusion in the mouse drinking water of
SULFATRIM™ Pediatric Suspension (Schein Pharmaceutical, Inc.;
sulfamethoxazole 40 mg/ml, trimethoprim 8 mg/ml) at a final

15 concentration of 15 ml SULFATRIM™/500 ml drinking water., At
termination of the experiment, the surviving mice were
gacrificed by euthanasia, and the tumors and livers were
removed. Portions of the tissues (1-2 wm®) were fixed in
formalin and stained for histological examination. The

20 remaining portions were weighed, homogenized in 5 ml LB
broth/g tissue, and the number of Salmonella were quantitated
on LB agar plates. Results are presented in Table 17.

TABLE 17

DISTRIBUTION OF SALMONELLA TYPHIMURIUM 4 WEEKS FOLLOWING
INOCULATION {I.P.) INTO MELANOMA-BEARING DBA/2J MICE '

25

Tissue Salmonellalqg tissue Tumor/Liver
Liver 5.1 x 107 -

30 Tumor
#1 2.2 x 10° 43:1
#2 _ 9.4 x 10° 18:1
#3 2.3x 10° 45:1

35 #4 2.0x 10° 6:1
Average 1.4 £ 1x10° 28:1
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However, by 21 hours, Salnonella were found in great 5 abundance in the
tunors so that the ratio of bacterialg tissue in tunors was 4, 000:1 over
that in the liver for super-infective nutant clone 72. After 21 hours
post - i nocul ati on of bacteria, the nunber of Salnonella in the tunors
was simlar for both the wld type Sal nonella strain 10 and clone 72, and
was far greater than the total nunber of Sal nonel | a ori gi_nal
i nocul ated, i néﬁoc%@m?@ that both wi | d- type and cl one 72?&'{/}13&%2%258]:
bacteria proliferated within the tunors. Thus, the ability of Sal nonella
typhi muriumto i nf ect Tiel axvoisec gellsnaml timgivisf everaged tless thamnas 15
expressed both grafeld welllghtr 8omare@eRol 5- TR QY tiRo2Bdin Rtont rblU NBA SmANPW Ng
in mce as seen %n<§ﬁ§1§§P§1A nd 1lB)_ T%g wi l.d-type strain
14028.showed hi Jhe? i (SREE POF (SPOMR) 1 vEY ARadoHPd A& RFSS TRECRR gher
infectivity of ¢owearinpd wneavprabe pfe 154l ¥ok¥| Falmerneld@d/gohsner erstimilal t he
?ﬁser Xﬁdt gr eageﬁo ljﬁ%éﬁhilnb)éro%izfti\ﬁnd&l—'iﬁfect%ﬂ@?:aﬁft@lk@atQé’@'lf %t?B,A/ 2] msfe

an that produ ¢l one, at _high_bacteri i ngcul a (>10[ err
c.f.u-/ nouse, d£$a§?%% POFEW ?9°u1a§§Q%‘laH°V %ﬁﬁﬂn?ﬁﬁe?gﬁﬁﬁéé#bé%g&f??ila
C57BL\ 6J ni ce bemrtihgy liveRl éR¢Peansidaduming athesdeweel Iafdarit8, Secthatn
15.2. 25 Toget hefe 4RASReT 28HLS SOl DFRRBLLA! £n Ao rSBYELF 11 QR Qhs redlddd NS

of bacteria or pother parasites with enhanced tunor .specificity in vitro
yields mitant stPattis WPREEReHREdToCLABPRAIReS PYE) ARRETELOR 30

10. 3. DI $PRPSUIPBEN oBF uSALVONEIdeAsT¥PHE IR IBMTENles 14, 15 and 16.

TUMOR- BEARI NG M CE The foll owi ng experinents denonstrate that
Sal monel I a can | ocal jze pr.olifer 1.1 hi t n ani mal
bearing either mult |ﬁyaM£iE§mI@bwm or
natural ly occurring netast : - 73 -

15.1. DETECTION OF SALMONELLA TYPHIMURIUM
15 WITHIN CLOUDMAN S91 MELANOMAS GROWING IN

DBaA/2J MICE
In order to study the histopathology of Salmonella

infection in the tumor-bearing mice, representative melanoma
tumors were removed from euthanized mice with or without

20 Salmonella infection. Portions of the tissues (1-2 mm’} were
fixed in formalin, embedded and sectioned, and the sections
stained with either hematoxylin and eosin, or tissue gram
stain for histological examination. Results of these studies
are shown in Figures 5A-B.

25 Figures 5A-B are photomicrographs of histological
sectiong from a Cloudman S91 melanoma/macrophage hybrid #48
melanoma growing subcutaneously in a DBA/2J .mouse. The tumor
was excised from a mouse that had been inoculated 2 days
earlier with 3 x 10° c¢.f.u. Salmonella typhimurium super-

39 infective clone 72 carrying the HSV TK gene, 72532, A

portion of the tumor was weighed, immersed in LB at 5ml/g

tumor, homogenized with a ground glass homogenizer, and the
tumor homogenate was plated onto LB-Agar culture plates at
various dilutions in order to quantitate the amount of

35 Salmonella typhimurium in the tumor. Quantitation of the

bacteria revealed that the tumor contained 1.4 x 10°

Salmonella/g. Figure SA. A section stained with hematoxyn
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10. 3. 1. DI STRI BUTI ON OF SALMONELLA FOLLOW NG

DI RECT | NOCULATI ON | NTO CLOUDVAN S91 MEL ANOVA
TUMORS _ DBA/2J. mice were inoculated s.c. in four areas
(left and right shoulders and flanks) with 10[err] C oudman S91 5

mel anoma/ macr ophage hybrid site. Pal pable tunors appeared 8- 10 days
post-inocul ation, representative aninmals were sel ected, and 2 of the 4
tunors (right sh¥QPe#23%nd | eft flank) were directly i nd&HUAIEE5 t h
Sal nonel | a typhi nmuri um super-infective clone #72 at c.f.u.'s of 7 x
10[err] or 7 x 1Gner epsinlghowshacterss/damrirn ¢f 2k komes pidt annated a2f on,
mce were _ %EQ@_QE.E?ddé’ﬂé}t}édngl\goiﬁé‘earroa;umfg\ﬂ@ 5hi, VeL SsaRfign' enoved
aseptically, rlnsed,wnéh.sterule CI]éO.QQ%, %ﬁ%ghed and _, .
normogeni zed wi t h §82éPeg WLth tiissuss 952 §535P: ¢ gfee negativepbackeria ey o
quantitated by plia engatéa dibmegenaissmeat ofLBhe tumorpl aWhen vieweiavitiy
overni ght -at 37 alfel $i AR tnfMBUcoPE, DA BaloBbria staitOboikurplacagasild S
DI STRI BUTI ON OF SAVFBARY L RecRasiquptr LA icorilginfgcted neceptagpRpRpggiere
VELANOVA- BEARI NG drZEufdediGURE BB CAINE cells tHHtREAGE hdOCGUiadH @hSh| NTO

TUMORS InO&lélskig'l ra@aéemlﬂeb{lel whic coul@aﬁér%%lelcegd throu?hTum)r/

t unor g tunor we?vvt), . g liver Fvvetvvt I ver .2 X

10[ err] TetgPRie[ eppyaining melangsgmep (see Figure 6).  Thegg| gpFylts
3,300:1 10 whow Rhat tl3e Xet@dtic areas of solid tumors are acces&0ld

Ig?g;rf 1 X Y @hhonella when the bacteria are imt3ddiced imtd & €¥mor-

bearing host via the circulatory system.
In an additional set of analyses, sections of
Cloudman S91 melanoma/macrophage hybrid #48 melanoma tumors
15 growing in a Salmonella-infected mouse were examined with the
electron microscope., To initiate the experiment, a mouse was
inoculated s.c. with 8 x 10° tumor cells. A palpable tumor
mass was detected 11 days later, at which time the mouse was
inoculated i.p. with 3.6 x 10° c.f.u. of 8. typhimurium super-
20 infective clone #72. Forty-two hours post-inoculation, the
mouse was sacrificed by metofane anesthesia. The tumor was
excised using aseptic techniques. Quantitation of the
bacteria within the tumor revealed that the tumor contained
‘approximately 7.5 x 10° S. typhimurium/g upon excision at 42
25 hours. In contrast, the concentration of S. typhimurium in
the liver from the same mouse was approximately 2.0 x 107/g, a
ratio of bacteria in tumor to liver of approximately 400:1.
A second portion of the tumor was cut into 1-2 mm’
pieces and fixed in 1/2 strength Karnovsky’'s fixative for 6
30 hours at 4°C, followed by washing in cacodylate buffer
overnight. The tumor tissue was post-fixed with 1% 0s0, and
1.5% potassium ferrocyanide in cacodylate buffer for 2 hours
and embedded in Spurr’s resin. Ultrathin sections were
stained with uranyl acetate and lead citrate. They were
35 viewed with a Zeiss 109 electron microscope.
Shown in Figure 6 is an electron micrograph of a
field within a melanoma tumor that includes two separate S.
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Tunmor 1 4 x 10[err 5.0x 10[err] 800: 1 Tunor 2

3 x 10[err] 600: 1 Tunor 3 3 x 107
6:1 i nocul ated t unor - 74 -
In summary, two days post-inocul ati on of super- i nfective Sal nonell a
typhi murium clone #72 directly into specificized tunors, the Sal nonella
could be found in distal, non-inocul ated tunors. The anounts of

Sal nonel | a f oundVPR640238 he tunors far exceeded the ampunts ofPCBHSHYWE a

i nocul at ed into the mce, proving that the Salnonella proliferated

within the tunor&yphlifusrumladlondewbtls titdedotib ahe ISalosomek|, awhicl e nuri um
lif t ' t
can profitera eto Qéglfzéé{”gﬁrbcefiﬁiaé %awm? 2L rebedt! Q Eﬁé ﬁc?t% Q5 ¥m

system travel at e W|t n i stant
tunor. , of melagomp wellpy Sﬂ%@ﬂe@qn@ ncNeria pheny

S91 MELANOVA METaASTAbGSomes provides pﬂ&uﬁ;uhapethemsu typhimut har ddwEred

bacteri a shoul 1 0 _fea g f
solid ., tuno % e éy@@ﬁfaém Eggdf rri@a %Sg?g b?ﬁ%%%%&%gffg &%?e
i nocul at ed . BOUBR . t HEhe A-| taphammJnrrs %eelqsafttr@rl BHEFOITARR EPPefBbur
weeks, a soft t|iﬁuﬁtmnaicﬂth&sé~9h&xg)pndﬁ\iehﬁneduv\mdnesmﬂ@l \ersitile@ial

evi dence of a pr%@&&! Eé&ﬁgﬁfd& EHeeﬁﬁgéimental infection of the mouse,
Takeuchi, 1967, Am. J. Pathol. 50:109-1361.

10 In summary, i) examination with the light
microscope revealed that Salmonella typhimurium exists in the
necrotic areas of Cloudman S91 melanomas growing in infected
DBA/2J mice; and ii) examination with the electron microscope
revealed that Salmonella typhimurium also exists within the

15 cytoplasm of melanoma tumor cells.

15.2. DISTRIBUTION OF SALMONELLA TYPHIMURIUM
WITEIN MOUSE B16F10 MELANOMA TUMORS GROWN

IN C57BL/6J MICE
CS7BL/6J mice (11-13 weeks old) were inoculated

s.c. in two sites (shoulder and flank), with 3.5 x 10° B16F10
mouse melanoma cells per site. After the appearance of
palpable tumors ({(approximately 2 weeke) the animals were
further inoculated i.p. with about 10° bacteria of the

20

following three strains: i) wild type Escherichia coli K-12
strain #CSH 101; ii) Salmonella typhimurium strain 14028; and
iii) mutant Salmonella typhimurium super-infective clone 72

25

carrying the HSV thymidine kinase gene, 72532, After about 2
days of infection, mice were euthanized by anesthesia with
metofane. Tumors and livers were removed aseptically, rinsed
with sterile 0.9% NaCl, weighed, and homogenized in LB broth
at a ration of S5:1 (vol. broth:wt. tumor). Prior to

30

homogenization, 1-2 mm® pieces of tissue were removed from
. representative tumors, fixed with 1/2 strength Karnovsky’s
fixative, and processed for analysis with the electron
microscope. Bacteria in the homogenates were quantitated by
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S. typhimuriumclone 72 at 2 x 10[err] c.f.u. was inoculated i.p. The
nouse was sacrificed 48 hours post- inoculation, and the |l iver and tunor
were renoved, honogeni zed in Luria broth, and guantitated for S

typhi murium by serial dilutions on LB agar 25 plates. The
results shown in Table 12(A) denonstrate that Sal monel I a typhi murium

clone 72 can target and proliferate within a netastatic tunor. 30.
35 WO 96/40238 - 75 - PCT/US96/10250

TABLE 12(A) DI STRI BUTI ON OF SALMONELLA TYPH MURI UM CLONE 72 IN A
DBA/ SJ MOUSE W 1A 186Fdndd eI MELANQYR-Ma ARG ASbe2night at 37°C, and
counting bactérial colonies.
Results were as follows: i) wild type E. coli were .
found in relatively low numbers in both the tumor and liver '
5 of the inoculated animals at concentrations averaging <103/g
ii) wild type S. typhimurium were

-

tumor and <10%*/g liver.
found in significantly higher numbers than E. coli in both
tumor and liver, with infecting bacteria ranging from 2 x 107

to 6 x 10° ¢.f.u./g tumor, and 4 x 10° ¢.f.u./g liver. One of
10 the two C57BL/6J mice inoculated with the wild type S.
typhimurium strain died, possibly from septic shock. iii) s.

typhimurium super-infective clone 72 were also found in
significantly higher numbers than E. coli in both tumor and
liver, further, the number of clone 72 S. typhimurium/g liver
15 was significantly lower than the number of wild type S.
typhimurium/g liver. The results are detailed below in

Table 18.

TABLE 18

20 DISTRIBUTION OF SALMONELLA TYPHIMURIUM AND ESCHERICHIA COL! 2
DAYS FOLLOWING INOCULATION {1.P.) INTO C57B6 MICE BEARING B16F10

TUMORS
Bacteria/ Tumor/
Bacterial Strain Mouse Tissue gm Tissue Liver
E. coli K-12 A Liver 355 L
25 (CSH #101)
Tumor #1 1200 4:1
Tumor #2 50 1:7
A’ Liver 100 .
30 Tumor #1 50 1:7
S. typhimurium B Liver 4.3 x 108 _
{14028 wild type) )
Tumor #1 2.3 x 10’ 5:1 ’
Tumor #2 6.0 x 108 136:1
35 .
B’ {dead)
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Ti ssue Sal nonel la/ g tissue Tunor/ Li ver Li ver

3.1 x 10[err] Tunor 3.2 x 10[err]
1000:1 10 Results represent determ nations froma single aninal.

11. EXAMPLE: ANTIBIOTIC SENSITIVITY OF WLD TYPE SALMONELLA
TYPH MRl UM STRAI N 14028 AND SUPER- | NFECTI VE MUTANT CLONE 72
15 11. 1. SENSI TI VI TY TESTED I N VI TRO WIld type
Sal nonel | a typh?"rﬂﬁ"ﬁmst rain 14028 and super-infective nBEHHE6AS5Pe 72
were tested for antibiotic susceptibility and were each found to be

sensitive to 12 2 '2 ;,w ant1 br OT gCS cq{\;eqnt Ty useggl)p 167 eat1 ng

bacteri al |nf 8? “bacteria were tested accor |ng to the -
standard protocol e ermne antibiotic sen5|t|V|ty as seen

clinical [aborat or| es, so that a patient isT4R" &l ven 1a9x 10%nt | @r%@?d to
whi ch the nmicroorganismis resistant. The ZFunbac#2ri a Mnel0%sted f o8:1
antibiotic susgeptibility by subjecting themto the Disc Dffusion
Susceptibility Techni que Kit (Remeb Cor Ryerlenexa, é@r;(sf\éa) The data are

presented in Table 13. 30 35 o
76 - Tumor #1 9.3x 10 11 000 1

{2.5g)

10 .
In summary, Salmonella typhimurium displays natural

capabilities over Escherichia coli in its ability to infect
and proliferate within B16F10 melanoma tumors. Furthermore,
super-infective clone 72°5%? displays superior qualities to
its wild type parental strain 14028 in its reduced infection
of liver in C57BL/6J mice, i.e., the wild-type strain 14028
showed greater infectivity toward liver than did clone 72%-3-2,

15

The higher infectivity of liver by the wild-type Salmonella

was consistent with the observed greater lethality of the
20 wild type stain toward DBA/2J wmice and the greater
infectivity of liver in DBA/2J mice than that produced by
clone 72 as seen in Table 11B. Togethexr, the results in
Tables 11B and 18 provide the first evidence that selection
for strains of bacteria or other parasites with enhanced
tumor epecificity in vitro can yield mutant strains with

25
attenuated host toxicity in vivo.

15.3. MICROSCOPIC DETECTION OF SALMONELLA
TYPHIMURIUM WITHIN B16F10 MELANOMAS
CROWING IN CS57BL/6J MICE

30 Representative B16F1l0 melanoma tumors were removed
from euthanized mice with or without Salmonella infection.
Portions of the tissues (1-2 mm®) were fixed in formalin,
’ embedded and sactioned, and the sections stainhed with either

hematoxylin and eosin, or tissue gram stain for histological
- 35 examination. Results of these studies are shown in Figures

7A-B. PFigures 7A and 7B are light micrographs of

histological sections from a B1l6F10 melanoma growing
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TABLE 13 ANTI BI OTI C SENSI TIVI TY Wld Type:

Clone 72: 5 Anpicillin S S Cef oper azone

S S Cef t azi di ne S S

Cef ur oxi e S S 10 GCentamcin S

S Meziocillin S S Cefazolin S
S Ci profl oxaC| n S S 15 Unasyn

S WO 96/40238 Ceftri axone S . PCT/US95/10250 g

TMP/ SIMX S S 20 11. 2.
SENSI TI VI TY TESTERbcMtahadsly in a C57BL/Sdsweptd hi TheytwfioSataspeatbised

typhl murium cl on&yrbd a mdiedthiaRi Qhd QSetPInboiidtela keg rhggl éatm%h:e?umgz i ce
e mCcC Tl otl C

.p. With bacteria,_treat
enr of  oxaci n, and%bSdrH: nﬁakﬂg"%ﬁ%mﬁb’f‘“’éﬂ?‘wﬁi’éc’r ec&ﬁVES A d2
anal og of ci prof laaraying the tHSY SHrgenel Quanbtitatiiom. of the bacteriaSi x week

old C57B6 femalg vf}jt@&nv‘@i@ ﬂdﬂ‘ Quka%@ﬁéa Rhat vid RulBl-eesdt LinegSal monel | a
t yphi murium cl one 72. | nocu ation h

day Wi t
babtern thr o GERERELRCELNG: 8 107 6 Frir $ndvBRLpEntin/g UReT xcision 2
100[ err] 1g/ 0. 1 mdaBAYp&kt {ierfielet36n (eivloHaoraria) , Iandonbeast dritheki ng wat er

was suppl ement d concentration of S. typhimurium in the liver from the same

mouse was approximately 2.0 x 10°/g, a ratio of bacteria in

10 tumor to liver of approximately 400:1. Figure 7: A section
stained with tissue gram stain shows gram negative bacteria
in an area of necrosis within the tumor. The infected
necrotic area is surrounded by dead melanoma cells that do
not stain with the tissue gram stain but which appear brown

15 in color due to the presence of melanized melanosomes. When
viewed with the light microscope, the bacteria stain
pink/purple against a yellow background. The results show
that necrotic areas of B16 melanoma tumors are accessible to
Salmonella when the bacteria are introduced into a tumor--

20 bearing host via the circulatory system.

A zsecond portion of the above-described tumor was
cut into 1 mm® pieces and fixed in 1/2 strength Karnovsky's
fixative for 6 hours at 4°C, followed by washing in
cacodylate buffer overnight. The tumor tissue was post-fixed

25 with 1% 080, and 1.5% potassium ferrocyanide in cacodyiate
buffer for 2 hours, and embedded in Spurr’s resin. Ultrathin
sections were stained with uranyl acetate and lead citrate.
They were viewed with a Zeiss 109 electron microscope as
depicted in Figure 8. , _

30 The electron micrograph in Figure 8 shows numerous
Salmonella typhimurium in extracellular spaces, denoted by
arrows, in an area of necrosis. A single bacterium is also
seen within the cytoplasm of a dying melanoma cell. The
cytoplasm of the dying melanoma cell also contains numerous

385 black melanosomes, characteristic of the B16F10 melanoma.

The 8. typhimurium in the electron micrograph
appear identical to those shown previously in intestinal
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with 25[err]g/m BAYTRI[err]. After 4 days, all the mce were given
fresh drinking water wi thout BAYTRIL[err]. After a total of 21 days, all

surviving mce were euthani zed and the experi nent was term nated. The
results are shown below in Table 13(A). 35

- 77 - TABLE 13(A)

SURVI VAL OF C57B6 M CE | NJECTED W TH SALMONELLA TYPH MURI UM - CLONE 72
BAYTRI L[ err] (ewa6/40238ci n) | N DRI NKING Herr]O Condi t PERYS96/10250
Avg. tinme of Death S.D. no antibiotic 9.3 5 days

enr of | oxaci n epithelial cells>Rdllganisgl8n (ekpesridenfal infirsttionnofuthsm

M ce receiVving baghgd | aradahknhandh 4%, aRhl. by ot pLydieds @51@511% an average of
9 days fol l owi ng inocul ation. Mce recei Vi ng bact e{lltah (1I I %\@ed by

antibiotic treatment survife§ummary, i) examination wit
) . microscope revealed that Salmonella typhimurium exist

5 abundantly in the necrotic areas of B16F10 melanomas growing
in infected B16F10 mice; and ii) examination with the
electron microscope revealed that Salmonella typhimurium also
exist within the cytoplasm of tumor cells. Salmonella were
also observed in tumor-associated neutrophils.

io0

16. EXAMPLE: USE OF SUPER-INFECTIVE TUMOR-SPECIFIC
GENE-DELIVERING SALMONELLA TYPHIMURIUM FOR

TREATMENT QOF MICE BEARING MELANOMA TUMORS

16.1. TREATMENT OF CLOUDMAN 551 MELANOMA
15 Salmonella typhimurium super-infective mutant 72%°%

2, constitutively expressing the Herpes simplex virus
thymidine kinase gene with the B-lactamase signal sequence,
was used for gene therapy of melanoma in mice (see Figure 4-
C). DBA/2J mice (approximately 10 weeks) were inoculated
20 (s.c.) with 3 x 10° Cloudman S91 melanoma/macrophage hybrid
cells'in each of 4 sites over the right and left shoulders
and flanks. Tumors were palpable 10-12 days post-inoculation
of tumor cells.
After two weeks post-inoculation of tumor cells,
25 tumor-bearing mice were further inoculated (i.p.) with 2 x 10°
c.f.u. of 8. typhimurium clone 72 containing the HSV
thymidine kinase gene with the f-lactamase secretory signal
sequence which is designated 72532, Twelve hours after
inoculation of the bacteria, some of the mice were further
30 inoculated (i.p.) with 2.5 mg ganciclovir sodium (Cytovene,
Syntex Laboratories, Palo Alto, Calf.) in isotonic saline.
These same mice received this dosage of ganciclovir four
. times over a 3 day period. Control tumor-bearing mice also
received ganciclovir but no bacteria. Another set of tumor-
35 bearing mice was inoculated with bacteria, but received no
- ganciclovir. At various times appropriate groups of mice,
treated as above, were also given the antibiotic Sulfatrim™
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at | east 21 days and showed no synptons of Sal nonella toxicity when the
experinment was term nated. Thus, the results clearly denonstrate that

m ce can be rescued from 20 Sal nonel | a- medi at ed death by treatnent with the
antibiotic enrof | oxacin. These results are consistent with those
presented in Table 13 denonstrating antibiotic sensitivity of Sal nonel | a
typhi murium strai ns 14028 and clone 72 by the Disc Di ffusion
Susceptibility MR PHZISe. The results further uR§EUSWIIE0t he

advant age of using antibiotic-sensitive bacteria as vectors in human
t unor t her apy Pediiateic Hnapeosdeh al Sshe ibePharmagantdgaby I roducti on

of antibiotics wagnrdReth@ehzole 40 132¢ i mER BXPRESSI ON OF
ARl AL P 2 zole mg/m1] 2 £ r Bt gz 1 mEBIHANGEID

S 30, -, N Al . R a
preferred enbodi ﬁgﬁfeﬁFr?'f‘Pe°leésélﬁtm u&%ﬁﬁ}éoa%n mls dFipkipg wakBrt
super-infective vector, sR#sEEsSHermPe IE9110wsyphi murium clone 72[err]
which carries tie HSV TK gpne, cofierol n#QR@oins SEfsHfdeazlihy nitdycedceiving

cancerous target cell s_as, 35 opposed. ta normal cellg | 4Qst It
has beén shown 93PFAFIPRER émtdg aﬁgﬁ?w ggﬁgh‘%t i%&gg?%5% of %sggggg og
- 78 - wat@dP) by OR8Pacteria, developed rapidly growing tumors that

PCT/ US96/ 10250  jn;$ahippeidhIRUONR £ z0@R8%y 8 NG udidagspagdt exitd npagby
(Mller et al., 1989, Proc. Nat%. Acad. Sci,. 1g,JSA 86:90054 5058, . Il er
et al., 1992, | nfBHPEF MEAFIHEHEET8 RS PRIV EAMBUERRIT® Arantis ot A 211992,
Proc. Natl. Ack.exB8dibiteSAl81E00Fono side-effects from the ganciclovir

treatment, confirming previous reports on the minimal
toxicity of the ganciclovir pro-drug in mice in the absence
of a suitable thymidine kinase converting enzyme (Bonnekoh et
al, 1995, J. Invest. Dermatol. 104:313-317). By 30 days

15 post-inoculation with tumor cells, all mice in this group had
formed massive subcutaneous tumors (5-10 gm) and had died
from melanoma.

2) One group of tumor-bearing mice received

bacteria for a total of 10 days without administration of

20 antibiotics, and received no ganciclovir. These animals had
tumors that were significantly reduced in size from the
tumors in contxol mice (Figure 10). The effect of Salmonella
alone on reducing tumor size became evident several days
after the effect of Salmonella plus ganciclovir on tumors had

25 been observed as described below. However, all the animals
in the "Salmonella alone®" group developed symptoms of
Salmonella infection (shaking, matted hair) and 50% of these
animals succumbed between 5-10 days post-infection. The
remaining animals were treated with the antibiotic Sulfatrim™

30 (Schein Pharmaceutical, Oral Suspension) at a concentration
of 15 ml1/500 wml drinking water. This treatment reduced the
clinical symptoms of Salmonella infection in the mouse
population within 24-48 hours. The surviving animals from
this protocol had significantly smaller tumors than control

35 animals and remained alive past the 30 day period, when all
of the control animals had died from melanoma.
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5 10083) when the bacteria invade nmacrophages as opposed to epi t heli al
cells. In order to test whether these pronoters are al so activated when
Sal nonel | a i nvade nel anoma cells, we used Sal nonel | a- beari ng pronoter

constructs fused to the [err]- gal act osi dase reporter gene. 10

Human mel anoma M2 cel l's, (Cunni nghamet al, 1992, Sci ence, 255: 325-327)
human epithelial 1790 cells and nouse macr ophage cell line J774 cells
(American Type W@P¥W#MB8  Col | ection) were seeded at a densi tRFTEF9616250
10[err] host cells in 25 cnferr] Corning tissue culture flasks. The

cells were infected 15 with S §810 err]_Sal n?nel | a &?gggl murium #14028/

DVEM cul ture medi um f or’1 -hBOP SR SHEFPWPE YRS UM I FoFET Y Fer
cultured for 6 hgarsiwiains@lperbigfeniagdurang G i -daetireatndnd pergodii ure
gPId' um.: l” or_cli_ﬁr KAQFKHéo%t f&ﬁl F:h&eéﬂﬁhail@ﬂsuﬁeﬁrﬁﬁélﬁ witthéiﬂgﬁfi‘addy%_e@f tt:tﬁis .

al monel | a. e nelanoma cells wer en arveste scr api em from
the substratum i ﬁngg'P%?aﬁ ' afpare%fﬁt#ﬁ“hggﬁt‘T’?fhv.er?ﬁé’ncéF I%a'{éf‘:ggﬁéﬂ % ed,
resuspgnded i n5 itPBSximy @hoaphouplatess foewolved Heo HSHUTN éxpessrdoby ttte
bacteri-a found Wghhngndes wabaAROATE-CElY;Thifhend HHEYEE td moudele RE! @y
cells were assayedq for l_&ﬂe,rr&)— gal act osi dase acéj vity. 25 Thr ege
Sal monel | a t yphi froPe FATGHEY INeFEeIIRRE pps di ipued e ithe,fPErLving
[err]-gal act osi dasémaks weames pilaced vai yBulfaexpmtssdbiptic ste aiantidD2ghe n
whi ch [err]-gal aghLosbief Wagect 16X P aBRCdot ] QUGR R3¢t _éééﬁéé&% qL the pagB
pronoter; iii) itl’al 14028 I n which errJﬁ-‘%al a%tom ﬁ_?e was .expressed
t hrough 30 acti SA*+BARGH& HetpgyE ?:ﬁ'b‘rchif’ rC ¢ RYFough e rERERt Srom
of [err]-gal act othdaspratcidoli had simiifSeandly bemetlderakupagB etk conpamiC

pronoter inducti gaih Rl MERaERED SaINRIC paSE MR 30URay pedit m;u' ippare

detailed in Tabl%hé4éontégi animals had died from melanoma (Figure 11).

In a further set of experiments, tumor progression
15 was measured with calipers in various treated and untreated
tumor-bearing mice. Groups of mice bearing Cloudman S91
melanoma/macrophage hybrid #48 melanoma tumors as described
above were inoculated (i.p.) with 3 x 10°c.f.u. Salmonella
typhimurium super-infective clone 72 carrying the Herpes
20 simplex virus thymidine kinase gene, 72532, Twenty-four
hours after inoculation with bacteria, the mice were further
inoculated with ganciclovir at doses of 2.0 mg, with a total
of 6 inoculations over a 5 day period. The mice were then
subjected to antibiotic treatment with a combination of 15
25 m1/500 ml Sulfatrim™ and 20 pg/ml Baytril™ (Miles) in their
drinking water. Baytril™ or enrofloxacin is 1-cyclopropyl-7-
(4-ethyl-l-piperazinyl)-6-fluoro-1,4-dihydro-4-oxo-3-
guinolinecarboxylic acid. Tumor growth was asgsessed with
periodic caliper measurements of tumor length, width, and
30 height, and computed as tumor volume in mm® by technigues
known to the science of tumor biology. Results were plotted
on a semi-logarithmic scale and generation times, the time in
hours for one doubling in volume, were calculated. The
following formula was used:
: 35 Generation time = 0.69 (t)/In (T,/T,), where t
equals the time in hours between the initial tumor volume (T,}

- 101 -



TABLE 14 ENHANCED EXPRESSI ON OF BACTERI AL PROMOTERS PAGB AND PAGC I N

CULTURED HUVAN MELANOVA M2 CELLS 5 Pr onot er - | nduced
Activity: Constitute Activity Cell Line pagB

pagC human epi t hel i al 1.3:1 7.2:1 - nouse

t ransf or ned 2.9:1 17:1 macr ophage 10 human nel anoma
3.8:1 31: *relative activation of pagB ands&)agC
was assessed thr"‘é‘ﬂu@)‘ﬁ‘w@pressi on of pr onot er - i nduci b?g?mswwz
[err]-gal act osi dase activity. Both the pagB and pagC

Sal nonel | a pronpeafistherfdngsd tuuer stpliumeh (Fanower athmd ioerr spoxtapal efothe

I nduction in aka@ona cell's were greater than seen in either the
epithelial or nmacrophage ggll _lings. Thesg dat.a denonstyfat t. the
pagB or pagC pronoter coul ebggtsfrl;gtas £ ee?%?"énssm %1835%5, aésnﬁacﬁaggg TK or

E. coli cytosineMgaaniowsdngi hineppirdumaseein antrspeed f¢antypineice and
éﬁz Y%NPLES ClgOmi b5 &@h t][éX:DlBE&él éi‘hc@él_BR{P%d no Salmonellaf @%h/l EHYNG -
> [ n ect 1,0 e nstrate us u ste
For expressi on of' 5 IGRonber b i G o Rs SFopert ey TeEIamand
conposi tions of mheeprreatied watknfalmenella for 5 days by np gancigiaMNRENG AND

EXPRESSI ON OF HEWBESLed Mel BXmean rate of 125 hours. TumdF3/InlHYde R:hdacltkiNASE
| N SALMONELLA TYPHLMRUM 30 . . iy HELPES

si npl ex thym di ngifi?n%aslémﬁ%%ﬁr i% davg,As well as ganci

10 growth over the 10 day measurement period, and in some cases
regressed with the treatment.

TABLE 19

EFFECTS OF HSV TK-CONTAINING SALMONELLA TYPHIMURIUM ON
15 THE GROWTH OF CLOUDMAN S91 MELANOMAS IN DBA/2J MICE +
TREATMENT WITH GANCICLOVIR

Treatment Mean Tumor Doubling Time (hrs)
none 83
29 9anciclovir 94
S. typhimurium 125
S. typhimurium no growth

+ ganciclovir

25 In summary: a) Control tumor-bearing animals
receiving ganciclovir and antibiotic treatment, but no
Salmonella, succumbed from massive tumors within 30 days of
inoculation of tumor cells; b) Animals receiving Salmonella
alone followed by antibiotic treatment showed reduced tumor

30 growth rate and prolonged survival over control animals;
¢) Animals receiving a combination of ganciclovir and
Salmonella followed by antibiotic treatment showed little or
no- tumor growth compared to control animals, and prolonged
survival over control animals. The results indicate that

35 salmonella typhimurium expressing the Herpes simplex virus
thymidine kinase gene was able to convert ganciclovir to its
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to be an effective pro-drug converting enzyne in the I nhi bition of
nmel anoma tunor growt h (Bonnekoh et al., 1995, J. Invest. Derm

104: 313-317). Accordingly, procedures were carried out to insert an HSV
TK gene with the [err]-lactamase 35 signal sequence into both Sal nonell a

typhimuriumw I d type strain 14028 and super-infective tunor-specific
mut ant cl one 72 which is derived fromthe wild type strain.

- 80 - WO 96/40238 Her pes sinpl ex thymi di ne ki nase clIRITUSS/IHPSOPCR
Plasm d DNA of the vector pHETK2 (Garapin et al., 1981, Proc. Natl.

Acad. Sci. USA 7@hdsbh8iP)atéd fortpaigkim\the mal&gbmd@umpsss, thus reducing
phenol / chl or of or r&g‘?&.r g%éo&dﬁub(}ﬁw?{h% suﬁevggrgglgft fd lFﬁPCR priners

based on the co € Sequence €s SIinp ex ym di ne ki nase
(McKni ght, 1980, Nuc. A. Res. 8:5949-5964) were: forward 5' -
GATCATGCATGGECTTCGTACCCCGEC % 3. ( SEQriAhieND oangis

C:_______)___ji_zagyzggaﬁg__
CTAGATGCATCAGT%?CIATGiIJKI%%% - E ich 1 rr,es ds to
bases 310-328 (Torward) an I%%qufgo eQ-e L\g\%‘%% é\ho’f thQegg %h “ﬁ%
sequence, with aregdead €iguehce 10° RIBFLATEATIGNR @séiﬁlévpfbfcugEQrPD N 18
or CTAGATGCAT ( p@alyisOpost - @imo‘iE@meaﬁﬁt%)or( Mok 6f tEheARd cePRELS )EriteHele 5

end of each pr.i ach, react.l yr qQnt aj ned 50 | at e,
15 10 pnol es of eag%{ﬂ?lgrﬁ&;r ‘Brod+ deoi?lyonu‘glgo‘flél tenugte %5?%5?2?2

mv Mg[err] and O. @mﬁmpglmaoﬁmlmvﬁw YSOPéiklﬁﬁSEIr?ePrdﬁﬁ%ﬂ Neresal k
CT). Amlifi catu @éc‘&&&n 18 peiziﬁrameea&y &&z@mbeﬁh@faéiﬂ[m g]agef oratl i aayg,

r5710£13'[ re]sC fI'ﬁre 20 gr?ﬁ gé %rtra]:url'fl C(JY rpﬁcafg‘\%vg%lc one %{lo eliﬁﬁm‘%ﬁ"m
pBl uescript 11 K§¥n&ﬁa éem@memthah%w T¢Apl i wRF dnpgulated i.p. into

groups of mice (n=5 or n=10) under the following treatment
protocols: a) total dose = 7.5 mg/mouse (2.5 mg day 11, 1.25

15 mg day 12; 2.5 mg day 18, 1.25 mg day 19); b) total doge =
5.0 mg/mouse (2.5 mg day 11, 2.5 mg day 12); c) total dose =
3.75 mg/mouse (2.5 mg day 11, 1.25 mg day 12); d) total dose
= 2.5 mg/mouse (1.25 mg day 11, 1.25 mg day 12); e) total
dose = 1.25 mg/mouse (1.25 mg day 11). At 18 days post-tumor

20 implantation (10 days post bacterial inoculation) all animals
were given enrofloxacin antibiotic, 0.2 mg/ml, in their
drinking water (BAYTRIL™) and maintained with this antibiotic
supplement for 2 weeks. Tumor growth was assessed by caliper
measurements and computed as volume in mm’. Animals were

25 euthanized and listed as dead when the sum of their tumor
measurements, length + width + height, reached 60 mm, or when
they became moribund (listless, cessation of drinking).

The results obtained are illustrated in Figure

11C-H in Table 19(A).

30
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confirmthe correct DNA had been cloned or was cloned into p279 cut with
Pstl which provides the [err]-I|actamase signal sequence (Tal nadge et

al ., 1980, Proc. Natl. Acad. Sci. USA 25 77:3369-3373). Transformants were
screened using a probe generated fromthe original tenplate by random
primng (Boehringer Mannheim Indianapolis, IN) using [[err]P]dCTP.
Positive clones were further screened by i mrunobl ot . SDS- PAGE and

| munobl ot 30 WO90238  5odi um dodecyl sul f at e- pol yacryl ani FETgEP6/10250

el ectrophoresis (SDS-PAGE) was perfornmed on bacterial |ysates accordi ng
to Weber and Gsbom 1975, Proterns and §8 Er’1n dodecyT sultate:r Mdlecul ar
mass det erm nat i_on.on polyacrylan de 2 related procedures. In: H

Neurath 35 and R Hilky P[gTﬁﬂiWiﬂi‘SA‘l.m NELLA

Academi c Press, New Y P4 BF cARSH %Vﬁ@'
accordi ng to Towk+r—e

- 81 -
wer e generaﬁl
anti bodi es wer e 2L i 3YS, 3, . )
used at a 1:7, 50@°qtrbpt|on (o) | owed hy 5 mtrolzbq.q;tetrazoi .oum (NBT) and

5- br onp- 4- chl or o-i ndol yl phq)g hat e (§C7‘|5f,>v\g cal or it i c det eptll on
(Pr orrega) Bactert+at |yaat tS

were prepared byYSdRMdting 1141 of Q—og phase BadtZ2rial cul-¥ure for 30
seconds at 121,0)00’&729210 |n(a0)m crof uge/5eegnt ri f u§d8+4he pel I8 and

supernat ant were ) eparatel and the nat ant s further
cl eared by ce |2f 3&@% g t 12, 003 . The p1e | et was

YS7213 (10) -0- 34+2 1.3
YS7213 {10} 3.75mg 35+2 1.4

15 Ys7213/p5-3 (10) -0- 28+2 1.2
YS$7213/p5-3 {10) 3.75mg 33+2 1.3
YS7211 (10) -0- 40+4 1.6
YS7211 {(10) 3.75mg 35+4 1.4
YS7211/p5-3 (10) -0- 34+2 1.4

20 YS7211/pb-3 (5) 1.25mg 30+4 1.2
{5) 2.50mg 37+4 1.5

(5) 3.75mg 38+4 1.5

(5) 5.0mg 42+86 1.7

(5) 7.5mg 39+86 1.6

25 “Time of death post tumor cell inoculation.

The results from the various treatment protocols
for the B16F10 melanoma-bearing mice were as follows:

1) Effects of GCV on tumor-bearing animals

30 with no bacterial inoculation

Mice receiving melanoma cells but no bacteria were
treated with GCV on days 11-12 post inoculation with tumor

cells at doses from 3.75 mg-10 mg/mouse, depending on the
experiment. 1In all trials, mice treated with GCV but no

35 bacteria showed a small reduction in tumor volume that was
noticeable within 5 days of GCV treatment and which persisted
through the ‘duration of the experiment, as shown in Figure
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further treated by resuspension in 100 [err]| of phosphate buf fered
saline containing 1 ng/m |ysozyne and 1% (v/v) 15 Triton X-100 and

subj ected to three cycles of rapid freezing and thawi ng. The resulting
material was clarified by centrifugation at 12,000 x g for 2 m nutes.
Thym di ne ki nase activity was assayed using a nodified version of the

assay descri bed by Summers and Summers, 1977, J. Virol. 24:314-318. 20
The reaction niwo#E9238ncubated at 37[err]C for 1 hour and t RGTUSSS/H3¥nd t o
DE81 paper (Watman), washed, and the associ ated radi oactivity

determ ned i n algasBa c6Wtalso elicited Salaidnblit ardpradstobhatimireases in
Transformati on n ' r f\@r e oration as
described by O %ﬁbﬁgnf?ﬁ% c%gn%?%??ﬁ’@ﬁ:l%%g%@ Hﬁ%ﬁ&déﬁﬁfﬁp ,
223:156-158. P| 2HG35t r ahFudi8ge 1niTakbesdPiBhel 1B fc PHERT HIEETREY in
(Garapin et al. the98bgefr®xf bachlatial AvcaditmBok. wdiSAnes: 8épeBdt pdod

(Tal madge et & -aos£§§00ve olod n%@tétum- Sci. USA 77;3369-3373) and two
i ndependent 30 isol ates o? err]a- a

ctamase fusions, p5-3 and_p21A-2 (See
Figure  4-C for a di agr A% rﬁspét%rf?“t??fﬁ-rétﬁh@aé:pttﬂ@sElﬁfﬁ&rﬁecésar e
desi gnat ed " pTK engdofed. ibathe eebkaingphimightuhnes adishe capamisfyettced were
the wld type 1%@e§Qdeetcﬁ_§p.§r Ebﬂ{,g,cf[ﬂl%%phorgi% %%rm?’S Consistent Two

i ndependent [err]-]lactamase- TK gene fusion constructs were 1solated and
expressed i n Sal%isHeElsh a AgEIRRmuEE ufFa ABdFRAt (R 1ERFaEIOM LT Shepn

I nmunobl ot 10 B16F10 melanoma cells in culture8Ras significantly suppsgeis

and correspondi ng QNEHrE, A6 td\Hh ¥ndSEAY & &he chﬁ?ﬁé' dibp EL o and

4B. Al three 'rh%l-econt ai ni ng P vgctors, the cytop astrrrrfecéilfa ,eﬂ)rg'%s/if@'

pHETK2 and the [ngfppt at 10 ug/ml as shown in Figure 11-F. Similar effects
of GCV on DBA/2J mice bearing Cloudman 891 melanoma x
macrophage hybrid 48, but not inoculated with bacteria, are

15 reported in the Table 19.

2) Effects of GCV on tumor-bearing animals treated

with bacteria not containing an HSV TK-plasmid

When tumor-bearing mice were inoculated with
Salmonella strains ¥S7211, YS7212 and ¥YS7213, none of which
contained the HSV TK gene, and then treated with GVC, GCV-
mediated suppression of tumor growth was evident. Tumor

20

suppression achieved with GCV was significantly greater than

that seen with the bacteria alone, even when the suppressive
25 effect of GCV on B16F10 tumors in control animals was taken
into account. This indicated that Salmonella typhimurium
could convert GCV to its phosphorylated, toxic form without
the HSV TK gene, perhaps through endogenous
phosphotransferase enzymes (Littler, et al., 1592, Nature
358:160-162; Sullivan et al., 1992, Nature 358:362-364).
Consistent with this notion was the finding that in addition
to suppressing tumor growth, some combinations of bacteria
and GCV treatment were highly toxic, shortening survival
times of the animals, shown in Table 19(A). Toxicity might
have resulted from production of phosphorylated GCV by those
bacteria located in normal tissues such as liver or bone

30

35

maxrrow.

- 105 -



| act amase fusions p5-3 and p2l1A-2, were detectable by 5 immunoblot and

enzyne assay. Relatively little enzyne activity was recovered fromthe
cul ture supernatants. Since t he i munobl ot anal ysis shows processing of
t he signal sequence, secretion into the periplasmc space of the

Sal nonel l a typhinuriumis expected. 10 13. 2. SYSTEMS FOR
EXPRESSI ON OF HERPES S| MPLEX THYNI DI NE_KI NASE USI NG
VARl OUS PROMOT B 96/40238 AND SECRETI ON S| GNACETUS96/10250

A nunber of constructs were nade to express TK using other pronoters and
ot her secretion signa)ls. Hffects of GCV on iamaereaﬂBRESﬁhﬁ% Abedted
STAPHYLOCOCCUS PROTEI N A with bacteria containin |
PROVOTER z&b@a&% tnme@ .d;ha&xfa en‘eﬁsmmxd L

PCR as descri bed i Sectlon 13. ove and _cl one stI site of
pBl uescri pt . Th.cgn’fkl’e+%$e9%&éz'§n§&§e|m P[%?r’rl HW@%&/PET% (?hf’ﬁé BanH and
HndlIl cite subpressiat i tumoe cgxrowthEZAA SpXddcrieda suMaitiraioryelV in

N | sson and Abf ahiaTgggence AA9GeyVeL %n‘tn Enzygnl qayplgéré% §61).  This

resulted in an in-frame fusion w | ococcus fein A under the 2

| acl pronoter. fHFEhﬁ¥as"i‘ﬁ’d“axk§sb&é§’r%£°§ W@e@i“‘da 87¢5L/PaPagRened in
Figure 4-C Pl asdidipddllSecZeaxpdesies 3 . 76y néoWl ishewkst nabgnifd cdat er m ned

by an i munobl otg, ggress.lon of tum2>§ %r&vth ChEHL NaF ¢ %Eﬁ HERPATLOSMARCEFENS

ol

CHI TI NASE SI GNAL pronpt er and si gnal
sequence of Spy C&Vra USl%r@?&ﬁ Pert tah As¥eFEQYo Ry - @Fd‘a?ted FyB8T EMBO J.
5:467-473) wasupppaseslidyy waERevillent dmvar doasdrasponsdee plianterswhen t he

NG 3) and GaTOORTRTT AT KRR LR 88 CboPk fhowpy 35 o

CCCOCEEOEEEE
contain Spel andiB4R®l1%1Hes TUMOF c8URRUSSFAPY . cwlﬁéﬁh ¥Ry ivcsaased was

cl oned into pSPAXerage survival times for some categorie83of GCV-treated,
15 tumor-bearing mice when compared to those inoculated with
YS7211/p5-3 but not receiving GCV.

In summary:
1) In tumor-bearing animals not inoculated with
20 Salmonella, GCV had a small suppressive effect on tumor
growth that correlated with a small prolongation of survival.
2) Tumor-bearing animals inoculated with Salmonella
not containing the HSV TK plasmid showed marked tumor
suppression in response to GCV, above that seen in animals
25 Rot treated with bacteria. In addition, some combinations of
GCV and bacterial treatment were highly toxic to the animals,
possibly through conversion of GCV to its toxic form by
bacteria in extra-tumoral tissues such as liver or bone
marrow.
30 3) Tumor-bearing animals inoculated with Salmonella
containing the HSV TK plasmid also showed strong tumor
suppression in response to GCV. It was not possible in these
experiments to evaluate the relative contributions of HSV TK
as compared to éndogenous Salmonella enzymes in the
phosphorylation of GCV. However, using as a vector clone

YS7211 containing the HSV TK expression plasmid, GCV-mediated

35
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and confirmed by DNA sequencing. This plasm d was desi gnated pSP- CHT and
Is also diagranmed in Figure 4-C 13.2. 3. EXPRESSI ON AS A
CHI TI NASE SI GNAL SEQUENCE FUSI ON UNDER THE CONTROL
OF THE CHI TINASE 5 PROMOTER Her pes

si npl ex thym di ne kinase in pBluescript was subcl oned into the pSP-CHT

vector using B Hiondl 1. This results in an in-frane fusion with
the chitinase s”%%%@m sequence under the chitinase pronot SCYURHE2) asni d

was 10 designated pTK-Sec3 and is also diagranmed in Figure 4-C Plasm d
pTK- Sec3 expr es $8¥OF SHRRKASFAOR| Aad oredodged ravnvicraBywas demdnstuabed oin

13. 3. EXPRESGSH B¢ e nOhRREDUGT A Sk RRE@RYCH15

CONVERTI NG ENZYME | N BACTERI A USI NG AN EXOGENQUSLY
| NDUCI.BLE PROMOTER The sul A pr onot er el enment ( GENBANK #V00358;
Cole * 1983) was clbhed BXABRLE: %Qﬂﬁl- ALNONRIER USIBRIMURITION viar d
( CTAGAAGCTTATAAGGGT TGATCREFERN AN RS GROVEY TN, NU/NU MICE

( GTAC@ATATCCAGAACGATGTGCKBAGE&IE)WJ(@E@xp@rNQI&)s 2_mphbtRitse Vﬂaicﬁhhzat ion

i ncor porate the ki |tes [ ectively. The
PCR condi tions \‘A’grgﬂi’@d"ﬁg es O&m&&%&m&g%%]%[‘ Fntagﬁe?ﬁlﬁ 1 mnute;
and 72[err]C for 1 mnute. The product was cI oned i nto pSP72 and

sequenced with the T7  ipriner taowenbzarréar ishemonerec wibbidwhaguheen
obt ai ned. 25 The cl oned DNA f r agmeQLONATUNORE, | dentical to the published

sequence. 10 Iy /NOORERIGE RSN t 0 dor educt ase
(p?150 OR) cDNA C| the EcoRl si teﬁggéf l}gjg(?’rlélggtg t & W%)g *l acks the
first initiating ?T‘é A6 Br FonlBitHh@*eRPs @@Grnﬂﬁﬁe@ta}'ﬂﬁs) eafh twit ke DNA

descri bed by Yatahox étO"aHCT IS8 Muman colon carcinoma cells. After the
appearance of palpable, vascularized tumors (approximately 2

weeks) the animals were further inoculated i.p. with 3 x 10%
15 Salmonella typhimurium super-infective clone 72532 carrying
the HSV thymidine kinase gene. After 3.5 hours, 21 hours,
and 72 hours of infection, mice were euthanized by anesthesia
with metofane. Tumors and livers were removed aseptically,
rinsed with sterile NaCl (0.9%), weighed, and homogenized
with LB broth at a ration of 5:1 (vol. broth:wt. tumor). At

72 hours, prior to homogenization, pieces (1-2 mm®) were

20

removed from representative tumors, fixed with 1/2 strength
Karnovsky’s fixative, and processed for analysis with the
electron microscope. Bacteria in the homogenates were
25 quantitated by plating onto IB plates, incubating overnight
at 37°C, and counting bacterial colonies.

Results were as follows: At 3.5 hours and 21 hours
there were insignificant levels of bacteria in the tumors or
livers, even when the homogenates were plated undiluted onto
LB agar plates. However, after 3 days 3/6 animals displayed
high levels of Salmonella in the colon tumors, with bacterial

tumor:liver ratios ranging up to 36,000:1. Data for these

30

animals are summarized below in Table 20.

35
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Mol ecul ar Pharmacol . 35:83-88, was fused with the sulA pronoter and
Initiating sequence by cloning the sul A pronoter obt ai ned as descri bed
above into the HindlIl and EcoRV site of the p450 oxi doreductase gene.
The resulting fusion 35 consists of the sul A pronoter, including the sul A
ATG (et hi oni ne) and subsequent 9 ami no acids (YTSGYAHRS) (SEQ ID .

- 84 - NG 7) as well as six amno acids which foll ow

i nt roduced fronWOMBRIIDNA pol yl i nker and PCR priners (SGYR FCT(USEHI0IS® NO 8)
followed with the second am no acid of p450 OR which is G Thi s
construct, pSP-SADZA-5 1S diagraned tnm Frgure 4-pD I3 4.
EFFECT OF EXPRESSLON OF P450:- ABLE 20 OXI DOREDUCTASE

CONVERSI ON OF PRl 39¥|0N OF NELLA TYPW B ﬂrs%\ﬂi
I't has b 057
It has been f;exiwegg LATIBN 1,6 S0 sowy cotanies Jomg e

Ther ef or e, 'r he sensitivi Ly of A anm fic hacterial strain
w th and hout the sul A :p450 Cﬁ/%pélg?m on plasmfi,hbg follow ng
experi ment was PMddened. |f the conghhidgle | s functionale the presence
of the p450 OR gene 'S expected to resu n 15 increased activation of

m tonmycin resul tiLkiMgri n decr eased 280 B’ of the bacteria. The sul A : p450
OR expressi on pl dymod used in th|%9e§<b@"r| ment is sin2®800t pSP- SAD4-5
(Section 13.3) except that it is in a pBluescript (pBS) backbone and
has t he [err]1galhﬁbq} gi dase transcription unit. This construct

Liver : 1.6 x 108
Tumor 3.1 x10° 2,000:1
Mouse E
15 Liver 1.0 x 10°
Tumor 3.6 x 10° 36,000:1

Shown in Figure 12-A an electron micrograph of a

section from the HCT colon tumor excised from mouse A (Table

20 20) in which the number of Salmonella found to be 6.9 x 10%/g
tumor, and the tumor:liver ratio of infecting bacteria was
26,500:1. Shown in the micrograph are numerous Salmonella
typhimurium within a vacuole in the dytoplasm of a neutrophil
associated with the tumor. Some of the bacteria are

25 undergoing division as denoted by the arrow. The neutrophil
or polymorphonucleoleukocyte is characterized by its multi--
lobed nucleus (n). Salmonella in tumor-associated
neutrophils was also seen in infected B16F10 melanomas as
described herein. The presence of bacteria in both colon and

30 melanoma tumor-associated neutrophils following infection of
tumor-bearing mice suggests that the Salmonella may have
stimulated a host cellular immune response to the tumor
cells. Enhancement of tumor immunity is thus another

_ potential advantage in the use of parasites as tumor-specific

35 therapeutic vectors.
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20 is also diagranmed in Figure 4-D. The pBS plasmd, wth and wi t hout

t he expression construct, was transfected into Escherichia coli DH5a by
el ectroporation and cl ones contai ning the correct plasn ds were obtained
and confirned by plasm d isolation and DNA restriction analysis. For

each 25 of the two pI asm d-bearing strains, a fresh, 4 hr (late Iog)
culture was diluted 1:100 into LB wth 100 [err]g/m anpicillin

select for the Wpég’ﬂlﬁ@e of the plasmd and grown at 37[err]C?CT’US§§""§5§O
rpms. Mtonycin C was added to the cultures in anounts of 0.0, 0.1 and
0.5 [err]g per m. 30 17.2. QOLOCMIWQNWFWGM ﬁwm V@BDOWn
using a Per ki n El mer doubl e beanisSid

time points. The results mignpr@aented dun:eTabl-ﬁz Me(e‘)c)s 0ld) 35ere

TABLE .14A RNL T BAGTE AlchQJLTé%R LI.L\Id:ar:l:_lEre 1% EN‘EEhOf MgTQMY N C
SR AU

5 .
Anount of M t ognfElAsCof [ gre [hyman) laale%arcmoma% Y human- cglon carcinoma

0.1 . Ht15116, WB$En renal carcﬁ&ﬁZCRL 1611, ozohﬁﬁgrédfhefgtoma
0. 053 - sul A: 5 .
oD[err] t= 18 hggﬁ;ﬁs pc?g%m drolca% Type Culture ggglectlon) Wgen palpable

tumors developed the mice were inoculated further with 2-5 x
10° cfu Salmonella typhimurium clone 72 for animals bearing
10 human lung, liver, and renal tumors, and clone 72532 for
animals bearing human colon tumors. Clone 72*%? carries the
HSV thymidine kinase transcription unit. After €66-96 hours
the animals were sacrificed, and the tumors and livers were
removed and weighed. The tumor was homogenized in § vol LB
15 broth/gram wet weight tissue. Homogenates were quantitated
by serial dilution on LB agar plates for the number of
bacteria. The results are presented in Table 20(A)} and
represent the average i+ standard deviation for n=3-4 animals.

20 TABLE 20(A)

BIODISTRIBUTION OF SALMONELLA TYPHIMURIUM CLONE 72 IN NU/NU
MICE BEARING HUMAN CARCINOMAS OF THE LUNG, COLON, KIDNEY,

AND LIVER
- Salrmonellalg tissue:
25 Primary Tumor Tumor:
Tumor Jumor Liver wt {(m Liver
lung 3.2+1.4x 10° 1.0+£0.3 x 10’ 462186 320:1
carcinoma
colon 2.5+1.8 x 10° 5.838.9x 10° 428+235 4300:1
30 carcinoma
hepatoma 6.7+11x 108 5.7+9.0 x 10 10329 120:1
renal 1.4+1.8 x 10° 8.0+£3.0x 10° 103 +99 230:1
. carcinoma
0 35

As shown in Table 20-A, when inoculated i.p. into
nu/nu mice, Salmonella typhimurium clone 72 was able to
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Mtonmycin C ([err]g/m) added Plasm d 0 0.1
0.5 15 pBS 2.33 2.23 1.93 sul A: : p450
OR 2.26 0. 34 0.071 Conpari son of the
growth of the E. coli strain DH5[err] cont ai ni ng pBS and sul A:: p450 OR
in the abs](canccra] of drug at 20 the 2 and 18 hour tine points shows that the
presence of the construct partially inhibits the rate of growth but does
not i nhi bit MA%4#M%%hg a high final yCD at 18 hours. These l%ﬁt{tg%/mzaq o)
show that bacteria carrying the pBS backbone plasnd al one are only
Fﬁrt ially inhi butgaexcgeilt Xhh\azgéa&%oﬁagoayoin@ 28ng PNEiy, akidney Homed er |,

ose carrying e sul A ..p v = CONST I UCT si.gni.fkeantyinhi i tion at
both early and | 3 apfingr%o]ifr?tr?ggtwb%&?%n rﬁﬁlﬂ?}gf’ry %%&%gén?l?@aﬁ%ns These
dat a i ndi cat ealwasts ongadbing deypbasef t1P°ni-9’day Bureonfar EBE BALRAR

%r:esé $f|‘_cogl KI]ICE EE‘Z I\ﬁ%&’)’t{gﬁéhﬁﬁéou§ém§tt'hécbkiﬁ()was hairless and t3ahslucentEXPRESS|I ON
B. coli cytosi ﬁea]g@é‘fﬁq%éé Fede Assepained nowiat gﬁ&%&%ﬁ t]é-}?%Delﬂc | vesUNI
prodr ug- convert i wereevageelasifad. f Ghegeargess ofhwebpieightesefiowit z et al .,
1995, Human Geneglhphaiva6idf8fred tuh8B3: wdidbaingt cabeinohf9322GaaaemgRes.
03: 4619-4626; MRS Bl arciBbmna, 1302606 RS; HhtomdCOfb-135' ng P ¥ha renal
91: 8302- 8306; MTPL¥h carcinoma, mg; hep ' I
1994, Cancer Ceneafidigromal: 20923%8mg.Mull en et al ., 1992, Proc. Nat | .
Acad. Sci. USfg89: 33-37; EHE&@?R&?-céhoniééﬁk%recgﬂﬁﬁéd randomly from liver
and tumor homogenates obtained from renal carcinoma- and
hepatoma-bearing nu/nu mice 96 hrs post-inoculation of clone
72 and tested for phenotype by replicate plating. 1In all
homogenates tested, 50/50 colonies were found to be Ade” and
15 Xyl™9, consistent with the clone 72 phenotype.

The results further support the notion that
derivatives of Salmonella typhimurium are useful as
therapeutic vectors for a broad range of solid tumors,
independent of the tumor origin or size. In several studies

20 Salmonella clone 72 and its derivatives targeted and
amplified within highly vascularized tumors as small as 40-
100 mg in the case of human tumors in nu/nu mice, as well
tumors of 4-8 g with large necrotic areas in the case of
B16F10 melanomas in C57B6é mice. The ability to target and

25 amplify within small vascularized tumors presents a distinct
advantage of Salmonella typhimurium as a therapeutic tumor
vector.

17.3. LOCALIZATION BY ELECTRON MICROSCOFPY OF
SALMONELLA TYPHIMURIUM WITHIN HUMAN LUNG

CARCINOMA A549
A mouse was inoculated s.c. in the left shoulder

region with 5 x 10° A549 cells. After 6 weeks the tumor was

30

palpable and the animal was inoculated i.p. with 3 x 10°¢
Salmonella typhimurium clone 72, for 66 hours. The animal
335 was sacrificed and a portion of the tumor was homogenized and

found to contain 1.6 x 10° Salmonella typhimurium/g. The
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Res. 54:1503-1506; Trihn et al., 1995, Cancer Res. 55:4808- 4812). CD
functions by converting the non-toxic 5- 5 fluorocytosine (5-FC) to the

t oxi ¢ conpound 5-fl uorouracil (5-FU). Sal nonell a possess an endogenous
CD, however, its expression is catabolite repressed (Wst and.O Donovan,
1982, J. Bacteriol. 149:1171-1174). A CD expression vector using t he
constitutively acti vl)@%err] -l act amase pronoter to ensure 10 expression of
CD wi thin tunor VOR0EBoned as descri bed bel ow. Cl oniR¢gTUaMA0250
expression of CD PCR priners based on the conpl ete sequence
for E col i cy:tensi'anb plecmionasé  (heibemoet was . prekid2d CanceledResn

53:4619-4629) we S

:9) and reverse: %&i‘%&g@W 'té Sé%ﬁ% Egﬁ% %%YP
cor respondi ng tolt Hem’buBIlF§ﬁ§da%‘%qﬁ}é‘ﬁéem U?M%WF‘*PHE*‘M@&{U% prative
GATCATGCAT (port ifon 6fhifi 2 MECO) ol lcwedCPAGAIKIGAE (RochbadylafeSEGE £ &x

NO 10) which t
Ennh )25 [Ie(r:r]: rea%?ild%ﬁﬂ € the 80flos RAGRIIeal B%SSC Sa%gdoiu oy 6%8 pm) os

m xt ure contal ned at e,
of each pri mer; iOEPW%k;ﬁEE?%ﬁq iR 5%%%&?@& Bigr's
0.5 units Taq polkydeemissdddeerih Bphtnesr rEstins, Torxsedhdin §3¢tlons were
Amplification wa r C 0 ]
S0[err]C for 15 %ggglﬁlécg J%E: ?gl yé:é r% %ﬁgﬁgé (fq'%? C;n*é(?r Q’%g
m nutes. The anpPRPiegranye rﬁl:liﬂ‘f"l1 ARi6A AP° RLATE é’ng@Pcms%ﬂP& -t hét band
of correct sizs wasumamedmtl&tdo:?aﬁ- eipaededh ppurpodds Khatatie sequenced with

T3 and T7 primer ad C d,2),p279
cut with Pstl %ghglﬁgpjr&é'\y/{% thn t[q%;re?gf: p{)%mase c?%gﬁh Jﬁ%%uq‘gelgn% t he
constitutive 30 FEP?TH%M‘P&I‘?&S&%FW ShowrhpXeEqUsy éBné’B’i

desi gnat ed pCDepéthe il iceldisagoblmdlnign ahi guper dnentalr ﬁmﬁécﬂrﬂmnbf vRe e

screened using a Lgséer,fé] P-{ng).gl epg[\ olyi gpnucleotsdgopLphe. . Positive
0

cl ones were furt screenéu% y i mmuh ot using anti - ant’i bodi es
descri bed bel . 35 Bhowgr 2 ARSI LasBt IFORURSFRE S DERHIGREId 2

CD was subcl oned tipbimtiutes denpted My spehis| hmcextraeeplessedpasesgas PTG
_The expressed proLel N as%deQ4dat Qi Ofin a single cell, possibly a - 87

neutrophil, seen in the upper left. Also seen in the field

are two unidentified cells that appear to be dying as
20 indicated by the large intracellular space, along with
cellular debris.

18. EXAMPLE: ATTENUATION OF SALMONELLA TYPHIMURIUM BY
MUIATION TO AUXOTROPHY

The studies below demonstrate that the reduced

25
virulence of clone 72 (see, e.g., Section 15.2 above) is due

to a Pur® phenotype. Further described are analyses of
avirulent derivatives of clone 72 that were isolated as
additional auxotrophic mutants, expressing in different
combinations the phenotypes of Ade-, Ilv-, Arg , Aro -, and
Ura”.

30

18.1. MUTATION TO AUXOTROPHY

Clone 72 was examined for auxotrophic mutations and
35 Was found to have growth requirements for both adenine and
. vitamin Bl, indicating a mutation(s) in the purine

biosynthetic pathway (Pur-). An experiment was designed to
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i nsol ubl e and present in inclusion bodies. CD glutathione-S- transferase
(GST) fusion protein was purified frominclusion bodi es by washing in
0.1% w v Triton X-100, repelleted and resuspended i n SDS- PAGE sanpl e
buffer. The material was 5 separated on a 3 mm preparative 10%

pol yacryl am de gel and excised after visualization with 3M potassium
acetate at 4[err]C. The purifed bands were honobgeni zed and injected i.
into DBA2J ni%¥@%¥I% Freund s conplete (day 0) and i nconplPET@/Spea3se

14) adjuvant. After 6 weeks the mice were bled and the 10 ability of the
serum ant i bodi es testbwhether ¢clhenade Chutat tomfdaudddabgountmipybtbe . observed

SDS- PAGE and | m"”é'&@@hﬁ&tion of clone 725%59%1@&%&«@ dep&gﬁilaetll%atsreﬁhwml s
( SDS- PAGE) gﬁrforma %?anl al sat es according ta \%ﬁ ﬁlr@v 15
Cobom 1975, Pr oveRfst et KAais chpfa R YRt el =t Eie

det erm nati on onrpdigtioy|and ahetgescsgwmridlabaaecﬂescrpbededumtibn Hl.
Neurath and R oibn efe)odiin o1 0h &6 Syt aged hid detasp lozg, wﬁ‘f@gem c

Press, New York, pp mmno ts were ger or med 'accor
Towbin ‘et al., 1§FPE3TIBE PR a‘NéquPR&sdm“‘S%‘it CYRReH Ver S5 38238404 B
anti-CD ant i beadiségndesd rallomdsalbpo e, \eevde Tgenkran |theuseaplilatt imnl ©500

di lution. Second%ﬁaagﬁgzé@la%nﬂmd bq‘.q"lxpe% %i&rﬂ&%&nerevertant5%%ones

phosphat ase- conj ugat €s (Prone i son, used a 1.7,

dilution, foll owdETByifPt3d g@“t‘éﬁ%ﬁe&rﬁ’ REES Ranld- 28nd
5- br ono- 4- chl dr- i ndol yl ptErRylbanicd BEre) ingboredmt.pi.cwith detedf on. £.u.

(Promega, Madisorg, }éﬁé}zglla etf him@i@?@rﬁ@a’éﬁi the strﬁlns obtBAREA | atne

| ysat es were prepa Fet ng [ overni g bacterial culture
at 3000x g for LGFEntPEs 2eves A ERGi AGLRRA itiPityn And,thepgagefe
cells were soni caeed monbtuwkrddh€odedsadd arenpy tbully niekl etMaxibunda aninabd uge

at 12, 000x 9 faig %95%& mﬂe%%atﬁgﬁ @Mgggkﬁtﬁsimag ERERED: MRS aﬁﬁdbébﬁéjed

fromMillen et al Proc USA: 89: 33-
[err]l of cell SeﬂlFECFh‘?\/a%“}eﬁfcéﬁé‘Fed Afitex 10[9¥ 39 dApEPPYY- 1”@@6"—%9"3‘5“1"
[err]Cl/[err]l) »agfpeia]the bueiving wasimspet vexk @uthakizkak. 13254

The results are shown in Table 20(B).

20
25
30

35

- 112 -



m crocrystalline nitrocellul ose TLC pl ate, Eastman Kodak, Rochest er New
York, and separated using 95:5 Butanol: water w t h unl abel ed
5FC and 5FU narkers. The plates were cut based upon separation of the
mar ker | anes and quantified using a liquid scintillation counter.

Sal nonel la transformation 5 Transformation of Sal nonella strains
was performed by el ectroporation as described by O Callaghan and Charbit,
1990, Mol. Gen. W@ME#238 223: 156-158. Pl asni ds transfected PRT/YSY%ANEDnel | a

were p279 and pCD- Secl. Sal nonel |l a typhi murium strains transfected were
strains YS721, YSTZIL, —10YSTZ2ZIZz and—YS7ZI3—wrch—are descripbed tnfra rm
Section 18. E.coli strains transfectedARELOBY ains DHE[err] and KL498
([err]cod) . Bi odistribution of Sal nonella carrying the CD

expressi on co 12
carryi-ng the CD ngéyk%g %%%EE?{%TEV@E%!E%WW@@%@ ato
an O err] bacteria were inocul at ed
i.p. into G557/ 6mce whi ch had been inplanted with 2 x 10[err] B16

mel anoma cel s 16 days prior to the bacterial infection 20 At two days

post bacterial infection, mce were sacrify Deé\:ﬂd tgg,p;r,;(,grsand IS%@[V%,S
assayed for the pgﬁgfﬁnce F‘NBn bacteri gen
of serial dilutions. The expr ei n ro uct of p cI

bound to t he amédé:D %?Ld tv%%r um by i m‘rugcbbﬁltgg anal yﬁl s. Wen this gg
38 8.

clone was trangferre coli strain V\:hl ch racks CD, it was
found to confer i gh de f.enz | determ ned by _t he
conver si on of Sng?o 5FU, gé%"%%!f%e'%m ?geeufi 4- F. F?%Ure 4-F al so f.a.

denonstrat es thatnthe cl o,rbeq,u(r:p

3.9+0.4 n.a.
u 72, Pur* 3.9+1.3 n.a. n.a.

15
w 72, Pur* 4.11+0.9 n.a. n.a.
T 14028, Pur 6.8+1.5 n.a. n.a.
N 14028, Pur n.a. 4/8 n.d.
20 g 14028, Pur n.a. 5/8 n.d.
YS721 72, Iiv n.a. 10/11 6/11
YS7211 72, v, Arg’ n.a. 8/8 7/8
25 YS7213 72, Iiv, Aro" n.a. 8/8 8/8
YS7212 72, v, Ura n.a. 8/8 6/8

Resuits are the average * SD for n=8-12 animals
n.a., not applicable; n.d., not done.

30 Ag shown in Table 20(B), Clone 72 was less virulent

than the wild type strain 14028. However, 3 of 3 Pur®
revertants of clone 72 (U, W, and T) expressed virulence
similar to 14028. Conversely, 3 of 3 Pur  auxotrophic mutants
isolated from strain 14028 (T, N, and Q) were less virulent

' 35 than either 14028 or clone 72.
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expression plasmd gives higher |evels of conversion than the 30 E. coli
strain MG1655 which expresses the wild type haploid cod gene which
encodes for endogenous CD. 14. EXAMPLE: PROLI FERATI ON OF
SALMONELLA TYPH MJURI UM CLONE #72[err] | N MELANOVA TUMORS | N
M CE 35 In a simlar set of experinents as in Section 10. 2,
DBA/2J mce (approximately 10 weeks) were inoculated (s.c.) w th 3x105
Cl oudman S91 el WRGHM23cr ophage hybrid #48 cells PCT/US96/10250

- 89 - in each of 4 sites over the right and | eft shoul ders

and  flanks. Tumors vererpal fdBhCof Osddi ki Pastod-aBhl! foM1dhe 72! UMl

cells fromtissue culture Intqo mce, gost-lno ul at1 on of

tumor cells (s.c.BrougRer eBeRrISTS WE%lerSt \ﬁé'ffré‘laﬁldl tp°5n8 AP} $vo GCREEd
(i.p.) with 2x10[m72]1 dsf an. isdleScine - talpienwequinr Kgor@l¥2 demtizabivg dthe
HSV TK gene with Er]anéd cl'oi%t Qﬁﬁf @59'3?5%45.%'&@.? !‘@éth:,r%lent

desi gnat ed 72[err acterjal 1 nfection wthout
antibiotic t? e ar?er?l?°“?e?ﬁ ese:"ﬁf“é?'f‘w't W%@@F’r‘h&eﬁ?’%}‘ée%vé%fe cigne
sacrificed and t heST21t eehsasnd onegeYS72wr eArgningaisy2eal tnch-) , apdns7Rased
for c.f.u. of sal tﬂ%“"i l@eﬂae 219’ {%r?ffitéaﬁﬁfﬂﬁ 1%& vnﬁggﬁﬁ '&Hkn Y@Qb){'g&@lf

cl ones of bacteria were |soI ate rom e [1ver f unor honogenates 10
days post-infection and tested for the genetic markers xyl[err]
(inability to nmetabolize 1bsxyl ose, ECiCENCE @HAT! TEE GUPERDNPEGTR)E and
tet[err] (resigjance to t he ant | PHENOTYRE: OFaCLONE (V) IS ¥e of

t he i nocul at ed Sal nonel | a typhi nﬂﬁﬁﬁ%ﬂ @'R@M#m ewxpm&%mmF and
tet[err]. The tet[err] clones of REQUIREMENT, ., red-—t-0 + t he
HSV TK The various Salmonella typhimur:.um Pur and Pur®

strains described above in Section 18.1 were assayed for
their ability to infect human M2 melanoma cells in culture.
15 The in vitro infection assay employed was as described in
Section 18.1.
The results are described in Table 20(C).

TABLE 20(C)

20
INFECTIVITY TOWARD HUMAN M2 MELANOMA CELL /N VITRO BY VARIOUS

PURINE MUTANTS OF SALMONELLA TYPHIMURIUM

Infecting Salmonells/

Phenotype 10° melanoma x wild type
a5 cells/15'(+S.D.)

14028 wild type 1.0+0.2 x 10° 1.0x

72 superinfective, ade”  9.8+0.7 x 10° 9.8x

R 72, Pur* 5.9+1.4x 10° 5.9x
30 U 72, Pur* 1.1£0.2 x 10° 11x

w 72, Purt 1.1£0.3 x 10¢ 11x

N 14028, Pur 1.9+0.5 x 10° 1.9%

Q 14028, Pur 1.5+1.0 x 10® 1.5x
3 T 14028, Pur 1.1£0.4 x 10° 1.5x

Results are the average + SD for triplicate infections. The bacteria were cultured in LB
broth to 0.D. gy, =.800 prior to their dilution and use in the infection assays.
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gene, since the HSV TK gene was carried on a plasmd that 20 carried the
tet[err] marker. The results are presented in Tables 15 and
16. After 2 days of infection, the tunors contained an average of 1.5
x 10[err] Salnonella/g tunmor and 2.0 x 10[err] Salnonellal/g liver, with
an average ratio of tunor:liver of about 7,500:1. 25 30 35
- 90 - TABLE 115
DI STRI BUTI ON OFYERS#RELLA TYPH MURI UM 2 DAYS FOLLOW NG PREEECARSEN
(I.P.) INTO CLOUDVAN S91 MELANOVA- BEARI NG DBA/ 2J

As shown in Table 20(C), Clone 72 displayed

superinfectivity toward human M2 melanoma cells compared to
wild type strain 14028. None of the 14028 Pur” derivatives
differed significantly in its infectivity from strain 14028

5 itself, and all of the clone 72 Pur* derivatives expressed
superinfectivity similar to clone 72 itself. The results
demonstrate that the purine requirement exhibited by clone 72
which accounts for the reduced virulence of clone 72 in mice,
is genetically separate from the superinfective phenotype of

10 clone 72. These results demonstrate that neither mutation to
nor reversion from purine auxotrophy effects expression of
the superinfective phenotype characteristic of clone 72.

18.3. RETENTION OF THE SUPERINFECTIVE PHENOTYPE
BY ATTENUATED DERIVATIVES OF SALMONELLA

TYPHIMURIUM CLONE 72
In the experiments below, the infectivity of

15

certain auxotrophic derivatives of clone 72 described above

in Section 18.1 was assessed in vitro. The phenotypes of the

clones of Salmonella evaluated are shown in Table 20(B) in
20 Section 18.1 above. Infectivity assays described in Section
10.1 were employed.

The results are presented in Table 20(D).

TABLE 20(D}

INFECTIVITY OF SALMONELLA TYPHIMURIUNM AUXOTROPHS
TOWARD HUMAN MELANOMA CELLS IN CULTURE

Infecting Salmonella/

25

Strain 10° melanoma cells/16 min  x wild type
14028 (wild type) 43+ x 10* 1.0x
30 clone 72 4.4+ x 10° 10x
clone YS721 3.2+ x 108 7.4x
clone YS7211 2.0+ x 10° 4.7x
. clone Y57212 1.7+ x 10° 4.0x
’ clone YS7213 1.3+ x 10°% 0.03x
: 35 The results represent the average + SD for 10-19 separate infections. The bacteria were
grown in LB broth to 0.D.g,=0.5 before being diluted prior to their use in the infection
assays
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MCE 5 Ti ssue Sal nonel | a/ gTi ssue Tunor/ Li ver

Li ver (n=2) 2.0 x 10[err] Tunor (n=4) 1.5 [err]
0.9x 10[err] 7,500: 1 After 10 days of infection (Table
16), the tunors cont ai ned an average of 2.9 x 10[err] Sal nonella/g tunor
and 2.7 x 10[err] Salnonella/g liver, a ratio of 11,000:1 (tunor:liver),
simlar to the distribution of bacteria seen 1-2 days post- I nfection.
These results d&¥DW4P8te that once inoculated 15 (i.p.) inFGTUS9610250
tunor-bearing mce, Salnonella enter the circulatory system infect the

tunor cells, proliferate salmbhelldeyphintsiumrdofsssYsT1dier &si7a1a, and
conpartnentalize hi : . . 6
D e BUT O O AT R SR AR T EE hers Zoike T A\ chis WN%%N
(1.P.) | NTO CLOUBRRAS Shen\ELAREVIR BUERENC REAIelsss sypgpinfective when
Sal nonel | a/ gm 25céingsted tolwstletype straiiDI4ddgyelindidyt IRE their partial

tetracycline 5 r%%%r%_ion %57)21&)3(1 l{ﬁaééxl;i]rn]fecti\-ré féWBBBS_fRe-negf-n rc]:'gat:rast:, gg}g

res _ Tunor

res #2 cone XYSfgldr (pde”, Ilyn B@o’} was fowrd) to have gremfglyes 30

#3 [1. 3] X 1@katédd infedt800ty, being 8BGut 30-foBaSléss infegtiwerage

2.9 x 10[err ' t r I ppdptrate

that 10 days posgnga&rgﬂ% ihgtlf_“g%}‘aaﬁllgf tpﬁ;e[ aé(’:t%'z'??aﬁyé%oénée}%‘lgxgm hed were

xyl[err], proving their genetic relationship to the inocul ated cl one

- 91 - 10 18.4. GROWTH OF PUR™ AND URA™ MUTANTS OF
SALMONELLA TYPHIMURIUM WITH NUTRITIONAL
ADDITIVES OR EXTRACTS OF B16F10 MELANOMA

Tumor extracts were prepared in the following
manner: B1l6F10 melanoma tumor cells (5 x 10°) were implanted
g.c. into 68 week female CS57B6 mice. After 3-4 weeks, the
mice were sacrificed and the tumors removed aseptically and
rapidly frozem, -20°C. A total of 51 g of frozen pooled
tumors was thawed at 4°C and vigorously homogenized in 255 ml
(5 vol) H,0 in a capped Virtis tissue homogenizer in the cold
for 1 hour. The resulting homogenate was made 10% with
trichloracetic acid (TCA), placed on ice for 15 minutes, and
centrifuged in a Beckman J21 centrifuge at about 20,000x g
for 15 minutes at 4°C, Further procedures were conduced at
room temperature. The clear, colorless supernatant fraction
(300 ml) was retained and extracted by manual shaking for
1 minute with 1 volume {300 ml) anhydrous ether. Between
extractions, the mixtures were allowed to settle and the

15

20

25

upper phase (containiné ether, extracted TCA, as well as
ether-soluble compounds from the tumor extract) was removed
by aspiration and discarded through approved environmentally-
protective procedures. During 5 such extraction cycles, the
PH of the water phase rose from a starting value of about

PH 1 to a final value of pH 4-5, similar to that of distilled
H,0, indicating that the TCA had been effectively removed.
The water phase was bubbled with a stream of nitrogen for
about 15 minutes, at which time the odor of ether had
disappeared.

30

35
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#72[err], and that 27/33 clones renmained tetr[err], denonstrating hi gh
degree of retention (82% of the HSV TK contai ni ng plasmd within the
host bacteria. In experinents not shown here, the sanme plasm d was found
to be 100% retained after 42 5 hours of infection in tunor-bearing mce.
In a continuation of the above experinents summari zed in Tables 14, 15
and 16, the Sal nonella infections I n nmel anona- bearing mce were
continued for a W@Pe02¥k 4 weeks. To alleviate the synpt orkCTH{596/10250

Sal monel | a poi soning 10 (shaking, matted hair) the animals were placed on
ant i bi ot i}lcsf hf or tlhe fi nide 96QUYREK SvasStBenani 1tireld ehibegi et.2 micron |
consi sted of the d, Si J41 R e _drinkij mat er . TE r
Pedi atric Sus penséllg(rale?Sc el fﬁﬂlghgrﬁﬁggéffﬁug’éls, g#’%gelvﬁe gg%?a%%%ﬁ@z% ZL ﬁ%
nmg/ M, .trimet hop@ssagsneredn.aprastorrd ats -@8RE ety fUrbhesfuss n

SELFATRI Merr]/500 nl dri nkiilmty»fp_éeétrﬂn 140Re] nrthtitenatkot Reprdeper i rrgnt,
t he surviving ; S | e e sia,, ang it an
livers .were rgr ?%@gé.glﬁ)sr tcﬁ%%g ](7)? ?Pn"gélf i géﬁ%@%( ?ilz) 'm%%{gr ??35%?@% ked in
formal i.-n and st aivi&amiarBhi sTbroglzal) aexri gueWD PVeTREIDD ¢emaisdpAg in
portions were weisga@dLubdgethz¢dej natd 3¥ec.B The Hexithagyt 6 sSua cEndathe
number of Sal monel)a per g, 94aTLLLE! Sko 10 -Be AR 86550, B2 Y SRR

presented in Table
DI STRI BUTI ON OF SARKRINEN2APONPI. ORRI MaBQ, -HEEKS OF2k L (NS0, 0 | MOGUIGATINGN -

(S I i P.) : :\IT/O NE_LoNHQ&AoB_ErMS“%/GF_@Bé{&k,M GuppleméhEédavith 0.2 gg/ml lerr]
al nonel la/g tissuy . r/Liver lver . err
--- 30 Tunor v#%ammuﬂ)’ 3|3 ug/ml adebj.lfex iB[’é?/rull uracil, 843‘13:’%/%& #2
9.4x 10[err] isoleygine, 83 ug/ml valine and 0.3% glucose, and grown on a

rotor overnight at 37°C. The next day the cultures were

collected by centrifugation and resuspended in plain

15 Medium 56 (1 ml culture plus 9 ml Medium 56). Aliquots
{0.25 ml) of these suspensions were then added to Medium 56
containing various supplements in the following manner:
A. Medium 56 plus glucose;

B. Medium S6 plus glucose, vitamin Bl, adenine, isoleucine,
20 valine, and uracil; and
C. Medium 56 and tumor extract (10%).

The bacteria were placed in a swirling H,0 bath, 37°C, and
growth as a function of OD,,, was followed with a
spectrophotometer. The stérting optical densities for all of
25 the cultures ranged from 0.005-0.07.
As demonstrated in Figure 15A-C, wild type strain
14028 was able to proliferate at about the same rates in all
three of the media tested, including the most basic of the
three, Medium 56 plus glucose. Unlike the wild type strain,
30 neither clone 72 nor clone YS7212 was able to grow in Medium
56 plus glucose, indicative of their nutritional requirements
originally observed through replicated plating on agar. In
X contrast both clone 72 and clone YS7212 were able to grow in
Medium 56 supplemented with 10% tumor extract. Liver
’ 35 extracts prepared in the same manner were also able to
support the growth of clones 72 and ¥S7212.
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#3 2.3 x 10[err] 45:1 35 #4
2.0 x 10[err] 6:1 Aver age 1.4 1x10[err]
28: 1 - 92 - The

exci sed nel anonma tunors averaged less than 1 gramin weight conpared to
5-10 gmtunors in control animals at death (data not shown). It was found
that these tunors contai ned an average of 1.4 x 10[err] Sal nonellal/g
tunmor, simlar wBsmBhe nunber of tunor-infecting bacteria meyarssaiods, 2,
and 10 days post-inocul ati on. However, the nunber of Sal nonella in the
| i ver increased during the,4 iAfectio o.th the._av. ratd o_of
bacteria in tunor ove? | i vze\rlt%‘g%r é:glﬁcgéveﬁoﬁzgglgé%ryplzfpeagtg(;é f%glrtg%ii gg
obtai ned with i nfeciresific peeharismPLiupchirmsdags the et SRl &F 14,

15 and 16. auxothophE SAVPER nVoERE®IAIH 2 1261 ECdd g dent SAbddNHeL A

TYPH MURI UM | N ;N\ VI . . T

SALVONELLA. TYPH M ONER iby b¥ Guerients, such ghfofronne Habix Al ¥R MERns
GRON NG | N 5 advantages as tumorpDmAacpgrg/gimce the environmept wpfjdhet o

study the hi StOpat_Ethﬁl:leG?bqui Sal trnaly! providdfedehl ﬁacaﬁexide:e taﬂwxa{a@%@i Rg

mce, representatlve ano s_were renoved, rrome a mce

W Eh or i hout - AP STASaraeS T s BUreate o 14T PRI AL (7S

mierr]) were fumaay | Fhigs navtatrioandt erthndsusseeth @refalnprella to

sections auxotrophy not only reduces their virulence in vivo but also
10 may provide a potential mechanism for their selective

population and amplification within solid tumors.

18.5. PROLIFERATION OF PUR"™ AND URA™ MUTANTS OF
SALMONELLA TYPHIMURIUM IN HUMAN M2

MELAN CELLS IN TURE
In this Section it is demonstrated that the

internal milieu of cultured M2 melanoma cells also can also
supply the auxotrophic requirements of these clones, since

15

both clone 72 and clone ¥87212 were able to undergo several
rounds of division once they invaded M2 melanoma cells
20 ~uitured under aercbic conditions.

Salmonella typhimurium clones 72 and YS7212 were
grown to 0.D.g,=0.8, or about 10° c¢.f.u./ml. The two strains
were then added at 10%.f.u./ml culture media of human M2
rielanoma cells as described above in Section 7.2. 15 minutes
25 after infection with Salmonella, the eukaryotic cell cultures
were rinsed with fresh medium and medium containing
gentamicin (10 pug/ml) was added. At hourly intervals over a
6 hour period, cultures were processed as described in
Section 7.2 for quantitation of Salmonella/10° melanoma cells.
3o In addition, control flasks without melanoma cells but with
bacteria were processed side-by-side with the experimental
flasks containing melanoma cells.

The results are shown in Figure 15-D. Control
flasks with Salmonella but without melanoma cells showed no
35 viable bacteria over the 6 hour period, demonstrating that

the wash procedure coupled with gentamicin treatment
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stained with either hematoxylin and eosin, or tissue gram stain for

hi st ol ogi cal exam nation. Results of these studies are shown in Figures
5A-B. 25 Fi gures 5A-B are photom crographs of histological
sections froma C oudnman S91 nel anorma/ macr ophage hybrid #48 mel anona
growi ng subcutaneously in a DBA/2J nouse. The tunor was excised froma
nouse that had been inocul ated 2 days earlier with 3 x 10[err] c.f.u.
Sal monel | a typhi MR Pé8uper- 30 infective clone 72 carrying tASEUSEHOZRK
gene, 72[err]. A portion of the tunor was wei ghed, imersed in LB at

5m /g tunor, hozogeaszfdly eliaigaveddldl assblwmmgeerier noanrdteetedtivynor
honogenat e was pl LB Agal t pl a ar j i | I n
order to quantita?%gtgﬁg&%grﬁl}%lﬁo?ﬁéﬂa%%ﬁél I%ﬁfcyog‘tﬁirﬁﬁ}%fuiﬁﬂ%e?#ggt%ﬁ%?
Quantitation of tIRE M2paghanoma Felbday etRimeReliR XRiBMTdENt Gionas 724and
10[err]- Sal nonelvisaegz ddquri@crlasdd seiginidicantiyndcs nuhbehesedothe 6 hour
- 93 - 5 periodheiPHcRoT DAY, thelf QFSaBSR! IR Rofks | Bor (AU sPbAly AN
area of, necrosi's, denot ed the”arrow. Figure 5B. sect1on st al ned
with tissue gram $Hass %w&egiaﬁ?n@b%ﬁq%%awmsgs depangfrahed; thpt M2
necrosi s area of medahomdreellbeners casie Wol Rompaithentagbte ninfasdage, the

bacteria stain pi ghRupl £ 4ARRIR! vacudl kSl | A RAGKALGUO; cace tnat che

Sal nonel | a-i nfected necroti c areas surrounde ad tunor_cells
that did not stai Reki Fate ofi g¥eyeh phialmensl by twiiiioh thgurel aneomgeredied
t hr ough mel an mrasoat $t dHdyy iRt anbREDn( SeefTedting Ghe dbEkiay efuthe 10
show t hat the nec ' f La t Ssib
Sal nonel | a when th‘gtlhg?: efcl%g]%r gé%%%ﬁ?@&%ﬁ%?xﬁo‘@{iﬁxﬁ%? the %ueééa(r&lrr? hﬁost
via the Circulatoﬁyrgygkeﬁﬁe supply of nutritional requirements, as well as to
suppress the growth of the auxotrophs through anti-bacterial
mechanisms.
18

18.6. BIODISTRIBUTION OF AUTOTROPEIC ATTENUATED
STRAINS OF SALMONELLA TYPHIMURIUM IN

C5786 MICE-BEARING Bl6 MELANOMA TUMORS
These studies demonstrate the ability of clones
¥S721, ¥YS7213, ¥87211 and Y¥S7212 to target tumors and
20 proliferate within the tumor in vivo.
C57B6 6-8 week 0ld female mice were inoculated s.c.
(left flank) with 2.5-5.0 x 10° B16F10 mouse melanoma cells.
When the tumors reached about 0.5 g (14-16 days post-tumor
inoculum), the animals were further inoculated i.p. with the
25 indicated strains of S. typhimurium. The bacterial inoculum
was 4 x 10° cfu/mouse for strains 14028 and 72 and 2-4 x 10¢
cfu/mouse for strains ¥S721, YS$7211, YS7212 and ¥S72113,
After 40 and 96 hours post-inoculation of bacteria, the mice
were sacrificed, the tumors and livers were removed
aseptically, rinsed with sterile NaCl (0.9%), weighed, and
homogenized in LB broth at a ratio of 5:1 (vol:tumor wt).

Bacteria were quantitated by plating the homogenates onto LB

30

plates, incubating overnight at 37°C, and counting bacterial

colonies. The results presented in Table 20(E) represent the

35 average + SD for n=4-7 animals.
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In an additional set of anal yses, sections of Cl oudman S91

nmel anona/ macr ophage hybrid #48 nel anoma tunors 15 growing in a

Sal nonel | a-i nfected nobuse were exam ned with the el ectron m croscope. To
initiate the experinment, a nouse was i noculated s.c. with 8 x 10[err]
tumor cells. A pal pable tunor mass was detected 11 days later, at which
time the nouse was I noculated i.p. with 3.6 x 10[err] c.f.u.

t yphi muri um supeWO %923 ecti ve cl one #72. Forty-two hours PCTRUSS6/Et250
post -i nocul ation, the nouse was sacrificed by netofane anesthesia. The
tunor was exci'sed usrng aseptlc tecﬁnl 0 %ntltaﬁ on of the

bacteria within the a =¥2

approxi mately 7.5 x 1@{Iem$m&ammm UErwm:ﬂ @Y@BOMRMHJNUATED SIRAINShOBT S.
In contrast, the conSARNONRLIANTYPHBIURIPMINUCSTRE MACE-BEARING B36 HELANOMAc
sane nouse was approximately 2.0 x 107/g. aTUMOR8tio of bacteria in tunor

to liver of appgoximately 400: 1. Salmonel seLang .portion of the tunor
was cut into 1-2 ) ' '
fixative for 6 30 holxain 4[ err] C, Temdt owed by waddiVay in cacdumoateliver

buf f er overni ghty, 43hg-5 Yle b gghfagg% R¥Shabterq@ W th 1% C80[err] and
1. 5% pot assi um f errocyani de I n cacocg ufter Tor 2 hqurs and enbedded
in Spurr's resin. ¥0%2Bathin se&-i%fs V\ér%‘) stZitdécd® v t3P ur anyl acet®tle and
| ead citrate. Theyranere 35 vi evy_e,cbiw bhxaig?ei ss1.3Q9.#lectgson m cr o00pe1L

Shown in Figuree6 j n el ectrqn LCL O h of f|eI w thin a el anom
tunor that incl udggq’s’tzao separ a'%ef 2 f&h 4 %*3 6 x {? -

t yphi muri um al ong ¥&72h1nuner ous G&Banoxoma’s véhilgh.arxe 10° speci al i aecll

subcel l ul ar or gangJ§73§Fpr esent 31 @ﬁghg £Yiep! asmy .o, pf . ngJsanona cel L,g. , The
presence of bacteria alon

¥S7213 1 5+2.8 x 10° 4,0+3.1 x 10° 375:1
15 B. 96 hrs post-inoculation with bacteria

14028 moribund/dead

72 moribund/dead

YS721 3.2+1.5 x 10° 4.7+6.9 x 10° 680:1

Ys7211 1.6+2.2 x 10° 6.3+9.9 x 10° 253:1
20 Ys7212 1.1+7.4 x 10° 5.1¢8.6 x 10° 2200:1

YS7213 1.3+2.5 x 10° 2.2+6.9 x 10° 5900:1

Each of the strains tested was able to target the
o tumor tissue and replicate to varying degrees within the
25 tumor, as evidenced by the f£inding that in all cases the
tumors contained 10-1000 times more Salmonella typhimurium
than were first inoculated. Further, in all cases the
tumor:liver ratio of bacteria/g tissue was at least 35:1 and
in some cases approached 10°. The tumors analyzed in the
30 studies presented in Table 20(E) ranged in weights from 0.5-
2.0 g. Of all the conditions and strains tested, clone 72
exhibited the highest tumor:liver ratio 40 hours post
inoculation. Further, Salmonella typhimurium strain 14028,
as well as clone 72 and its derivatives were also able to
35 target and amplify within larger Bi16F10 melanoma tumors of,

for example, 4-8 g. In addition, as shown in Section 10.3.2
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mel anosones provides proof that the S. typhinuriumentered 5 the cytoplasm
of the nelanoma cell via the bl oodstream of the nouse. The S. typhinmurium
in the el ectron m crograph appear identical to those shown previously in
i ntestinal epithelial cells follow ng an experinental infection of the
nouse, Takeuchi, 1967, Am J. Pathol. 50:109-1361. 10 In
summary, i) exam nation with the |ight m croscope reveal ed t hat

Sal nonel | a t yphi WO #3%xi sts in the necrotic areas of C ORfCHSI/8B30

nmel anomas growing in infected DBA/2J mce; and ii) exam nation with the

el ectron m CrOSC% Tab&@v%e%ﬂoh@t 750 PP I %‘rjlg@tté(ﬁ?@'d?ﬂﬂl'l@@ @i@r&&muﬁnraﬁ

within the 15 cyto nmel ano tum)r

DI STRI BUTI ON OF §Aﬂ_%|\)é\lﬁt‘ﬁ‘%rﬁ'ﬁﬂ—llsl\9ﬁ AF 40 WTHI N MOUSE
B16F10 MELANOVA TUMORS GROM#wever, both clone 72 and tHe\Nwi3dBtype SUxG@En
C57BL/ 6J i ce (1]14]0?28"\@3!f§ 91%)1};‘"@%?4 WARLSH 8878 Gnick %&g él.-}ﬂ 1ce

(shoul der and flank) B16F10 nmouse ne ona c s per

site. After the® ASFEAPInERTRFS- Fﬁélﬁ’éﬂ‘ &.uf5r8/ ?db’;ﬂ%)@?ﬁﬁ%’éﬂfﬁlf%é’eks)
t he aniimal s wer e melahombhbeinjemred aield styming tLh2abod WObeﬁravmgeerl a of

t he foIIowingé‘g.)r,,q t t sghe col

strain #CSH 101; 1 ga?n%%g%sgf{)z #Jr'rgorlélum ggrg?nﬂ C%‘daé i %] 6<51| 1)

mut ant Sal nonel | ASP3hPRET T RS F°‘|’1rf?fecﬁat°\}3€r&|ao’ﬁ%sl?eftlve&&rryTh‘ﬂg t he HSV
t hym di ne ki nase igeddst¥2petidn ofAthese adtmaind was detyiss abti néamitenh ati ce

were euthani zogh i 3RRSLNCSLANIE. 1SR AT, THER AREnLVES Sftetea

renmoved aseptically, rinse steril
honogeni zed i n LESA4PRE andiclene,i?qoriwaf npnetheless b‘f‘(ﬂ‘ljteﬁf l"t’- UMYAROmBr i or
to honogeni zathear,ing- dice] erfiol pxageke ,OfBKIGIFS’.QUGeMmar braytay fCINBE

representative t A mé\nééﬁgd "Mc'i’x lignétisei;ﬂ T G SALOVAY 4T g@ surtvidl 't‘iﬁle and
processed for analysis | ectron m crQscop terira I n
honogenat es wer e Bniti taf e q%ys {n=11) Salmonella clones ¥S7211, YS%@;Z

15 and YS87213, the least virulent of those examined, each
displayed densities of greater than 10° cfu bacteria/g tumor
96 hrs post-inoculation with tumor:liver ratios of 253:1,
2200:1, and 5900:1 respectively.

20 18.7. PHENOTYPIC STABILITY FOLLOWING INCUBATION
OF SALMONELLA TYPHIMURIUM AUXOTROPHS IN
OR-B ¢] CE

~ Genetic reversion of an auxotrophic¢c phenotype could

in theory result in an increase in virulence of the

previously attenuated bacteria. Therefore, the stabilities
of the auxotrophic phenotypes of the strains ¥S7211, ¥S7212
and YS7213 were tested following incubation of the bacteria

25

in tumor-bearing mice.

Salmonella typhimurium obtained from the
homogenates of livers and tumors of animals 40 hours post-
inoculation of either ¥YS7211, ¥S7212 or ¥S87213 were picked
from LB plates and replicate plated onto minimal media agar
plates supplemented with nutritional additives in different
combinations. The supplements were isoleucine, valine,

30

adenine/vitamin Bl, arginine, uracil, aromatic amino acids,
and glucose. For each of the three strains, 50/50 of the
bacterial clones recovered from the tumor and liver

35
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pl ating onto LB plates, incubating overnight at 37[err]C, and counti ng

bacterial col onies. Results were as follows: i) wild type E.
coli were found in relatively | ow nunbers in both the tunmor and liver 5
of the inocul ated aninmals at concentrations averagi ng <103/g tumor and
<10[err]/g liver. ii) wild type S. typhinuriumwere found in
significantly higher nunbers than E. coli in both tunor and liver, with
i nfecting bact eYR¥¥48#¥i ng from2 x 10[err] to 6 x 10[ er r FCEU§%{1025¢

tunmor, and 4 x 10[err] c.f.u./g liver. One of 10 the two C57BL/6J mice
inocul ated with HRgRehstds/RE splayed oD eTHELLUR %)Fh'éﬁbﬂyﬁéi%le%ﬁésé@é’irf rom

septic shock. iii) S typhi nurium super-1nfective,c re a

: [ oNg¢ wer | s
found in  signPFEEEMIY HinprEtahefh SieREINE thaG) 0| BT (PR e
liver, further, tsteabnsbesreigenbohealldy Stab¥phemuughunby to vmve:rd was

significantly | oggks{:%ﬂi%%@o&vﬂlﬁ‘ﬁgrtgérgb%ggiggrpéa rasted, LYPhimuriun g liver.

The results are tal

TABLE 18 20 DISTRI BUTI ON HowesgrpohE sheudrbpr MasedvEafb BrsoampeerppbicoLl 2
DAYS FOLLOW NG | NOguiAd | &hpl(dyeB. Jet&htCaBBO1Mdly BEARLAG AUt theBVORS

Bacteria/ Tu m%li:&sl?@s . Baﬁ{ %rohgkcac‘ééé“%fxsté%mrtalkgz\g%% ozs&gﬁgé#%ﬂ ssue

Li ver E. coli _ . . 01
Tunmor #1 120gst notably Anqthe YS7211 strain wherein revertants fxpRr ALg
50 1: 7 to Arg* were observed. For ega@npl_e,Liuea: tumor -bearirtodBe
Zugn; ?é[err] 10%noculated 96l hburs ear1ie¥PRifH d1¥Be vs7211 Blaringd Ve

thymidine kinase-containing plasmid, 50 out of 50 bacteria
isclated from the liver were found to be Pur”, Ilv' and Arg",
indicating that reversion and selective growth of the
reverted organisms had occurred within the mouse. The

15 finding that the auxotrophic phenotypes of clones YS7211,
YS7212 and ¥S7213 were relatively stable in mice was
supported by the long term survival of mice inoculated with
these strains.

20 18.8. SUPPRESSION OF TUMOR GROWTH AND INCREASED
SURVIVAL OF C57B6 TUMOR-BEARING MICE
INOCULATED WITH AUXOTROPHIC MUTANTS OF
8 H. 17,

C57B6 female mice, 5-7 weeks old, were inoculated
s.c. in the left shoulder region with 5 x 10°:B16F10 melanoma
25 cells grown in culture., On the 8th day following inoculation
of tumor cells, the mice were further inoculated i.p. with 2-

4 x 10° c.f.u. of Salmonella typhimurium strains YS721,
¥S7211, ¥S7212 or ¥S7213. Tumor growth was assessed with
periodic caliper measurements of tumor length, width and

30 height, and computed as tumor volume in mm?. Results of tumor
growth, shown in Pigure 16A-D represent the averages + SD for
5 animals/group with 5/5 animals surviving. After the point
at which one or more animals died within a group, the average
tumor sizes of the surviving animals were no longer shown

35 when the data were plotted as shown in Figure 16A-D.

All tumor measurements were stopped after 33 days

post implantation of tumor cells, even though 5/5 tumor-

- 122 -



(14028 wild type) Tunmor #1 2.3 X

10[ err] 5:1 Tunor #2 6.0 x

10[ err] 136: 1 35 B' (dead)

- 96 - S. typhinmurium C Li ver 2.0 x

10[ err] (clone # 72[err]) Tunor #1

1.0 x 10[err] 5,000: 1 Tunor #2 1.2 x
10[ err] 6: WO 9640238 C Li ver  PCTAUS86/19259
10[err] Tunor #1 9.3 x 10[err]

11, 000: 1 bearing animals treated witf2chghe YSIMZ1l were still alave at
summary, Sal nonelchd gt ¥pRé Wr@ﬂé”‘aﬁhﬁ&ié%ﬁex‘éataﬂé&ed toC %Q%bhhatdﬁ%u@\é%r
Escherichia coli jn |ts a| %/, gln ect “% (_;ratevm hi n B16F10
mel anoma tunors. FEAEHB tanperdans e‘@f‘%’él é* 2PErHy H¥Spl ays

superior qualiti e(SXperitﬁentt s#zw. fdllgpingpdmecthdbt sin aifnbd4b8Bia n kidtd r educed

i nfection ofg ldopetol nargslﬁlc&@}l@ @feat'edema.c& h@ef@ bqvhﬁpﬁaﬁfiai“n 14028
showed .greater inf ect|¥ é toward dt an d cl one 7(?1 e The

hi gher -i nf ect i vi t'\tREPE Ty tﬁe‘“ 1%”1’&3%?&' UK Bent
w th the observedhiseateibiatticalfotya otfot.tahe oZ02vweekst. ypansEapaﬂritmmr él[B;M 2J

m Cg ang Lhe greqliges at 'wHiRH khbl Y1 ddostl hBrIRMNPY1TeEeibanddiation
producead by of drinking) or died, were noted. The results are presented

10 in Table 20(F) as the average survival z SD for the
conditions tested. In Experiment #2 animals were sacrificed
when the tumor reached 4 g and listed with the other dead as
described in Experiment #1. The two different methods for
assessing survival accounted for a somewhat shorter survival

15 time for control animals in Experiment #2 (26 days) as
compared to Experiment #1 (28 days).

TABLE 20(F)

SURVIVAL OF B16F10 MELANOMA-BEARING C5786 MICE INOCULATED
WITH SALMONELLA TYPHIMURIUM

20

Time of death post tumor cell

_inoculation:

25 Treated/Control
Strain {Days + SD) (T/C)
Contro! Expt 1 28 + 2 1.0
(no bacteria) 2 26 = 3 1.0
YS7211 1 38 + 9 1.3

10 2 41 + 10 1.6
¥S7213 1 36 + 5 1.3

2 38 + 6 1.5
) YS7212 1 B1 £ 7 1.8
2 b5 £ 3 2.1

35 The resuits represent the average + SD for 5§ animals.
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clone 72 as seen in Table 11B. Together, the results in Tabl es 11B and

18 provide the first evidence that selection for strains of bacteria or
ot her parasites with enhanced 25 tunor specificity in vitro can yield
mutant strains with attenuated host toxicity in vivo.

15. 3. M CROSCOPI C DETECTI ON OF SALMONELLA

TYPH MURRI UM W THI N B16P10 MELANOVAS GRON NG I N
C57BL/ 6J M CE 30WO 56/40238 Represent ati ve B16F10 nel anoma t urfisT&Si1ueso
renoved from eut hani zed mce with or without Sal nonella infection.

Portions of the tissues (1Figume 6ALD skaws thgeaverageornfPi FUMOT VerBafaed
and sectioned, an@mPhevéesild @lfe SHeetahobul &t fir & 5 x im‘rrauoxyd; i e Jamdma

eosin, or tissue m stal n, f.or t.ol ogi caI X f
t hese studies ar ege Fn 151? Cjééa 8 Iéig E@r f:ﬁ:% g 9fB are F’eﬁﬁg
m crogr aphs of nameslwbégn@%u‘lsgéém ‘5&%211,01’1513328&611@ Yﬁé%ﬁonﬁlwlé'\ﬁidng

- 97 .y f 5 suppre%H?SHt@@Q:%H\%L:Ygf&v& @57Bhé6énlgﬂl%e cT,lh@né WEI21\aS
excCcl se rom a use n_1 ayS earll er
10[err] c.f.u. FFS ‘ﬁ%ggﬁ] 55‘% LrH!LYmaé‘?f?H/oeaﬂﬁ ‘ofé;’ 9%?¥hﬁqess

carrying the HSV m{ug:elhe t@mheaa‘nngmme teind beswkysda inSngj prekpngasicnnor

reveal ed that thesg %Q'erf;’QI‘t(?drﬂﬁg‘ed tép&&&ﬂﬁtﬁb&r-%éarigbeéﬁimﬂé u. S
t yphi muri uni g upon exci,

si on t-infegti bacter. a.
contrast, the  XUrednPPat? ﬁ?‘?c&erég‘t rrﬁ?t’gl gﬁ? ‘%a{tv#e ?I yept ?lor?lnﬁﬁlglsarre
nmouse was appr biiwes ellpazly duel 0%/ yery kamdeo tymobauasasesa (#n8 19) + (wher death

liver of approxi ng¢ & ho#QBedridd QHifaYs thex®3kte88 with clone YS721 appeared
to be a result of bacterial toxicity since the tumor burden
in these animals was quite small and not life-threatening in
itself. The tumors ranged from non-palpable to less than

15 0.5 g at the time of death. ‘

In contrast, treatment of tumor-bearing mice with
clone ¥S7211, ¥YS7212 and ¥S7213, each less virulent than
clone YS721, resulted in gignificant enhancement of survival
in addition to suppression of tumor growth. The degree of

20 suppression of tumor growth by the individual Salmonella
clones, as seen in Figure 16A-D, correlated with their
abilities to elicit enhanced survival, as seen in Table
20(F). The average time for tumors to reach 1 g (1000 mm?®)
was about 18 days for control animals, 31 days for animals

25 treated either with ¥S7213 and YS7211 and 45 days
(extrapolated) for ¥S7212. This corresponded to average
survival times for 26 days for control tumor-bearing animals,
compared to 38, 41, and 55 days for animals treated with
clones ¥87213, ¥S7211 and YS7212.

30 Thus, among the attenuated strain of Salmonella
tested, the order of efficacy for suppression of tumor growth
and prolongation of survival was YS7212>YS87211>YS87213.
Earlier treatment with an antibiotic, enrofloxacin, i.e.,

10 days as compared to 23 days post-inoculation of bacteria,

35 increased the survival time for tumor-bearing animals
inoculated with Salmonella, but not that of control animals.
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stained with tissue gram stain shows gram negative bacteria In an area
of necrosis within the tunor. The infected necrotic area is surrounded
by dead nel anonma cells that do not stain with the tissue gram stain but
whi ch appear brown 15 in color due to the presence of nel anized

mel anosones. Wen viewed with the Iight m croscope, the bacteria stain
pi nk/ purpl e agai nst a yell ow background. The results show t hat necrotic
areas of B16 mel¥¥P8H¥2Bunors are accessible to Sal nonel | a REAEH%¢/HRS0
bacteria are introduced into a tunor-- 20 bearing host via the circulatory
system A secoiud.port i BANTDITUMOR ADDYCETIE OFr AURCTROPREC Was

cut into 1 nferr] pieces and flxedsmqmlét H’EHQIWRMGHSRFS%ING fixative
for 6 hours at 4[err]C, followed byCHERS z

overnight. The tunor ti SSL@cp/&imEﬁ’é&lft%5lw ﬁx&déll%o@iﬁeﬂd aid sktSUp

pot assi.um f err ocyani, acod fe hour s
Spurr's resin. X‘T ?ﬁec@u? & f‘y éﬁs cﬁgg ng? néa%er{n% Fu‘lﬁ?a‘ﬁ’;ﬁ Qg’feggggr% d
| ead citrate. ﬂﬂé} weia %é?ﬂéfdow t Al EguRtiss 9£1002 atle bacsaript ramepsias

depi ctéd in Fi gurss &g7882 carrying tf[@ecﬁicféﬁtn'éoaeaﬂlﬁfd&r aRpréssfigure 8
shows numer ous Sal mo cel | denot

ul
by arr ows, ngs&;ggg ks%eﬁggfgr}“;ngﬁr SNz ab] aerp %‘:%eés?()m ggﬁy
within the cyt opllasml@f GFUpl hgwens dmdeated| intrar@nton,%w dawrofiic@eon

dyi ng nel anoma Cﬁﬂ 8l.s9-eoldcREcBUREr LTS htagk mal am%@m dissolved
characteristicim

the el ectron mi crld‘gggﬁﬁwﬁi‘gﬂgg?& gga?"l‘]c S°585 ?ﬂ%s’%q@(l%\mwﬁgpm%uf;%e;aﬁlﬂ&

i nt esti nal mice intraperitoneally on Day 798 Death of animals was

recorded daily. Results are presented in Figure 17.
Figure 17 clearly demonstrates that combination of
CD and 5-fluorocytosine prolong the survival Salmonella

15 expressing animals bearing B16F10 lung metastases.

195. EXAMPLE: ATTENUATION OF SALMONELLA TYPHIMURIUM
THROUGH MUTATION IN LIPOPOLYSACCHARIDE
BIOSYNTHESIS

Several mutant strains of Salmonella typhimurium

20
and E. coli have been isolated with genetic and enzymatic

lesions in the LPS pathway {(Raetz, 1993, J. Bacteriol,

175:5745-5753), One such mutant, the firA mutation is within

the gene that encodes the enzyme UDP-3-0O(R-30
25 hydroxymyristoyl) -glycocyamine N-acyltransferase, that
regulates the third step in endotoxin biosynthesis (Kelley et
al., 1993, J. Biol. Chem. 268:19866-19874). Salmonella
typhimurium and E. coli strains bearing this type of mutation
produce a 1lipid A that differs from wild type lipid A in that
it contains a seventh fatty acid, a hexadecanoic acid (Roy
and Coleman, 1994, J. Bacteriol. 176:1639-1646) and has
decreased lipid A 4' kinase activity.

30

A firA” mutant was investigated for its ability to
. induce TNFg proauction by human monocytes as well as its

a5 ability to target solid tumors in mice.
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epithelial cells follow ng an experinental infection of the nouse,
Takeuchi, 1967, Am J. Pathol. 50:109-136. In sunmary, i)
exam nation with the |ight m croscope reveal ed that Sal nonell a

t yphi muri um exi st 5 abundantly in the necrotic areas of B16F10 nel anonas
gr ow ng in infected B16F10 mce; and ii) exam nation with the el ectron
m croscope reveal ed that Sal nonella typhimurium al so exist wthin the
cytopl asm of tunWP96/9288. Sal nonella were  al so observed i n PCT/US96/10250

t unor - associ ated neutrophils. 10 16. EXAMPLE: USE OF

SUPER- | NFECTI VE TUMOR- SPEGL &1 1< ABILITY OrCEAGONELIINFRyNEr/ MaNEL A TO
TYPH MURI UM FOR TREATVENBUCE ThirCh BEOIRICIGONERANTANT BIORS

16. 1. TREATMENT OF CLOUDVAN 591 MPNOCYTES 15 Sal mpnell a
typhi muri um super-infective nutant 72[err] [err], constitutively

FXpr]eslsi ntg the He_rpesl si Mpk&Xmord1uS tybﬁﬂzﬁﬁﬁ}uﬂﬁstki‘ﬂ&ﬁﬁl;mem& am? mttsre.’irA' _
err]-lactamase_signal_ .sequ wag_ used f.or ne therapy o a in
mce (see Fi gurg - lva&)"f'gﬁ%%f r?\rgeaf%%ﬁ%(%?i P’rﬁ?’glrvafoe\%eg%'s) ]Y/%ﬁé BRES

i nocul ated 20 (s.€:)104i10R7316231.0[ &he] gehahixhesnoEouhans shyAansRrOFHFage
hybrid cells'"ifprasiy.of 4 sites over the right and left shoul ders and
fl anks. Tunors were pal 10- 1 y ost,- i.nac o] of r..cells.
After two weeks p%%‘f&%%gg{)gﬁi%nv%ﬂq?uﬁﬁf' 5 Ihé‘,s'%a# lﬂ%@g%e’gﬁ%%tgggé\ere
further inocul at etyli404. Hivnb tHe2 -2, 0, X0OFéak§6 rpspl20 wfagit08l:t yphi nuri um

f' On]e |72 ;:ont aiﬂi@&éithﬁsh%z illtdlmbdi BEerld1na9e s 0ees \Mettli\_ztzhﬂctetEss71 trpB?
err]-lactanmase secretory,.s S e | gnat e [ ets] .
Twel ve hours afte’fyi_m%né&ﬁ*’g%?'oeﬁnof‘ ?ﬂ%&};cﬁp\éﬂ‘%@ J‘E%rgg‘%g#‘tﬁ%c% %tgl[r%er)é
further 30 inocul ated (i.pd)desivative of Fmimonefl dyitypdydiueriugpGjindeatrain

Syntex Labor at or i §$7¢F2akBsAbiShedFalibsl ghdt d S @HIBLE- 68 12R@- used RE IReS F0PA°
m ce received this dasage QVl I day. _peri od.

Control tunor - beat iy i 850'3?%%%8%3'88%?%2%”&&%& %:ﬁl’c:)%%fioég[w%ofbaascf‘&i a.
Anot her set of 15 uSsrticdsipeirhalpwyi cEHWRR2 i64ovaF ateleatiedhfbucie®i a, but
recei ved no gaﬁﬁﬂéﬁé@ﬁbitiviﬁy'%%rEﬁéSaﬁiﬂE%%tQEpﬁé&Hﬂﬂ%&QnQé@&ps of mce,
e ed as above, WOre 8180 AT VaCGB0ND! hhEa LA O 8 dhe Fira-
SH7622 strain.
LPS was extracted from Salmonella typhimurium
20 strain 14028 and its derivatives clone 72, clone ¥S7212, and
clone ¥8721i3; as well as strain SH5014 and its firA-
derivative, clone SH7622-64, as follows: The bacteria were
grown in 500 ml LB broth to 0.D.g,,=0.9 or about 2 x 10°
cfu/ml. They were collected by centrifugation, and the
25 pellets, containing about 10° cfu/ml. They were collected by
centrifugation, and the pellets, containing 10'? bacteria,

were drained and stored frozen at -20°C. To extract LPS, the
pellets were resuspended in 18.3 ml H,0, and 15 ml redistilled
phenol was added (H,0:phenol, 55:45, vol/vol). The mixtures
30 were placed in a shaking water bath at 69-70°C, for 1 hour
producing a monophasic mixture, and then cooled on ice. On
cooling the mixture separated into a phenol phase containing
mainly proteins, and a water phase containing
lipopolysaccharide and nucleic acid {Galanos, C., Luderitz,
35 0., and Westphal, 0., 1969). The water phase was lyophilized
tc dryneses and the white fluffy lyophilized material was used
as the source of LPS. The LPS was weighed and dissolved in
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Pedi atri c Suspension (Schein Pharnmaceutical, Inc.; sul f anet hoxazol e 40
nmg/ M, trimethoprim8 ng/m) at a concentration of 15 m

Sulfatrinferr]/500 m drinking water. Results were as .foll ows:
5 1) Control nelanoma tunor-bearing mce, receiving
ganciclovir and antibiotic treatnent (Sulfatrinferr] in drinking wat er)
but no bacteria, devel oped rapidly growi ng tunors that initially doubl ed

in size every 3 WQ%HM3ys, determ ned by caliper neasureneREGAHVERIN in
Figure 9. These animals 10 exhibited little or no side-effects fromthe
ganci cl ovir tragonentl wnMdli,r &b Ngrquke fo@UEi Ieisnt Snothé himaubaitiehs with

toxicity of the qm%hckg(\ﬁgplp% dﬁg?? %Q% 1y the absence of a suitable

t hym di ne ki nase "‘conver al, 1995, J. Invest.
Dermat ol . 104: 313-317). By wmmr%hw ersoarepitad dey Follnna 48 pdl
all nmice in this gorepubad werd atmedofimssipsratubeatt ailkaids (60l v(a‘-'s» 10 gm

and had died f f
m ce received b‘%’é&{f eerglgéép girja“ &eglm%}f }i"ﬁnaélz )mlug?ﬁoutl?lgg 7 hé |l%%%(r):‘ "
20 antibiotics, &Fingeei VB faganvae| ANeredrhbse %.%Hgoﬁﬁdover tudr of

Egat We”io)s' QQ'hf 'ﬁﬁlw phMe daered tyn -si ze7 7 rglmmlt he.o ggsumm GPathiddae Bhae
i gure e c o
becgme evi dent ses\e;er I E‘é%lf%&ﬂ‘?ﬁbbar{%enzgﬁﬁ 8&%&% P%@Qf}fmalﬁ-l “K.B.

ganci cl ovir on t (fRRS31RadS¥eAetednohs Sl PR NG BERFHY CGéFB’?Af-“%vFé’J@rS al |
the animals 108 redrteitbgbanameldononl gnESr owinderel o syapbbord afells

Sal monel |3 1 nf SOt L sl o MRt ed b2 o011 P8R8 ocnalldBhs

succunbed bet wee I nfec ani nal's ‘we
treated with the sadimspse clrsLﬁ fdatsf:rﬁf%rbajnds@beﬁe%hw %P—ﬁgee:%t iand ,abevsl
Suspensi on) at a tHNQgAbhetyEsY macrophdde BdrD@asl sarumkivigibbe ey iHE S
treatment reduce éﬂT%w color. The serum from each tube was removed by

15 pipette, pooled in a total wvolume of about 30 ml and saved
for supplementation into the culture media as described
below. The lymphocyte/macrophage bands were pooled in a
total volume of about 15 ml diluted with 40 ml RPMI 1640
culture medium, and centrifuged at 1000x g for 5 minutes.

20 The cloudy supernatant was discarded and about 0.2 ml of
pelleted white cells was obtained. The cells were
resuspended with 50 ml RPMI 1640 culture medium supplemented
with 15% human serum (described above), penicillin (100
units/ml) and streptomycin (100 ug/ml). The recovery of

25 viable lymphocytes and macrophages from 60 ml whole blood was
determined by hemocytometer counting to be about 7 x 107
cells. Together the cells, lymphocytes and monocytes were
distributed into 24 well Corning Tissue Culture Plates at
0.5 ml/well, and incubated in a gassed humidified incubator

30 at 37°C for 15 hours.

The next day the cultures were rinsed twice with

serum-free RPMI 1640 containing antibiotics. Between each

- rinse, the cultures were incubated about 1 hour in the 37¢°C
’ incubator to facilitate removal of lymphocytes and other non-

35 adherent cells. Adherent cells were found to be mostly, if
. not all derived from blood monocytes, 1i.e., macrophages that
had differentiated from their blood monocyte state by virtue
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clinical synptons of Sal nonella infection in the nouse popul ation within
24-48 hours. The surviving animals from this protocol had significantly
smal l er tunors than control 35 aninals and renai ned alive past the 30 day

peri od, when all of the control animals, had died from nel anona.
- 100 - 3) Anot her group of tunor-bearing mce
recei ved ganci clovir plus bacteria during a 4-day treatnent period.

About 50% of theWaA¥ & succumbed within 1-2 days of this PCTUS2H St
apparently fromthe conversion of ganciclovir to 5 its toxic,
phosphoryl at ed f SHmabFacheenS\EoT khex P awed dh§ht heFor esamabtieldit acl one

72[e(rjr] W t hi n Ejhﬁslﬁadheﬁic&heamys% dﬁtdrhtllﬁe thé |pm»c@aaag@|mnr t reat ment
was di sconti nue Y I inferr]
antibiotic to con F%l%%ég rg h%ﬁg Iger}}tn é?lx\%%lm{? gcgg%ﬂ? 4[%”110@%%

exposure to 10 saqqﬁnerla‘aIth cahtwrg otthe REBuUlRtd®ps waghéoungd FPvBes from

this protocol heiksHeanibitpnidos paBhtHre tﬁdﬁéﬁpié’é’élcﬁ'pﬂtfl’@he enzfieMAbA- and
remai ned alive past t e 30 _day period

the C nt s had
di ed from mel anorf® <CFi gur%s‘:fl%/a &) 2 tarkey C%mtnonjay etdhg él%tﬁﬁglung{l
experiments, t unmoqmcag¢35@¢®rmapsom§9¢ﬁeaf§9meaywlnwms| ped sothery geldus
treated and untregiRe. REMNMs B@ALtaGedithar MHOUPSE AotMhlE dEeahengells

Cl oudnan S91 /na 0 rid #48 nel,an t unmor descri bed
above were inocul® é'{pg rr? %0[{%% QX e Ss?rlbedg[ﬁ%rlrﬁvﬁe‘f?ée 2
typh|nurlun1sub@ﬂmnﬁkﬁtﬁlQ!ASﬂmee72 carrying the Herpes 20 sinplex virus

thym di ne kinase gene, 72[gfddr théWsséond Qihse dduifibedl hBbvé NAHuAtFoSe,
Wi th bacteria, the nbggt¥grgégé£¥%q%§ RPMI 1640 supplemented with LPS at the
concentrations indicated was added to the cells, and the
cultures were placed in a gassed, humidified incubator at
15 379C overnight. After 20 hours, the well plate cultures were
centrifuged in a Beckman GS-15 centrifuge at 8000x g for 10
minutes, and the supernatants were removed and assayed for
TNF-a content using the QUANTIKINE™ Human TNF-a Immunoassay
Kit #DTASO (R&D Systems, Minneapolis, MN), TNF-a production
20 as pg/ml by human macrophages is plotted as a function of

pg/ml bacterial LPS added to the culture medium and shown in

Figure 18.
Strain 14028 and its derivatives clone 72, clone

YS7212, and clone ¥87213, as well as strain SH5014, all

25 induced TNF-a production by human macrophages at
concentrations of LPS in a dose-dependent fashion.
Concentrations of LPS from each of these strains as low as
100 pg/ml (0.1 ng/ml) were stimulatory to TNF-a production,
and increasingly stimulatory at concentrations of 10° pg/ml

30 and 10* pg/ml, inducing TNF-a production by macrophages to
levels of 600-800 pg/ml. The levels of TNF-o induced by the
LPS were similar to the circulating levels of TNF-a found in
patients with septic shock syndrome as well as in human
volunteers injected with E. coli LPS (Morrison et al., 1994,

35 ASM News 60:479-484). 1In contrast, LPS from firA" strain
SH7622-64 was far less stimulatory to TNF-a production by the
macrophages, and was detected only at concentrations of
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I nocul ated with ganciclovir at doses of 2.0 ng, with a total of 6

I nocul ati ons over a 5 day period. The mce were then subjected to
antibiotic treatnment with a conbination of 15 25 m /500 m Sulfatrinferr]
and 20 [err]g/m Baytril[err] (Mles) in their_ drinki ng water.
Baytril[err] or enrofloxacin is 1-cycl opropyl -

(4-ethyl -1-piperazi r}ﬁ%‘% 6-fl uoro-1, 4-di hydr o- 4 0XO0- 3-

qui nol i necar boxWQ¥483¥d. Turmor growth was assessed with BETUSH18250

cal i per neasurenents of tunor |length, width, and 30 height, and conputed as
tunor vol unme in oof ag/miby Tm@nla}uasaosekf&mnbe tbfpacisdnGeL.Ds fruwor

b1 ol 00y Resul t s ueten iofdsdcs w00 SulPtbolPoRF LihEeeaEale g generation

times, the tine oursfor vol une, were cal cul at ed.
The _.foll owi ngSFéw&ﬂfamﬂa@aegeaha% TNF-o producrse@@r whewrcqnnared bogPS
(t)/In-(T[err]/ Tbsebm] ghe Wigae parent@quatsaidesHsone, | NFi¥HeSmbet etk t he

initial tumor ol gﬁlé%-[femg{%afratﬁthat sttrﬁén?IYS7212 apd. Y872 el'glacx]x()l -

andtheflnal tumor Vo near ion o
curve. . produygrd 1PSysinidae thoiddi Ayrs gqtrrélg &ﬁ@iZﬁrétﬁSe ag. Mean

doubling times oksbUgBEd By sktAnhBat Bsh G hufhn M ophdged. M ce treated with
ganci clovir but no Sal nonella infection were simlar, being 83 and 94

hours respectively. Tunors in mce treated with Sal nonella for 5 days
but no ganciclovir douBi%ed-at a FRBER ITABGE‘HNC&?E ﬁwwgﬂm%
treated wi tip Sal nonel l a for 5 dageald ' ,

growth over the 10 day neamar epese pmg cmhmoanclellm mmBISEIS(ESnouseI’ aglemad

with the treat Melka1s (5 x 10°) were implanted s.c. in C57B6 mice. When the
tumors were palpable, SH7622-64 grown in LB broth at 37°C to
a density of about 10° cfu/ml (0D,,=0.8). Aliquots of 5-10 x
10%° cfu were removed and inoculated into tumor bearing mice.
At 48 hrs (M27 lung) and 96 hrs (B16F10 melanoma) post-
inoculation of bacteria the animals were sacrificed, the

15

tumors and livers removed, weighed and homogenized in LB
broth at a ratio of 5 ml/g tissue. Homogenates were
quantitated for bacteria by serial dilutions on LB agar
plates., Results are presented in Table 20(G).

20

TABLE 20(G)

25 TUMOR LOCATION BY SALMONELLA TYPHIMURIUM BEARING THE firA'
MUTATION FOR LIPOPOLYSACCHARIDE BIOSYNTHESIS

Salmonella/g tissue:

Primary .

30 Tumor Tumor Liver Tumor: Liver
M27 lung 2,9 x 108 -0- n.a.
B16 3.2x 108 1x10? 3200:1

The resuits are derived from single animals.
v 35
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TABLE 19 EFFECTS OF HSV TK- CONTAI NI NG SALMONELLA TYPH MURI UM ON 15 THE

GROMH OF CLOUDMAN S91 MELANOVAS I N DBA/2J M CE [err] TREATMENT W TH
GANCI CLOVI R Tr eat ment Mean Tunor Doubling Tine (hrs)
none 83 20 ganciclovir

94 S. typhinmurium 125 S. typhinmurium
no growth + ganci cl ovir 25 In summary: a) Control

t unor - beari ng aﬂ‘?‘?r%/‘@z“ recei ving ganciclovir and anti bi ot i ECT/PE%{10AH¢ |

but no Sal nonel | a, succunbed from massive tunors within 30 days of

i nocul ation of tunor cell sAs [ghomni il Trhlec@PVEhg SHaFONEHTER2-64gWaReable

fol : Oweddby anti t@:ooubeaté e@iﬁl‘ﬁ.lﬁ‘f[ bsbﬂvwfué mdyﬁed:fl_taﬂalmawn@r@g 2raten@nd

prol onged survival _over control an S ni_ma ecej v a .

conbi nati on of g%’ (':“P(E?O‘{'/}F‘?n a’fff?cuﬁagﬁn?rﬂﬁﬁe’l Ilélg%o choev\‘/ed%f)‘)g/s%n elsb)"lﬂgffcln

treat ment showed combipatien withotheseringSesthorckpdr #dich Hhaw tRtahPsml s,

ggdsplrol onlgfd t5 fﬁ*_éant?@b Wic@z@_ai'rﬁirﬁnﬁg@di% wXEeglf@@dﬂyF %ubﬁﬂé@ﬁdﬂ itphat
al nonel | a typhi_nur i um expressin 2 Her pes_ si ex_Virus m di ne

ki nase ‘gene was éﬁlseag’bft‘:%\y)%r tméﬁﬂgi%@{}gﬁ i gmf'?%%cwphages‘ denbl¥ELtd

- 102 - that Salmonella attenuated through a mutation in endotoxin

biosynthesis can be useful as tumor vectors in vivo.

10 20. EXAMPLE: TUMOR-SPECIFIC ACCUMULATION OF CLONES
¥S721 AND ¥S7211 IN MURINE LEWIS LUNG
CARCINOMA

This example demonstrates that auxotrophic mutant
Salmonella clones ¥S721 and YS7211 locate to lung carcinoma.
The experimental model of the Lewis lung carcinoma

15 was set up by injecting 5x10° cells into C57B/6 mice

subcutaneously on Day 0. Aliquots of 0.2 ml bacterial
suspension (approximately 1 x 10’ CFU/ml) were injected
intraperitoneally into mice on Day 14. On Day 16, the tumors
and livers were harvested and homogenized and bacterial

20 counts determined by plating serial dilutions. Results of

the relative distribution are shown in Table 20(H).

25

30

35
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phosphorylated formw thin the nelanoma tunors, thus reducing tunor size
and prol ongi ng survival of the mce. 16. 2. TREATMENT OF
B16F10 MELANOVA 5 C57B6 mice were inoculated s.c., left shoul der
region, with 5 x 10[err] B16F10 nel anoma cells fromculture. At 8 days
post-tunor inplantation some of the mce were further I nocul ated i.p.
wth 2 x 106 c.f.u. attenuated Sal nonell a typhi murium strains YS721,
YS7211, YS7212 WOX4EB83 (see 10 Section 18, infra) each car FEPHEPHIPRSC Hsv
TK gene. At 11 days post-tunor inplantation, GCV (ganciclovir sodium
CYTOVENE[ err], Syntex Laboratories, Palo Alto, CA. ) was inoculated i.p.
into groups of _mce (n=5 or n=10) under the follow ng treatnent
protocols: a) total dose = 7.5 ny/ nouse ay 11, 1.25 15 ng day 12;
2.5 ng_day 18, 1- - f BE)%QE“% S y
11, 2.5 ny day 12); c) total dFEMGR SPECIFIS ATCUMURAT(GN ©FY day 11, 1.25
nmg day 12); d)stotal dose = CLONESNBRBIEandl Y8721y INanCEL, 1. 25 ng day
12); e) total dose—t~25—rmyrorse 2 Sttt o—ar—t ey s
post -tunor 20 i npbwainati on (10 HMeypathogendact MNo. plathageos| at iRatip: al | ani nal s
wer e given enrofl oxacin anti bi ofg tive. 2 ng/ nl /giTantanei r drtumor fligemat er

(BAYTRI L[err]) a ntal ned. w,th thes antibiol1cC suppl e t 2
weeks. Tunor gro%ﬁms assess\gg' 21 5I i per ; gtstgiémants ? "%ﬁ)ut ed as
% e d‘$
X

volume in mm. Animals were 25 zed and as dea J he sum
of their tumpd® neasurenents, leh¥t et wi dt h 144 e bt , reach s mm - or
when  they became noribund (1idt§ §s1§),4 cessat iloP Xot9.dr i nki n?b'. .
The results obtained are illustPR&I%n Fi gur@-3 x1" H in Tabf/& l@(A). 30
35
YS$7211 1.4x 10° 2.6 x 10%° 1.9 x 108
1.9 x 10° 2.7 x 10° 1.4 x 10°
15 2.3 x 10° 6.0 x 10" 2.6 x 10°
1.0 x 108 5.0 x 10" 5.0 x 108

Extremely high levels of bacteria were localized to
these tumors, as well as others indicating that the
20 auxotrophic mutations retain tumor specific accumulation of
bacteria for a spectrum of tumor models.

21. EXAMPLE: TREATMENT OF Bl6F1l0 MELANOMA
METASTATIC TUMORS

25 Metastases constitute one of the major problems for

treatment of solid tumors. While larger tumors can be
detected and removed surgically, smaller metastases
constitute the untreated reservoir which is frequently the
cause of death. Therefore, an effective cancer therapeutic
30 should be effective against metastatic tumors.
An experimental metastasis model of B1l6F10 was set
up by injecting 1x10° CELLS into C57B/6 mice via the lateral
) tail vein on Day 0. Aliquots of 0.2 ml ¥S7211/p5-3 and
. ¥87212/p5-3 (¥S7211 and YS7212 each carrying the HSV
35 thymidine kinase expression plasmid) bacterial suspensions
(approximately 1 x 107 CFU/ml) were injected intraperitoneally
into mice on Day 5. Ganciclovir, at 0.1 ML aligquots
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- 103 - TABLE 19(A)

SURVI VAL OF C57B6 M CE | NOCULATED W TH SALMONELLA TYPH MURI UM HSV
TK GENE: EFFECTS OF GANCI CLOVIR 5 Ti me
Tr eat ed/ Contr ol Strain (n=) Vv &ws[aﬂ S.D. T/IC
Contr ol (10) -0- 25+0 1.0 -~ (10)
3.75ngy 27+1 1.1 YS7212 (10) -0- 42+2
1.7 10 YS7212 WO 96/4p268) 3.75ny 33+4 1.3 PCTUSIEI2ID/ p5- 3
(10) -0- 45+3 1.8 YS7212/ p5-3 (10) 3.75ngy
40+4 1. 6dissoN&R 13 PBS af 17p mg/ml (£inal dose: 10@mgZkg), was 1.3
YS7213 (10)1n3ecteégiﬂi%gmlce ind¥k erltoneall¥ 6n1§my372135ﬁ5r3 (10)

-0- YS721 g ng 33+2
1.3 YS721 1 progfﬁiﬁlon was mgnitored by p _p ic sacri 1%? d YS7211

(10) 3. 75mgxaminati3fm+4£ the lungs4 At &&G72B,1Apb-thd Bdimals were

?‘51)2 % 4 ?Qaé’.@l@ﬁe"@inﬁ (R nor]r_na.Sl and - ARiBE - bearlng?OI'iﬂ';gs we:.ght:'ed2

38+4 - 1 5 . Flgure 19 53 learly d@@qﬂﬁfrates thqg%gylmals ' 1”?
(5) 7.5ny inoculat¥i+eith ¥YS7212 carr@ingithe @Svdebyrndiost kinagsy gealel

| nocul ati on. (vs7212/p5- -31NgnAeh iy EPEALIE MR BEF JHRALEBRALL A Q70! S

for the B16F10 nelanona earing mce were as follows;
the number and extent of B16F10 lung metastases.

i0

22. EXAMPLE: DIAGNOSIS OF TISSUE BIOPSIES FOR
MELANOMA USING SALMONELLA TYPHIMURIUM

Diagnosis of melanoma according to the methods of
the present invention can be performed using, for example,
Salmonella typhimurium as f£ollows: A portion of a biopsied
specimen suspected of melanoma is minced with scissors in
tris-buffered saline (TBS) and then incubated in Ca**/Mg**" -
free saline containing trypsin, collagenase, and EDTA (Sigma
Chemicals) for 60 minutes at 37°C to digsociate the tissue
20 into individual cells. The cells are then rinsed free of the
dissociation enzymes by centrifugation. The cells are
resuspended in 1 ml DMEM/10% FBS and added to a 24 well
Corning tissue culture chamber containing cover slips in the
wells. The cells are then incubated in a gassed (5% CO,/95%
air) humidified incubator for 3 hours at 37°C to allow for

15

25
attachment to the cover slip.

After attachment of the biopsied cells is achieved,
an attenuated, super-infective, melanoma-specific strain of
Salmonella typhimurium (10°-10" c.f.u./ml) is added. The
bacteria and biopsied cells are incubated together at 37°C
for 15 minutes to allow for infection of melanoma cells by
the S. typhimurium, and the cells are then rinsed with TBS to

30

remove non-infecting bacteria. The cells are then
permeablized with 0.01% saponin in 3% bovine serum albumin
for 5 min, stained for DNA for 10 minutes with 2.5 mg/ml 4'-6
Diamidino-2-phenyhndole (DAPI) and saponin (.01%) in TBS,
washed with TBS, mounted in Mowiol (Calbiochem) containing 1,

35
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1) Ef fects of GCV on tunor-bearing animals 30 wi th no bacteri al

I nocul ati on M ce receiving nelanonma cells but no bacteria were
treated with GCV on days 11-12 post inoculation with tunor cells at
doses from 3.75 ng-10 ng/ nouse, dependi ng on the experinment. In all
trials, mce treated wth GCV but no 35 bacteria showed a small reduction

I n tunor volunme that was noti ceable within 5 days of GCV treatnent and
whi ch persi st ed WO#Rgh t he duration of the experinent, asPEHEWA1925

Fi gure - 104 - 11CGE GV

also elicited Snﬁdiml&lihb&égéwu@' Ble )Ia@m@ée@mao 1B3Ha%) V ahat bpEe s ayed

to that of non-treated cqn as out ed in Tablef’L ese
effects of GoVv i PP2%h&%8h £‘Fﬁf‘e§s5fnﬁﬁcT%¢]f%ﬁcqueat $HhPAEFERio? %é‘?&den

upon .5 dosage ostxin He thegytopldsadef the biopsied cEidsewpnldlindicate

denonstrate that él:hsﬁ: @%@l}laeﬁéldeianomsn@éwsed 1.8, tf&lq@%aeeaérénﬁtﬁechaae
had t he capaci t oxi.C

t hosphor ted
Consi st.ent V\# tl?‘y &hén m?l?%?"?%r?pecllgﬁﬁs fo'ﬂ'ﬁ’(?lf"ﬂg 4B rdiS %‘8?3??‘8?1 ?ﬁr?ltshe 10
B16F10 -nel anoma cedtiber ghaalneleaomysesi gni fi cantly suppressed when GCV
was supplenmented to the culture mediumat 25 [err]g/m, but not at 10

[err]g/mM as shown in Figu { 0 ce
beari ng C oudman S91 nel anéﬁﬁ %ONo_gi %%@&hﬁ?% T&GE%\P{G %{%FE[
with bacteria, are 15 reported

GCV on tunor-begring ani ne¥fRig exampde demonstrates fhaty IHfFbe&ira not
cont ai ni ng an HS\mdilod3itagBhéls targets to and proliferates in tumor cells when

administered to melanoma bearing animals.

C57B/6 mice were inoculated s.c. in the left flank
with 5 x 10° B16F10 melanoma cells. When the tumors reached
about 1-2 g (16 days post implantation of tumor cells) the
animals were inoculated i.p. with 7 x 10° cfu of Listeria

15

monocytogenes wild type strain 43251. Prior to inoculation
into mice, the Listeria culture was grown overnight in LB
media to an ODg,, of 0.25. At the times indicated animals
were sacrificed and the tumors and livers were removed,
homogenized and quantitated for bacterial numbers by plating

20

serial dilutions onto L.B. plates.
Tumors were analyzed at 24, 48, and %6 hours post-
inoculation of Listeria monocytogenes. Results are shown in

25 Table 20(1).

30

35
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When tunor-bearing mce were inoculated with 20 Sal nonella strains YS7211,
YS7212 and YS7213, none of which contai ned the HSV TK gene, and then
treated with GVC, GCV- nmedi at ed suppression of tunmor growth was evident.
Tunor suppression achieved with GCV was significantly greater than

that seen with the bacteria alone, even when the suppressive 25 effect of
GCV on B16F10 tunors in control animals was taken I nto account. This

i ndi cated that SHPA##RIS a typhi murium coul d convert GCV t FGT{li§96/16250
phosphoryl ated, toxic form w thout the HSV TK gene, perhaps through
endogenous phoaphutransrerase ENZynes [ Litrrer, et al., 1992, Nature 30
358:160-162; Sul livan et al..- 1992, NaturbABIER2GNS 364) Consistent with

t hi t t T
(his notion ves e PERHONGE (T noRC TP ESTReE

toxi c, shortenin - -
Toxi ci ty m ght §5 have resulted from producti on of phosphoryl ated GCV by

those bacteria ITeeated in nq.maénddyscgepes/gutissues | iver or bone  marrow.

-

- 105 - Post-inoc. Ef fects of on t unor - beari ng ani mal s
treated ~ with bact cont ai ni ng LHSV TK- pl asnmig@mor: Liver
Tunor - bearing mce inoculated with HSV TK pl asm d- contai ni ng Sal nonel | a
cl one YS7211 (YS7ZZH;IMr|95 3) showBd: ﬁ4supo’r essiaoth :Bf611xn‘m‘ gromwn and

pr ol onged surV|va even in tre t wn in
Figure 1l - 10FA&HE | ani maég %Zé)x oth orls 5 YS72 %H 5-3 and
addi ti onal I y treatggihigith 3. 75m -GCé/sshwsed S|5g'm|i ioc@xt 108

The results represent the average + SD of triplicate determinations.

1s As shown in Table 20(I) it was found that the
levels of bacteria within the tumors rose about 100 fold
during this time period, indicating that wild type Listeria
monocytogenes can target tumors and proliferate within them.
Listeria monocytogenes strain 43251 was virulent in the

20 ¢57B/6 mice, causing death about 5 days pot-inoculation i.p.
of 7 x 10° cfu.

24. EXAMPLE: LEISHMANIA AMAZONENSIS SHOWS TUMOR CELL

SPECIFICITY
25
24.1. LEISHMANIA AMAZONENSIS SPECIFICALLY
ATTACHES TC HUMANW ME TRO

Leishmania amazonensis trypomastigotes are regarded
ag being highly biospecific, in that they are unable to
infect virtually any cell types other than macrophages.

30 gsince human melanomas are known to express some macrophage-
like traits it was determined whether Leishmania amazonensis
would be able to enter into human melanoma cells in culture.
Leishmania amazonensis promastigotes were grown in
Schneider‘s Drosophila media (GIBCO BRL) containing 15% heat-

35 jnactivated fetal calf serum at 24°C until the parasites were
in late log phase (usually 3 to 4 days). Animal cells used
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suppression of tunor growm h above that seen in the absence of 10 GCV.

Usi ng YS7211/ p5-3 as a vector, GCV-nedi ated tunor Suppressi on was
evident in a dose-responsive nmanner when nmeasured 28 days post

i npl antation of tunors as shown in Figure 11-H Tunor suppression
correlated with increased average survival tinmes for sone categories of
GCV-treated, 15 tunor-bearing m ce when conpared to those inoculated with
YS7211/ p5-3 but W¥6/4088ei vi ng GCV. I n sunmmary: PCT/US96/10250|
tunor-bearing animals not inoculated with 20 Sal nonella, GCV had a small

suppressi ve effedh @Ret L¥mazonghoiw Nirhiftai ieAr 48dAtcderet & Wod@ilrelanoma

rol ongati on of i ;s - T r- i ' i 4 | at.ed
\?\/i th Sgl monel | a ?g&%o¥ﬂ(’:%n‘¥hallcr}ﬁ ﬁ°r‘ﬁ%e’“ﬁ‘§$}‘q‘$ﬁs€$§’r§"m gm@%we r?ralrr}%%g: b Elilm)r
suppressi on in ré®penSe7Ro mice, (RB&(EL.h&wos Beman mesashalkic 2 lasomer eglbd
with bacteria. |niadgi tm_ranasmezﬁwzpr&aa\atsi Qnfie@dtive beaitaanl maeire fodkskin
treat nent were I t : (0] | r ersi on
of GOV to 115 Colibrpplaing e CpAlbd Wikeerend B Hpk gl U SARETGR
liver or bone  SkafFBowPvelElips 1n 24 Weddr Phakes My o0 Rarstiadal-Fesd with
Sal monel | a conivand) nglided HRWMENK @lidsfed maliSen SHOWedost FOML tdaTgr

FUPDT SO0 | SRRRRECEO R ool 0% RS VELEDERE nepBRLLAT S

endogenous Sal nokek| BLeNgymed1pn and BEMHASEhY | fetedncalt GRvrun kHyfieved

using as a vecikwithone mm YBER2E] £O&NIMY RindgMbhe7 HRM1EK expression plasm d,

GCV- nedi at ed The Leishmania parasités]ég%é'pre-incubated for
about one hour with 5% normal human serum and the cultured
cells were infected with 0.5 to 5.0x10° parasites/ml for about
two hours at 32°C. After incubation the cells were washed

15 twice with phosphate buffered saline (PBS) and fixed with 3%
paraformaldehyde for about 30 minutes at about 4°C. An anti-
Leishmanial antibody was incubated with the fixed cells at a
normal working dilution (1: 100,000) in PBS with 3% bovine
serum albumen (BSA) for about one hour. After washing, a

20 fluorescent-conjugated anti-mouse antibody (Boehringer
Mannheim) was incubated with the cells at a normal working
dilution (1:500) for about one hour and then washed from the
cells. The cells were then permeabilized with 0.02% Saponin
(Sigma, a detergent used to remove lipids, thereby allowing

25 penetration by antibodies) in Tris buffered saline (TBS) for
10 min and stained for DNA with 5.0 mg/ml DAPI stain (Sigma)
in TBS with 0.02% Saponin. The cells were washed with TBS
and mounted on glass slides using Mowiol {CalBiochem) with
DABCO (Xodak, a compound that sustains fluorescent

30 emissions). The presence of internalized parasites was
determined by failure to react with an anti-Leishmania
monoclonal antibody in the absence of host cell membrane

- pexrmeabilization.

Observations made immediately after addition of the

. 35 live parasites using an inverted phase microscope showed that

among these cell lines, motile parasites were immediately

adherent only when they encountered the metastatic melanoma
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tunmor suppression and prol onged survival was denonstrated in a

dose- dependent manner, see Figure 11-H. 17. EXAMPLE:

LOCALI ZATI ON OF SALMONELLA TYPH MURI UM 5 W THI N HUMAN TUMORS
GROM I N NU NU M CE The foll owi ng experinents denonstrate
| ocal i zati on of Salnonella in human tunors in experinental animals.
17. 1. LOCALI ZATI ON OF SALMONELLA W THI N HUMAN

COLON TUMORS 10 WO96/40238 NU/ NU (BALB C) mice (9-10 weeks ol dPCHERS/10250
i noculated s.c. in tw areas (shoulder and flank), each with 1.5 X

10[err] HCT 116 heMs,Ccshggestding hbam thel metadidteic tdedls mappomsanseanf
pal pabl e, vascul :J#e A%&M}E@t)[fegeieef%me%hmznia. VWagkss Rl ARLSsHERE
] .p. : um

further inocul at \ X 10[err] 15 Sal nonel |l a typhimuri
super-infective cfoRé9¥3¢et}| carrying the HSV thymi di ne ki nase gene.
After 3.5 hours, 21 hours,To dexedmiiZe hdwwtheof or dac tthen Lebénaniar e

eut hani zed by ' it £, _ . o ved
aseptically. W858 yeold ggaitgg&ﬁalg&(oﬁﬂgnma&%mhaﬂ Se8le e gD

/ . .,9% , weighed, and h geni zed
20 with LB brot h S¥CYE r dpfesrasy with ’(%Wét%ﬁ%ﬁl’%gnﬁ?)‘.?e%n%gg?éb%%r s,
prior to honogeniwAah 08, psaraizemaldeRydariasr AFL fier eaboutr 20mowisthtiesomi thout

representative t %?gb%}%‘%ﬁ%ﬂe&hw&érfe§gnﬁngﬁaunosﬂ%§1@ﬁv§5&ﬁ S Hoéﬁbi%!ﬁael and

processed for andlys . el ectron .m croscope. Bacteria in
honogenat es wer e ¥5i8adRt $12aEED OV igndedfBante Huzface BRI G ng
over ni ght alo Foleowk&, byprnd rhodaini me- dondugatad adiomoese antibody.

Results were as ]h%ltleg\g?é%lg%%;’e;i?xaggféﬁ%%ﬁr gggfrﬁe (TF:S\B)?rﬁl%eQIS were

i nsignificant |evels I n_t ers, even when the
homogenat es wer e BSFREBRLIFRA WitEd0 oM SRPORAT AR 3% BSA 50T I HREC S af 707 3
days 3/ 6 ani nmal s stiaipkdyesr DNA gb hibwedes efitBa ndmed/md BN-6€ e apdlddnot 2H0r s,
wi th bacteri al mg%%ﬂgglﬁaﬁffé (D%‘p&?STﬂc?‘rlﬂioﬁﬂ UBpb R an098s 1 wddted (QEnt hese
animal s are Suls TrBISZ mouxei\teoéN ilnnM-ggnt?ole (Zcoa'lbigghem) containing 1, 4-
’ '
Diazabicyclo (2,2,2) octane (DABCO, Kodak) and cbserved by
phase and fluorescence microscopy. This procedure detects
all parasites and distinguishes between those which are
internalized (inaccessible to antibody staining in non-
20 permeabilized cells), and those which are attached but not
internalized.

Parasites were internalized by M2 cells (data not
shown). Internalization was estimated to occur in 3% of the
melanoma cells. These findings demonstrate that a) live

25 Leighmania parasites were able to enter the melanoma cells,
and b) possibly only a sub-population of the melanoma cells
were involved in the process.

24.2, LYSOSOMAL FUSION FOLLOWS INTERNALIZATION
ag OF LETSHMANIA BY MELANOMA

In the normal course of invasion of macrophages by
Leishmania, lysosomes fuse with the phagosome. To determine

whether or not this also occurs when Leishmania invade

melanoma cells, parasites were co-localized with a lysosomal
35 glycoprotein (lgp) marker. The cells were grown, infected
and fixed as described above except the cells were

immunostained with a monoclonal antibody directed against a
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- 107 - TABLE 20

DI STRI BUTI ON OF SALMONELLA TYPHI MURI UM 3 DAYS FOLLOW NG | NOCULATI ON
(1.P.) INTO HUMAN COLON CARCI NOVA- BEARI NG NU/ NU M CE

Sal nonel | a/ Tunor/ Mouse A gmtissue

Li ver Li ver 2.6 x 10[err] . Tunor 6.9 x
10[ err] 26, 500: 1 10 Mouse D Li ver 1.6 x

10[ err] TunoWO 96/40238 3.1 x 10[err] 2, 000: PCT/US6/10250bus e
E 15 Liver 1.0 x 10[err] Tunor 3.6 X

10[err] rrggolisos mal glyco r}f""ﬂAMISLf' HY18 o A)?fna el ectron
m crograph of a sect ?ro Ké ?ﬁﬁt on tunor eXC|seg om nouse A
(Tabl e r odamlne,conjugated antlmouse antibody. After washing in

. TBS, the cells were stained for DNA 10 minutes with 2.5 mg/ml

DAPI, washed with TBS, mounted in Mowiol containing DABCO and

5 observed by phase and fluorescence microscopy. Parasites co-
- localizing with LAMP-1 are shown in Figures 14A-C. Co-

localization corroborates the internalization of the parasite

and demonstrates that the process of lysosomal fusion occurs

when Leishmania is internalized into the melanoma cells. In

10 summary, Leishmania amazonensis in its wild type state shows
invasion ability for human melanoma cells that has been

heretofore unreported.

25. EXAMPLE: DIAGNOSIS OF MELANOMA IN EUMAN TISSUE
RIOP USING LET Z0,

Diagnosis of melanoma according to the methods of

15

the present invention can be performed using, for example,
Leishmaina Amazonensisz as follows: A portion of a biopsied
gpecimen suspected of melanoma is minced with scissors in
20 tris-buffered saline (TBS) and then incubated in Ca*/Mg*'-free
saline containing trypsin, collagenase, and EDTA at 37°C for
60 minutes to dissociate the tissue into individual cells.
The cells are then rinsed free of the dissociation enzymes by
centrifugation. The cells are resuspended in 1 ml DMEM/10%
25 FBS and added to a 24 well Corning tissue culture chamber
containing cover slips in the wells. The cells are then
incubated in a gassed, 5% CO,, humidified incubator at 37°C
for about three hours to allow for attachment to the cover
slip.
30 After attachment of the biopsied cells is achieved,
a melanoma-specific strain of Leishmania amazonensis
promastigotes which has been isolated according to the
. methods of the present invention is added. The parasites and
biopsied cells are incubated together at 37°C for about two
35 hours to allow for infection of melanoma cells by the
- Leishmania amazonensis and the cells are then rinsed with TBS

to remove non-infecting parasites. The cells are then
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20) in which the nunber of Sal nonella found to be 6.9 x 10[err]/g t unor,

and the tunor:liver ratio of infecting bacteria was 26, 500: 1. Shown in
the m crograph are nunerous Sal nonel | a typhimuriumw thin a vacuole in

t he cytoplasm of a neutrophil associated with the tunor. Sone of the
bacteria are 25 undergoing division as denoted by the arrow. The neutrophil
or pol ynor phonucl eol eukocyte is characterized by its nulti-- | obed

nucl eus (n). SalW@PE%%3® i n t unor-associ at ed neut rophi | s WASTEP¥A%Ren | n
i nfected B16F10 nel anonas as descri bed herein. The presence of bacteria

in both col on andermesbl tzrshwvithndr 0% ssrpicaisdimait bOphne ss¢pim @Mongin
infection of tAGYO 4 DE aki fift o, C8rSUGIe Hoy bRRtwitHe 258! ApNel |4 -gRY have

stinulated a host_.cel.l ul ar | ne.re ns t he, t unor . cells..
Enhancenent of t lFﬁ%T%’%gygﬁﬂégg%o@z&) and, SPRRPLB| (aoglv%a{ntlgggasl"n t he
use of parasites fg G@nmoinwesci Waghed wiidy FBSut meunredt dnsMowiol

- 108 - § (Calbiochem) contaiﬁigg 1,4-&%&%/515%9:,§AMEELA
W THI N VARI QUS u/ nu

HUMAN TUMORS N
(BALB ¢) mice (9-PPBRReEodikl) aRg: 8bser‘ferLﬁ§(¥§a'| BE23F angd LIHOY$RCINSE: shoul der
region with 1-1. sicrtéfepy] Thecpkesende tdfe DABFestaimndgnchneiaaplABuooLf
human col on car CighBi opsi&dl ckifs DUIBD iRk tE it @Ry GRbrel Gkl anBha hUMaN
hepat ona HTB 52 (Anerican Type Culture Collection). %hen pal pabl e
tunors devel oped,“*tH& nmice were inoculated further with 2-5 x 106 cfu
Sal monel I a typH® nurium clone 72 for animals bearing 10 human lung, liver,

and renal tunors, and cl ongs 72[pghibrE O'DIAGNOSIS OF HUMAN TISSUE BIOPSIES
FOR MELANOMA USING MYCOBACTERIUM AVIUM

Mycobacterium avium were found associated with the

melanoma cells but not with the normal melanocytes. This
15 discriminatory ability for melanoma cells demonstrates the
ability of Mycobacterium avium as a vector in the diagnosis
and treatment of melanoma. Diagnosis of melanoma using
Mycobacterium avium is as follows: A portion of a biopsied
specimen sugpected of melanoma is minced with scissors in
20 tris-buffered saline (TBS) and then incubated in Ca**/Mg**-free
saline containing trypsin, collagenase, and EDTA at 37°C for
60 minutes to dissociate the tissue into individual cells.
The cells are then rinsed free of the dissociation enzymes by
centrifugation. The cells are resuspended in 1 ml DMEM/10%
25 FBS and plated onto 12mm glass cover slips in 24 well plates
with 1x10° cells per well. The cells are then incubated in a
gassed 5% C0,, humidified incubator 37¢C for 3 hours to allow
for attachment of the cells to the cover slip.

After attachment of the biopsied cells is achieved,
3p 2 melanoma-specific strain of Mycobacterium avium which has
been isolated by the methods of the present invention is
added. The bacteria and biopsied cells are incubated
together at 37°C for 15 minutes for infection of melanoma
cells by the Mycobacterium avium. The cells are then rinsed
35 with TBS to remove non-infecting bacteria. The cells are
then permeablized with 0.01% saponin in 3% bovine serum

albumin for five minutes, stained for DNA with 2.5 mg/ml 4'-6
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ani mal s bearing human colon tunmors. Clone 72[err] carries the  HSV

thym di ne ki nase transcription unit. After 66-96 hours the animal s were
sacrificed, and the tunors and livers were renoved and wei ghed. The
tunmor was honogeni zed in 5 vol LB 15 broth/gram wet weight tissue.

Honbgenat es were quantitated by serial dilution on LB agar plates for

t he nunber of 9& Q&ri a. The results are presented in Tabll;a 20 6,61\2025aond
represent the averagé€ standard deviation for n:SLVAfNSE: Bﬁ/: amE >IN NU NU
TABLE 20( A | ODI.STRI BUTI ON_OF _.SALMONELLA TYP : 3

M CE BEA(RI ?\IG HUI\ﬁﬁm(’:Eﬁ&? e iadple NRAPICCRRA, S3RHRY ( - O1% AN TBFEROT

Sal nonel | a/ g ti Suein@6ePy iwwahed with TBS, mounted in Mowiol (Calbiochsamir

Tunor : Tunor 1HARY 1, 4-Di iedd N2, 2, 2 dbaBcq, kdda%§'
lung - 3. 21. 4cxont8%err T4 D%éﬁ%].o%’,?(}éllO[ue(rr]z )406%§%w AB(?‘>20:K1 K7
car ci rona coI%‘r‘ft obsezved by, phaperpd fluorgsgenes miGresFppY 4288
4300: 1 30 car & mae@encehepDARTast8id lin xhEOfcgtoplasm ofbthe Bidbsicd|cenls

10329+  120:1 woul@Nghdicatel thhtBtdey Uet'd helanodh & :i'&gx 10[ err] 10399
230:1- carcinoma 35 As shown in Ta%?e 28— ., when i nocul at ed

I.p. into nu/ nu mce, Salnonella typhimuriumclone 72 was able to
- 109 - 27. POSIT © CROORGANTSMS

The following microorganisms were deposited with
10 the American Type Culture Collection (ATCC), Rockville, MD on
June 1, 1995 and have been assigned the indicated Accession

numbers:

Microorganism ATCC Accession No.
Clone #70 55686

b Clone #71 55685
Clone #72 55680
Clone #72%32 97179
Population #72P%? 55684
Population #72r%2 55683

20 Population #14028P°P-2 55681
Population #14028P°P-2 55682

The following microorganisms were deposited with
the American Type Culture Collection (ATCC), Rockville, MD on
25 May 29, 1996, and have been assigned the indicated Accession

numbers:
Microorganism ATCC Accegsion No.

Clone YS721
Clone ¥S7211
30 Clone YS87212
Clone ¥S7213

. The following plasmids were deposited with the
American Type Culture Collection (ATCC), Rockville, MD on May

35 29, 1996, and have been assigned the indicated Accession

- numbers:

Microorganism C i No.
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target human carci nomas of the |ung, colon, kidney, and liver, and
proliferate within them generally, but not al ways, reaching |evels of
10[err]-10[err]/g tunor. In the BALB/c nu/ nu m ce used, the skin was
hairless and translucent 5 allowing it to be determ ned visually that all
the tunors were vascul arized. The ranges of wet weights of the

Sal monel | a-i nf e(%by jrors were | ung carci noma, 220-600 ny; col on

carci noma, 160 %ﬁ'{’# hepat oma, 70-120 ng; and renal car c PREHES1GE. 250
ng. 10 Bacterial colonies were picked randomy fromliver and
tunor honogenat es obtRE@&<Br om renal carci nora-—and- hepat oma- beari ng
nu/nu mce 96 hrs pogich-seeul ati on of cl one 72 and tested for phenotype
by replicate plating. Sﬂ) honogenat es tested, 50/50 col onies were
found to be Ade and Xy err] consi stent wrttrttre—cl one 72 phenot ype.
The results further support the notion that derivatives of Sal nonella

typhi murium ar & useful asThe Lhes@pieu ctaVféd Ahd ﬁeécﬁw@%@réﬁﬂgﬁ @otsol id

tunors, i ndep e,tunmor _otig or_ si, ver tudi es 20
Sal nonel | a cl onegggg ﬁ%gd%;rll Va %evég kg? JREd éﬁde& %ﬁ’ﬁﬁ%ﬁ é%lr%“t hi n

hi ghly vascul ari ééﬂCkQﬂ%‘r sinseskhage gobgdiments] @@enintendddeasase of hunman
tunors in nu/nu EiDEstrativakl of sdwdFaNSaBhedtsS o ¥Bhé Nt oReCr fddedar eas

in the case of Shd 1 /B6, m c The a to target and
25 anplify within snaq‘rﬁlgl\?gg%g{;arl s °F CEr%?sm&e géﬁ?s B atﬁdlg‘ttllﬁﬂ those
advant age of &4 Aot 1aad deRrrikedihersin vher hecome cappansnt toyehass .

éz\ l\/:é]\l LA tﬁl\_{:DMIEI\d 3 Ehﬁ@_ﬂg‘f'\z/%ncgﬁ@%\éggfn§odescrlptlon Such
A549 bt iR AT AR ABECRSE tonFphL TSN B gRgEe OF

region with 5 x 1o arpegded| F‘salfﬁter 6 weeks the t umor was pal pabl e and
the ani mal was inocul at edai . fumbéat ibﬁréfé@émes 2k nenadd %etr)é@fil n&Hé um cl one

72, for 66 hoygs, ficed _an u
was honogeni Zeg andﬂ% %?oun e cont §'| 16 % lfﬁ%??ﬁep?:ﬂt :IPSHSHIa £1F chel?’
t yphi muri uni g. Teetirety, by reference.

20

25

30

35
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- 110 - central portion of the tunor was prepared for

el ectron m croscopy as follows: The portion of the tunor was cut into
1-2 mmferr] pieces and fixed in 1/2 strength Karnovsky's fixative for 6
hours at 4[err]C, foll owed by washing in cacodylate buffer 5 overnight.
The tunor tissue was post-fixed with 1% Gs(err] and 1. 5% pot assi um
ferrocyani de in cacodyl ate buffer for 2 hours and enbedded in Spurr's
resin. U trat hiWO86¢23%ns were stained with uranyl acetat®T4361%3
citrate. They were phot ographed t hrough a Zeiss 109 el ectron m croscope.
It 10 should be noted for conparison pURERENES LISTRNC t he S. typhi murium
shown in the electron mcrograph of Figure 12-B appear simlar to those
shown previ ousl y(1i) neENerae SivForabTIoN: epithelial cells foll owi ng an
experi,mental infectiQ ) us Takeuchi, 1967, Am J. Pathol.

50: 109- 1361. 15 & AQ;LI%M:::{&%,MM- B are numerous Sal nonel | a
typhi muri um dgnoted by arrows toy.nkeneetpBedokall ar spaces as wel | as

contai.ned within a ginGhfsCal hvePQsS! bhotoms ror HRUSAGRIEEY ans @Rkt he upper
|l eft. Al so seen in the fiarl LD TeMoRs tiwcLUDINGOENANOMA ed cel | s t hat appear to

be dying as 20 i ndi(ﬁg} fog%méw racel l ul ar space, along with

cellul ar debris. ATTENUATI ON OF SALMONELLA
TYPH MJRI UM BY (iv) CORRESPONDENLH |PDPREFEH) A%E‘J?@T ROPHY 25 The

studi es bel ow dermonstratd SHAE. tiac avnelt tnyhdeuiaace of clone 72 (see,

e.g., Sectionid5.2 above;t; cErye rew Yf}ﬁ?; a Pur[err] phenotype. Further
i STATE: New Yor
descri bed are anal yses (}2) GOUNTRY: U.S A
(F) 2IP: 10036-2711

(v} COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
15 (D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: To Be Assigned
(B) FILING DATE: On Even Date Herewith
(C) CLASSIFICATION:

{viii) ATTORNEY/AGENT INFORMATION:
(4) NAME: Baldwin, Geraldine F.
(B) REGISTRATION NUMBER: 31,232
20 {C) REFERENCE/DOCKET NUMBER: 8002-036

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: {212) 790-9%090
(B) TELEFAX: (212) 869-9741/8864
(C) TELEX: 66141 PENNIE

(2) INPORMATION FOR SEQ ID NO:1:
25
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA
30

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:1:
GATCATGCAT GGCTTCGTAC CCCGGCC 27
. {2) INFORMATION FOR SEQ ID NO:2:
{i) SEQUENCE CHARACTERISTICS:
35 {a) LENGTH: 28 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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avirulent derivatives of clone 72 that were isolated as addi ti onal
auxotrophic nutants, expressing in different 30 conbi nations the phenotypes
of Ade[err], Ilv[err], Arg[err], Aro[err], and Uralerr].

18. 1. MUTATI ON TO AUXOTROPHY Cl one 72 was exam ned for
auxotrophic nutations and 35 was found to have growh requirenents for both
adeni ne and yitamn Bl , indicating a nutation(s) in the pyri

bi osynt hetic pé‘f%%é‘\? EPur[err]) An experinment was desi gneg&’{?&amsu

test whether the ade nutation could account for the observed attenuation
of clone 72 descri Btd XBEGEE B8HuPHt i ons of both wild type strain 14028
and clone 72 were nutagenized with W radi ati on and nitrosoguani di ne as

described in Section 7.1X. 5 Fromthe popul ati on of nutagenized strain

14028, three SeRahabRubite] REEIpRN ObEP P NG 27Ut ant ¢l ones were isol ated
and desi ghat ed cl one From t he popul ati on of mut a eni zed

cl one 72, threga@%%ﬁ%?é’“ﬁﬁ%@?rﬁ“ﬁeﬁ%rtant cl ones wer e i sol at ed 2and
desi gnat ed cl ongs) B»wob}/maadpw sEd) 1D NO:3: C57B/6 mice were injected i.p.
with 2 x 10[err] c. Sal nonel | au é/phl muri um of each of the strains
obt ai ned. The m éié 3@9@{ gi%ﬁ@%ﬁaﬁ é@,ts and drink ad libitumand the
cages wer e noni t or ed(sh OrYPElc avekleic mim bund m ce. Moribund ani mal s
(listless, cessation of (% ricRBIcRey 1 el B9tut hani zed and counted 15 with the
ot her dead. After 10 or 30 days post-injection with bacteria the

survi ving ani¥l s WeHeMEEFHA PR DNA The results are shown in
Tabl e 20(B).

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CTAGACTAGT TTGTCAATAA TGACAACACC C 31
15 {2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA
20

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
GATCGGATCC TTGCCCGGCG CGGCEGCCTG 30
{2) INFORMATION FOR SEQ ID NO:5:
25 (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CTAGAAGCTT ATAAGGGTTG ATCTTTGTTG TC 32
(2) INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 31 base pairs
35 (B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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WO 96/40238

{ii) MOLECULE TYPE: DNA

: {xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

5 GTACGATATC CAGAACGATG TGCATAGCCT G

L4 {2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: unknown

10 (ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

Tyr Thr Ser Gly Tyr Ala His Arg Ser
1 5

15 (2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 6 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

20

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

Ser Gly Tyr Arg Ile Pro
1 5

(2) INFORMATION FOR SEQ ID NO:9:

25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GATCATGCAT GTGGAGGCTA ACAGT
- {2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
¢ 35 (B) TYPE: nucleic acid
- (C) STRANDEDNESS: single
{D)} TOPOLOGY: linear
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TABLE 20( B) SURVI VAL OF C57B6 M CE | NJECTED W TH DI FFERENT

AUXOTROPHI C MUTANTS OF SALMONELLA TYPH MURI UM

Time of Death Survivors Survi vors Strain Phenotype

(DaysS. D.) > 10 days >30 days 14028 wld type 3.00.5

n. a. n.a. 10 72 superinfective, ade 5 8[err]l. 4

n. a. n, a. R 72, Purferr] 3.90.4 n. a.

n. a. U WOS64023p, 3.91.3 n. a. PCT/US96/1025,, 3.

15 w 72, Pur[err] 4.1 0.9 n. a. n. a.

T 14028, Pur (ii) MOLEcULE GryBH:. fna n. a. n. a. N

14028, Pur n. a. ' 4/ 8 n.d. 20 O 14028,
Pur[err] n. a - 5/8 n. d. YS721 72, llv

n. a. 10/ 1 YS7211 72, 1lv, Arg[err] n. a. .
8/ 8 71 éx"Z%EQU%’? ?f%cnn’/”}w ‘| $ER TOAMOSRG; 1 | n. a. 8/ 8 -
8/ 8 YS721% c¥ssprdeAw caddcascee crecaandaca. 8/ 8 306/ 8
Results are the average SD for n =8-12 aninals n.a., not applicable; ‘
n.d., not done. 30 As shown in Table 20(B), Clone 72 was |ess -
vi rul ent than the wild type strain 14028. However, 3 of 3 Pur[err]
revertants of clone 72 (U, W and T) expressed virul ence simlar to

14028. Conversely, 3 of 3 Pur[err] auxotrophic nutants i solated from

strain 14028 (T, N, and Q were less virulent 35 than either 14028 or clone
72. 10

15

20

25

30

35 )
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- 113 -

clone 72 prod
YS721 is an isol
72, and clone YS
Simlarly, auxot
(Arg[err]), YS72

significantly |WOH2] | ent t han YS721 itself.

EVI DENCE THAT TH

CLONE 72 | S CGENETHEAEEY-—16 B-SH-NEFROMF5—

| sol ation of additional auxotrophs
uced even less virulent strains. For exanple, clone
euci ne-valine requiring (Ilv[err]) derivative of
721 was significantly less virulent 5 than clone 72

from

cl one

rophi c derivatives of clone YS721 such as clones YS7211

12 (Uraferr]), and YS7213 (Aro[err]) were all

E SUPERI NFECTI VE PHENOT YPE

AUXOTROPH C PURI NE : MICROORGANISMSENVENT

vari ous Sal nonel
above ,in Section
nmel anoma cell s
descri bed in
Tabl e ,20( C) .

| NFECT.l VI TY TOWA
MJUTANTS OF SAL

N & WENTIFICATIONIB OBFR®TI N vitro i nfection assay enpl oyed
e C tuitiadRepckid arclidantified on an additicnal sheet *  The results are descri be

LARL L 20/ O\ 20

| 1Bophodalehe K dlodddT Wt hifedorbabismPRibha £ L olorad sho, tines 1-85lof vl lsdaktpridd €S C
18 1 WoI-6—a S-S AYB St t-R Bt a Bt —t-0—-R{-8 6t—hu

PCT/YS96/30250

OF

The
Fi bed
an M
has as
0l in

LI =] ey nany LU\ \.Il —J

[Nap ghfegepicrypnsipor ANOVA CELL | N VI TRO BY VARI QUS PU
FAnterian TG Galedtibyl

| NE

Address of depositary institution {including postal code and country) *

12301 Pasrkiawn Drive
Rockville, MD 20852
us

Date of deposit® Juns 1, 1995 Accession Number* 55686

B. ADDITIONAL INDICATIONS ° Geave blank if not appiicable). This information is contirewd on 2 s2p hed sheet

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * s it we ax 134

i dmad

D. SEPARATE FURNISHING OF INDICATIONS * geave biask if nox applicable)

Tha indications listed below will be submitted to the internstional Bursau Iater * {Spacify the ganarsl nature of the indicationg e.g.,
"Accassion Number of Dapasit®)

el

£. B'l/'hxs shect was received with the Internationa] application whea filed (1o be checked by the receiving Office)

-

Authorized Officer)
[ The date of receipt (from the applicant) by the International Bureau *

was

(Authorized Officer)

" Form PCIIRON 3% (January 1981)
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I nfecting Sal nonel | a/ Strain Phenot ype 10[ err] mel anoma

X wld type 25 cells/15 ( [err] S.D.)
14028 wld type 1. 0+0.2x 10[err] 1. X 72
superinfective, ade 9.8 [err]0.7 x 10[err] 9. 8x R 72,
Pur[err] 5.91.4 x 10[err] 5.9x 30 U 72,
Pur[err] 1.1 0.2x 10[err] 11x W 72, Pur+
1. 1[err] 0. 3x 10YVQ/96/0238 11x N 14028, Pur PCTUS96/10250
1.9[err]0.5 x 10[err] 1. 9x Q 14028, Pur
1.51.0 x 10[err] 1. 5x T 14028, Pur
1.10.4 x 10[err] 1.5x 35 Results are the average SD for
triplicate infect|,Q0sions Affced@et R4 @, were cultured in LB broth to
ODerr] = .800 prior to their dilution and use in the infection assays.
- 114 - Form PCTO/ 34 {cont.) As shown in Table 20(C), Cone 72
di spl ayed super1 nf eIV fy' toward human M2 nel anoma cells conpared to
Wl d type strain A-dg@sgTwiNome cobeitnhe 14028 Pur[err]derivatives differed
significantly in | j fe%t_ivity fromstrain 14028 5 itself, and all of
the clone 72 Pur [ gk ,ﬁéﬂsﬁti ves expressed superinfectivity simlar to
clone 72 itself. udfhe results denonstrate that the purine requirenent
exhi bited by clone 72 whi ch accounts for the reduced virul ence of clone
72 in mce, is genetically separate fromthe superinfective phenotype of
10 clone 72. These results denonstrate that neither nutation to nor
reversion frompurine guxotrophy effectsyexpgessi on of t he
superinfective phenoty'ﬁ%gklﬁact eristic i%(ﬁ'g%}e 72.
55680 June 1, 1995
97179 Juns 1, 1985
55684 June 1, 1995
55683 June 1, 1995
55681 June 1, 1995
55682 June 1, 1988
May 29, 1996
May 29, 1996
Msy 26, 1996
May 29, 1996
May 29, 1996
May 20, 1996
May 29, 1996
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18. 3. RETENTION OF THE S : ,ﬁg NOT; E1'
BY ATTENUATED DERI VATI VES oﬁmﬁé 'S6

o T T oM e
S d

above in Section 18. 1yWaS asSesse nvitro  rThe phenotypes of the

cl ones of Sal nonel | a eva|@Aradng(fle: R topaged, "20(B) in 20 Section 18.1
above. | nfecti WoOys/#R3say sidestact bedpaged See»t 1o(pgged 40 [L wer e EriByEas0

The results are present ed.in-lable-20(b)

TABLE 20(D) 25 :NFEGE MTda [RALMONELLA TYPHI MURI UM AUXOTROPHS ~ TOMARD

)

HUMAN MELANOVA CELCLCS TN CULTURE .

Sal monel | al Strain . 1- A biolegigady pursnGRiEwRs 1% T%cﬁ??lrg%“\ﬁmﬁd
type . 14028 (seletted@pEiom the following strblherr | 1.0x 30 clone 72
4.4 x.10[err] mi¥oorgatli@RE Y5721 ATCC Accegsidn folO[err]

7. 4x cl one YS7211 2. 10 err] (X cl one
YS7212 5 Salmonelia7typhypusium stralh ¥ cl on55§§9213

1.3 x 10[err] Salmor&maxtyﬂﬁriﬂmumesutam ruerpr esent t he &%€B&ge + SD for

10-19 separate | B fddedn (G BE-UB ra 0T OWN [N lsBeBpoth Lo
O Dlerr]=0.5 before e|n uted prior to thej uselnthelnfectlon
assays Salmone11d tYPth’S%Z’I%ﬁEF?H‘ tVﬁ | furi um cl §H&d%vs721,
YS7211, and Y& Dicheltl ko tighh baoh upo et #149381Rf ect | v&5684M2 nel anonma
10 Salmonella typhimurium strain $#14028°°2 55683
Salmonella typhimurium strain $#72°%®* 55681
Salmonella typhimurium strain #729°°2 55682

Salmonella typhimurium strain ¥YS721
Salmonella typhimurium strain YS7211

15 Salmonella typhimurium strain ¥YS7212 and
Salmonella typhimurium strain YS7213

2. A plasmid encoding the Herpes Simplex Virus
’ thymidine kinase gene designated pTK-Sec3 and having ATCC
20 Accession No.

3. A plasmid encoding the E. coli cytosine
deaminase gene designated pCD-Secl and having ATCC Accession
No.

25

' 4. A plasmid encoding the human p450
oxidoreductase gene designated pSP-SAD4-5 and having ATCC
Accession No.

30 5. A method of treatment for a solid tumor
cancer, comprising:
administering an effective amount of an isclated
population of tumor cell-specific microorganisms to a
patient having a solid tumor cancer.

6. The method according to elaim 5 wherein the
isolated population of tumor cell-specific microorganisms is
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cells than clone 72, were nonet heless superinfective when conpared to
wld type strain 14028, indicating "m Mﬂ rtial 5 retention of the

superinfective phenotype. In contr ﬂ HﬂlﬁlS (Adef[err], Ilv[err],
Aro[err]) was found to have greatl tivity, being about

30-fold less infectious toward MZ rrel anona ceIIs than the wld type
strain 14028. 10 18. 4. GROWMH OF PUR[err] AND URA[ e

MUTANTS OF WO 96/40238 SALMONELLA TYPH MURI UM W ?ﬂ doNAL
ADDI TI VES OR EXTRACTS OF B16F10 MELANOVA Tunor extracts were

prepared in the &olisiatgd poprlafdon BEGF‘&WFWP%%%V%U%’IW&FP%I(S X

10[err]) were |rr9b§@;u_eid: micBoSrgddilshs@8 week fenmale C57B6 mice. After 3-4
weeks, the 15 mice were sacrificed and the tunors renoved aseptically and
rapi dIy frozen, -20[err]C_ A total of 51 g of frozen pool ed tunors was
thawed at 4[err]C and vi g8rousThe metbgénacerrdingotg ¢laim 6 whepein e r] o

in a capped Vi st bﬁpét&&it@cﬁmgamnw celltfgedilid popilitibohasr. The
resul ti ng honogen was made 10% with 20 trichloracetic acid (TCA), placed
on ice for 15 m?igl %nu §ﬁd centrifuged in a Beckman J21 centrifuge at
about 20, 000x g for 15 mnutes at 4[err]C. Further procedures were

conduced at’ room t enpegat uUrtne T&&h@kﬂeaécoﬁdﬂngr tess1sitper wte@ainftn&ct i on
(300 M) was reta extr cted manu W th
SRS, BoRM G St BhpERual 30AKLA0Ld ofidd A FhIMA S

1 vol ume (300 m? Factions, the mx ures
were allowed 18 settle and the upper phase (cont ai ning ether, extracted

TCA, as well as et her - 99l ubfige GRENRANEScoFdiMigt BO &14in E¥hegein RS

renoved by asghﬁatl n ag%gg Scal de_;L% Pgéguﬁ&. %lpg;c&(ggglt%wt OQE?Q%&J["Ly 30

protective proce suc raction
wat er phase rosedegees £oIpPared ngP \FhIf{SPé‘ srtemnied PﬁPP Yaipny f naI val ue of
pH 4-5, simlar to that of distilled Herr]O |nd|cat|ngthat t he TCAhad

T oot Tor 587 VS 40, B U RS UTL LS ydShi e
di sappear ed. isolated population of tumor cell-spegific mlcroorganlsms is
selected from the group consisting of Borrelia burgdorferi,
Brucella melitensig, Escherichia coli, enteroinvasive
Escherichia coli, Legionella pneumophila, Salmonella typhi,
20 Salmonella typhimurium, Shigella spp., Treponema pallidum,
Yersinia enterocohtica, Chlamydia trachomatis, Listeria
monocytogenies, Mycobacterium avium, Mycobacterium bovis,
Mycobacterium tuberculosis, Mycoplasma hominis, Rickettsiae
gquintana, Streptococcus spp., Cryptococcus neoformans,
25 Histoplasma capsulatum, Pneumocystis carnii, Eimeria
acervulina, Neospora caninum, Plasmodium falciparum,
Sarcocystis suihominis, Toxoplasma gondii, Leishmania
amazonensis, Leishmania major, Leishmania mexacana,
Leptomonas karyophilus, Phytomonas spp., Trypanasoma cruzi,
30 Encephahtozoon cuniculi, Nosema helminthorum and Unikaryon
legeri.

11. The method according to claim 5 or 6 wherein
the isolated population of super-infective, tumor cell
35 specific microorganisms is selected from the group consisting
of Salmonella typhimurium strain #14028P®?, Salmonella
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The solution was then filtered through a 0.2 mcron WO

;
aliquots and either used directly in the assays herei n,l- u !('m,
-20[err]C for further use. WIld type strai m”m
auxotrophic 5 derivatives clone 72 (Pur[err], vitamn Bl[err]), ahd sYS?212
(Adef[err], vitamn Bl[err], Ilv[err], Ura[err]) were grown overnight on
a slant in 5mM Luria broth (LB) at 35[err]C. The next day 0.1 m of
each cul tur eVRA¥4HS yted into 10 M of Medi um 56 (0.037 /US96/10250

KH err]PJ err], 0.06 M Na[err]HPq err 0.02% MgS err]-7H err] O 0.2%
(NH[ err]) [ er r] SCha@hdmurd up0gosaday N@@??T%’frerﬁailmﬂ?ge yrigEgElym strain
FeSO err] - 7H er r§Qrrsupplie peTh&ib Miat Byph fmizcnim gtfhin grgeeanin Bl, 33
[err]g/mM adenine, 50 [err]g/m wuracil, 83 [err]g/m i sol euci ne, 83
[err]g/m valine and 0.3% gl ucose, and grown on a rotor overnight at
37[err] C. The next day th&2culThe @sthed caccorddnpet® ctllaiyn GeWherdimydtticon and

resuspended i nspistlatkd populdeivh ot ShpétHinfeetples undr WeUl Ushd)fic
Aliquats (0. Zﬁc@g)agg%n%g\ﬁ%eissus oﬁgg%% s were then added to Medi um 56
e SN I

cont aini ng vari ous ) Yowi ng manner: A Medium 56
pl us gl ucose; B. (ajedeupesiigplauseyl veddaireyplani splEE tapen gancer to
i sol eucine, 20 val i ng, madebdtiaglibm £ a tike sufMBchiemeS8o afKht WHe

extract (109 . The bacteria were placed i irling Herr]Q bath, 37C,
and growt h as a functigﬁcﬁ?ofaﬂ[nérsg] c%sl’}%cl%oﬁg t\:/\‘nknt'% ézLﬁS' ar?&“
spect rophot onkfer. TH®)st dselaking B papulitisin Pésseper winfestiys, tthumor

cultures ranged from 0. 00ge91 Ospecific microorgafisselePRsH tHetinféotdd dedl
15A-C, wild type strain %4028 was able to proliferate at about the sane

rates in all three of FWEWti a tested, including the most basic of the
three, Medium 56 plus glucose. Unlike the wild type strain, 30 neither

clone 72 nor clone YS7212139as P eheltfodr &¥e¢draiMgdidNtlaind® Rhese b UGRSE,
[ Lginal l.y _observed through

Fepl { cated i AP o ca ppRTet L0 Es ERRE iy B SRS mr R 150
were able to graaraduced by:

{a) exposing a microorganism to tumor cell conditioned
medium for a time sufficient to allow the
microorganism to chemotact towards the tumor cell

20 conditioned medium; and

(b) 1isolating a population of microorganisms which
chemotacts towards the tumor cell conditioned
medium,

25 14. The method according to claim 6 wherein the
isolated population of super-infective, tumor cell specific
microorganisms is produced by:

(a) exposing a mammal having a solid tumor cell cancer
to a microorganism for a time sufficient so that

30 the microorganism can infect the tumor cells; and

(b) isolating a population of super-infective, tumor
cell-specific microorganisms from the infected
- tumor cells.

. 3s 15. The method according to claim 12, 13 or 14
- further comprising: :
R
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Medi um 56 suppl enented with 10% t unor—ext+aet—tiver 35 extracts prepared

in the sane nanner were also able to aTaldyae wth of clones 72 and
W
Al t hough the inventors do not wish to T » a specific nechani sm

of action, since the gromh state of auxotrophi c strains of Sal nonella

I s dependent upon the availability of nutrients, such auxotrophs would
seemto have G5wWe®6IBhges as tunor vectors since the envir OFTBRFPYHRSY he
tunmor could in theory provide such nutrients, for exanple in necrotic
spaces or within activel ysdbyéckiry taklsiofodrgenismt toromutagenesisniefioren of
organi sns such as Salnnnegkggtﬁg auxotrophy not only reduces their

virul ence in vivo but al so y provide a potential mechanismfor their
sel ective popul ation and anplification within solid tunors.

18. 5. PROLI FERATI ON Ok e PURf10¢ mjetAbD AfAjreiing S&/TdNER OB, 13 or 14

SALMONELLA TYPHI I \ / MELANOVA CELLS I'N
S Ml RS i

CULTURE 15 f denonstrated that the i_nt er nal
mlieu of cultured Matel ZABAALERT IS$eRFsiRL ANdaI(BY @ degigsdynppeer of

auxot rophi c requirenents e@fimtese cl ones, since both clone 72 and cl one
YS7212 were able to undergo several rounds of division once they invaded

M2 nel anoma cells 20 cul tured under aerobic conditions.,
Sal nonel I a typhi nurium cl 3des 7o HiREhod79qc0Rdng to gl Syoley O3 or 14
[err]=0.8, or jabguérdi} @he] s61id kumdr. ceThecdnuerstisanelanoma cancer.

18. The method according to claim 5, 12, 13 or 14
wherein the solid tumor cancer is colon carcinoma cancer.

is 18. The method according to claim 5, 12, 13 or 14
wherein the soild tumor cancer is selected from the group
consisting of lung cancer, liver cancer, kidney cancer,
prostate cancer and breast cancer.

20 20. A method of treatment for a solid tumor
cancer, comprising:
administering an effective amount of a single colony
clone of an isclated population of tumor cell-specific
microorganisms to a patient having a solid tumor cancer.
25
21. The method according to claim 20 wherein the
single colony clone of an isolated population of tumor cell-
specific microorganisms is a single colony clone of an
isolated population of super-infective, tumor cell-specific
30 microorganisms.

22. The method according to claim 20 wherein the
super-infective, tumor cell-specific single colony clone is
attenuated.

35

23. The method according to claim 22 wherein the

attenuated clone expresses an altered lipid A molecule.
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were then added at 10[err]c.f.u-+m—culture m=d|a of human M2 mel anona

cells as described above in Secti m nutes 25 after infection
with Sal nonella, the eukaryotic '{lﬂﬂfl "ﬂ, ﬁ!)"‘!l’ware rinsed with fresh
medi um and medi um cont ai ni ng -‘ rijg/m) was added. At
hourly intervals over a hour peri od, Cultures were processed as
described in Section 7.2 for quantitation of Sal nonella/10[err] nel anona
cells. 30 In adwiovéem3s control flasks without nel anoma cel | SPEIVHSIHIRTY
bacteria were processed side-by-side with the experinental fl asks

cont ai ni ng nel anoma cel | 524 The method é@'t%rﬁ@ﬁ%'@& AlAmS ROWhére 1l ghee
15-D. Control fl asks gn Sal, rrr‘ﬁ out meltang celzl,sdes#%ged
no 35 viabl e bacddr 425§ r°]t Bﬁ?s " 8d SHERBITT &€ AgTERET

wash procedure ommmaeddmmragmn-antemmaméaﬂmﬁt

- 118.- successfully elimnated all viable bacteria not
prot ected by | ocation within ani cel In contrast, in the, sence
of M2 _mel anone®cel |'s, Salfdneld gﬁ?ﬂﬁ?‘iﬂﬁd&f’gn‘é% AR, 40 W h%’ffl)f Sach

i ncreased signi fs’imgilel golonywiltee ofeant impl@atkRdupopil gidiono dfwkvhor edlli-ng

times of about (ﬁ.cf ﬁ{cmﬁﬁgﬁhnls selpé&%@ %Ql‘@b&@ﬁpn&&ﬁﬁ%ﬁlﬂg
anal yses dem)nst at e nel anona ce

conpart ment al i ze?% rﬁ%’é’terzﬁﬁ bur%%ﬂrr%ﬁér | Br quﬁ'lanmviﬁﬁﬁl'se’sg ’Fﬁ@hfﬁéﬁlﬁ%
i ndi cate that theolz, @ﬁtet@imaﬁw@r GetheniclSa cohé) | Begdansildat he nel anoma

cells 10 was LI? Ei‘&e %%de@ﬁa Eﬁfsllzfctgaﬂﬂoﬁgflé‘béﬂziﬂﬂhugﬁuﬁihe

mel anoma cell s t0 bot ate growt { ea otl: t hr hthe
supply of nutrit¥igsl keﬁ&?rer@?ﬁl‘?"e% %h %ﬁ?}[ﬁ"é:f "Fﬁggg owt h of

t he auxotrophs tthbinghiiantradixmtagriisal Listeria monoqytogenles, Mycobacterium
avium, Mycobacterium bovis, Mycobacterium tuberculosis,
Mycoplasma hominis, Rickettsiae quintana, Streptococcus spp..

15 Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
carnii, Eimeria acervulina, Neospora caninum, Plasmodium
falciparum, Sarcocystis suihominis, Toxoplasma gondii,
Leishmania amazonensis, Leishmania major, Leishmania
mexacana, Leptomonas karyophilus, Phytomonas spp.,

20 Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema
helminthorum and Unikaryon legeri.

26. The method according to claim 20 or 21 wherein

the single colony clone of an isolated population of super-

25 infective, tumor cell specific microorganisms is selected
from the group consisting of Salmonella typhimurium strain
#70, Salmonella typhimurium strain #71, Salmonella
typhimurium strain #72, Salmonella typhimurium strain #7253
Salmonella typhimurium strain YS721, Salmonella typhimurium

30 strain YS7211, Salmonella typhimurium strain ¥YS7212 and
Salmonella typhimurium strain ¥S7213.

27. The method according to claim 21 wherein the
single colony clone of an isolated population of super-
- 35 infective, tumor cell specific microorganisms is produced by:
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mechanisnms. 15 18 6. Bl ODI STRI BUTI ON OF AUTOTROPEI C
ATTENUATED STRAINS OF SALMONELLA TYPHVURI UM | N

C57B6 M CE- B Iﬁ | ﬂw TUVORS These st udi es
denonstrate t nes YS721, YS7213, YS7211 and YS7212 to

target tunors and 20 proliferate within the tunmor in vivo.

C57B6 6-8 week old female mce were inoculated s.c. (left flanl? W th
2.5-5.0 x 10[ er MO 849?380 nouse nel anoma cells. When the t BRHUS96{1828B hed
about 0.5 g (14-16 days post-tunor i noculum), the animals were further

i nocul ated i.p. with (e ZxpoBihgai eskld calber®fofSa Eyphd NiumdiMcahber to

bacterial i1noculum was 4 S or, 0 n 2
and 2-4 x 10[err] cful mlﬂég}gl)%é%lrsg'{ Lrgggo %fr ?&?5@%5% %ﬁgﬁdghg
YS7213. After 40 and 9GMIFFRPEIRRLIN iGiSc PEeFEhSt tBBRY F81dSit he ni ce
wer e sacriflced the (BNOriscABEihg Ve FopiRaeiss el etpdo- ﬁﬁﬁep:tum;@] | yumét nsed

wth sterile (0.9%, g e
ratio of 5:1 (voI t unor vvt%lﬁll ngclflncd malcvl\flgrgggguan ga{b tl:l'géy CEtaet'.glr'%{i;l ‘??11e1
honmogenat es onto LB pl &fudsurepncadt i ng overni ght at 37[err]C, and

counting bacteri al (&p! wlearlﬁg&ﬁ@W&aaimqmatea fhaldtep2QbF) so
represent the 35 average &QJ gmg 7.-ani

S 119 - colonyrr@ignes areTxléE%uéedi( E)
Bl ODI STRI BUTI ON OF W LD TYPE AND ATTENUATED STRAI NS CF

10 28. The method according to claim 20 wherein the
single colony clone of an isolated population of tumor cell

specific microorganisms is produced by:

(a) exposing a microorganism to tumor cell conditioned

medium for a time sufficient to allow the
15 microorganism to chemotact towﬁrds the tumor cell
conditioned medium;

(b) 1isolating a population of microorganisms which
chemotacts towards the tumor cell conditioned
medium; and

20 (c) culturing the population isolated in step (b) so
that single colony clones are obtained.

29. The method according to claim 21 wherein the
single colony clone of an isolated population of super-
25 infective, tumor cell specific microorganisms is produced by:
(a} exposing a mammal having a solid tumor cell cancer
to a microorganism for a time sufficient so that
the microorganism can infect the tumor cells;
(b) isoclating a population of super-infective, tumor
30 cell-specific microorganisms from the infected
tumor cells; and
(c) culturing the population isolated in step (b) so
that single colony clones are obtained.

35 30. The method according to claim 27, 28 or 29
further comprising:

e
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SALMONELLA TYPHI MURI UM | N C57B6 M CE- BEARI NG B16 MELANOMA

%Jﬁs ° Li ver Tﬁﬁl)r?nﬁ: l/glr 9t sZue40 hr J’m,mm'm'”"l

of bacteria 14028 6.56.8 x 10[err] 2.42.8 x 10[err] $

270: 1 72 1.71.2 X 10[err] 1.92.3 x 10[err]

9000: 1 10 YS721 8.73.1 x 10[err] 4.23.6 x 10[err]

210: 1 YS721W096/40238 3. 33.0 x 10[err] 8.18.4 x 10[ err] PCT/US96/10250 41: 1
YS7212 3.97.3 x 10[err] 1.10.8 x 10[err] 35:1 YS7213
1.52.8 x 10[err] 4. 0+3. lsubjeokéng] the microorg@visml to5muBag@eediss before
post-inoculation wth bactgida (a), 14028 mor i bund/ dead 72

nor i bund/ dead YS721 . 3.21.5 x 10[err] 4.76.9 x 10[err]

680:1 _ YS7211 1.62.2 x 10[err] 6.39.9 x 10[err]

253:1 20 YS7212 131L.7. The néflerd JaccoFdify ok cl@fier 27, 28 or 29

2200: 1 YS7%1l%yrther congpzqglg x 10[err] 2.2+6.9 X 10[err]

5900: 1, of the strains, tested Iet et the
tunor fissue and repl i te"'ecp&a\'iéf‘9| ﬁ‘@efﬂfegﬁaeeénan }'i\iyal‘-f‘ %ﬁélﬁs P as

evi denced by the finding ttiatesi befibte catsgs (che tunors contai ned 10- 1000
times nore Sal nonella typhinmurium than were first inoculated. Further
in all cases the tunor:liver_ ratio bact rla/g ti.ssue_was_at | eas

35:1 and in some cases fpr SQEh’éﬁtki *h% U RIAIMahdt yZed 38n °Fh%9
st udi es pr eserttecvhemeTabtle 20063 t:'amg:eot:alhl wenghrs;a‘ m@iafoBa cancex) g. O
all the conditions and strains tested, clone 72 exhibited t he hi ghest

tunor:liver ratio 40 hours 3005 oC Iatlo Furth Sal m)nellgg
t yphi nuri um strai n 14028, 33- 'srhﬁet“?t&é%& c‘m?é $99 R4 S ‘“d@?f vati #8s et
also able to twhegetinatite aeplidfl yumot hhandear ger c&BkHF-tareehame neartasnor s of

for exanple, 4-8 g. In addition, as shown in Section 10.3.2

- 120 -
15 34. The method according to claim 20, 27, 28 or 29

wherein the soild tumor cancer is selected from the group
consisting of lung cancer, liver cancer, kidney cancer,
prostate cancer and breast cancer.

20 35. The method according to claim 20 or 21 wherein
the single colony clone is genetically engineered.

36. The method according to claim 35 wherein the
single colony clone expresses a suicide gene.
25
37. The method according to claim 36 wherein the
suicide gene ig encoded by a plasmid selected from the group
consisting of pTK-Sec3, pCD-Secl and pSP-SAD4-5.

30 38. The method according to claim 36 wherein the
single colony clone expresses a suicide gene selected from
the group consisting of p450 oxidoreductase, HSV thymidine

- ' kinase, E. coli cytosine deaminase, carboxypeptidase G2, B-
’ glucuronidase, penicillin-V-amidase, penicillin-G-amidase, B-
35 lactamase, BS-glucosidase, nitroreductase and carboxypeptidase
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and Table 12A, clone 72 can target and anplify w-thia—huoman solid tunors

as small as 40 ny. However, both clo the wld type
strain 14028 were highly virulent towa Bmmmm@ﬂWpeci ally mce 5
bearing tunors. For exanple, C57B/6 nice mel anomas
injected with strains 1428 and 72 had average survival tinmes of 2.1 +
0.4 days (n=6) and 4.7 0.5 days (n=9) post-inocul ation of bacteria
respectively. TNEO96/4633Bodi stri bution of these strains was t hBSTH¥M¢EShsur ed
at 10 96 hours. Likew se, clone YS721, though attenuated conpared to

14028 and clone 72, was naset hehessethodubheotrdingrebanbaim 37 olpeddiwipraine.
For exanpl e, BL6E{Q g@i%easaig r&l@%ﬁé frorﬁnt@x% b?b@%tc%ilxs‘i’sﬁbn '&E‘E}Isv

YS721 had an average, su nonel | a
cl ones YS7211, YS’FZ‘Hd’ifBe ridage7ang E ﬁ@lile‘é%tt°§z‘1r’reu ﬁ‘f‘“b’fset hose exam ned,
each di spl ayed densities of greater than 10[err] cfu bacteria/g tunor

96 hrs post-ingculation Wgo t 8RN mddnbar aea&wﬁﬁgt@éﬁﬁn 36 wﬁ&@&& and
5900: 1 respectively. 2 8. Pl C STABILIT

0
FOLLOW'NG | NCUBATKERpssion of the suicide’ gene 5 SRNGEREL$A PYYBHI I\/URI UM
AUXOTROPHS | N constitutive promoter. TUMOR- BEARI NG M CE
Cenetic reversion of an auxotrophic phenotype coul d in theory result in
an increase in virulence of the previ ously_ attenuated bacteri a,

Therefore, the stabilitiedl25 ghetprrhedy8erRfing SRefbRIPSS WReERF strai ns
YS7211, YS72120 exphnéssimt?bE wheeshsidedgéne | Dsvicoptirollédtdyoanoindbeible
bacteria I n tggg& pgaring mce. Sal monel I a typhi nmurium
obtained fromth %onngenates of livers and tunors of animals 40 hours
post- 30 inocul ation of either YS7211, YS7212 or YS7213 were picked from
LB pl ates and replicate plazt.edThatmethod gaton®itica tagalaim 36 wherein

expression of the suicide gene is controlled by a bacterial
15 promoter that is activated in specific target cells.

43. The method according to claim 42 wherein
expression of the suicide gene is controlled by a bacterial
promoter that is activated in specific tumor cells.

20

44. A method of diagnosis for a solid tumor

cancer, comprising:
{(a) exposing a biopsied sample of cells suspected of
being cancer cells to a tumor-specific
25 microorganism for a time sufficient so that the
microorganism can infect the cells suspected of
being cancerous;
(b) exposing a sample of non-cancerous counterpart
control cells to the tumor-specific microorganism
30 for the same time; and
(c) comparing the infectivity of the microorganism for
the cells suspected of being cancerous and the non-
cancerous counterpart control cells.

35 45, The method according to claim 44 wherein the
microorganism is selected from the group consisting of
Borrelia burgdorferi, Brucella melitensis, Escherichia coli,

———— - 154 -
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pl ates supplenmented with nutritional additives in different

conbi nati ons. The suppl enents were isol euci ne, valine, adeni ne/vitamn
B1, arginine, uracil, aromatic lmuiﬂllmﬂlllﬁmland gl ucose. For each of the
three strains, 50/50 of the recovered fromthe tunor
and liver $171 -

honpgenat es di spl ayed the expect ed phenotypes of the strain originally

i nocul ated, indiWP48¥8t hat in this experinment the st r ai ndCRAPY/10250
genetically stable enough not to revert substantially under the

condi tions teSte@nte501nva51ve Eﬁbhﬁéﬁﬁﬂia ido18 hordfl dare100t pledihih 266

auxot rophi c I NS not b ol teI sia oughout these
studies. In soneé(iag glge#‘z‘ l‘everlf'%{lnetlslg ser ghlge?r%asts% Kot abl y in
the YS7211 str ai rrzmen@nm n‘aé\léﬂmmge#ﬂ‘WAﬁgF@quhtlcﬁo ghigrsrdia wer e
observed. For exaHakbBomd £y & w%érbﬁaﬁdﬂ&ymayéﬁzéé) iMyeoBhat €61 86 HAGums

earlier with cl earin nase-cont ai |n plasmd
50 out,of 50 baFO?’S’ § éLeﬁ' gf’e frrcd)yrﬁ%%@f?ﬁ ?/\é’eélcf’(%oﬁ‘bsto uff‘err]
Ilv[erc] and Ar g[h@ml}ils: Rigkgitéal aagquintangey St ISRAPCAFFUScPRR L 4 ve growt h of
the reverted @fz@@ﬂb@é@cdba@e@@eyﬁém wWilstbpl i BupER1athe, Jéaéun@@yaals

t hat the auxotrophic.ph of _clpnes g YS7212 7213 were
relatively stabl &9 Irﬁlf?d efgm{%ga acgﬂwag %d Sﬁs?%%a (o] n?g‘%uﬁ?cgélf” of
m ce inocul at ed ialiparwhesSarcoeubhss suihgminis, Toxopﬂ_asaa gondigPPRESS| ON

OF TUMOR GROMHY AMRshhlhtzAdmazonensis, Leisbmania majorSUB¥h ¥pkarsda C57B6

U - BEARI NG NI%%xacana, Leptomonas karyophilus, Phytomonas spp.,

Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema
helminthorum and Unikaryon legeri.

15 46. The method according to claim 44 wherein the
microorganism is selected from the group consisting of
Salmonella typhimurium strain #14028P%1, Salmonella
typhimurium strain #14028%°2, gSalmonella typhimurium strain
#7227 Salmonella typhimurium strain #72F®2%, Salmonella

20 typhimurium strain #70, Salmonella typhimurium strain #71,
Salmonella typhimurium strain #72, Salmonella typhimurium
strain #72%%2, Salmonella typhimurium strain YS721,
Salmonella typhimurium strain YS7211, Salmonella typhimurium
strain ¥S7212 and Salmonella typhimurium strain YS7213.

25

47. The method according to claim 44 wherein the
microorganism is produced by:

(a) exposing a cell culture of a solid tumor cancer to

a microorganism for a time sufficient so that the
30 microorganism can infect the tumor cells; and

(b) isoclating a population of super-infective, tumor

cell-specific microorganisms from the infected cell
. culture,

. 35 48. The method according to claim 44 whexrein the
microorganism is produced by:
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| NOCULATED W-TH-AUXOTROPRIC-MJTANTS OF SAMONELLA

TYPH MJURI UM, . - B6 female mce, 5-7 weeks old, were inocul ated
s.c. in the Ilﬁﬂl’sﬂ%"mﬂ'@gﬁl on with 5 x 10[err] B16F10 nel anoma 25 cells
grown in cult < day follow ng inocul ation of tunor cells,
the mce were further inoculated i.p. with 2- 4 x 10[err] c.f.u. of

Sal monel | a typhi nuri.um strains YS721, YS7211, YS7212 or YS7213. Tunor

growt h was asse3%e9/48838h peri odi c caliper neasurenents of PELHBI/PISHQL h,
wi dt h and 30 height, and conputed as tunmor volune in mfjerr]. Results of
t unor growt h, showgaj n &ipgsiagléArieroepyastsi tideudveregds cofBitboned 5

ani mal s/ group with 5/5 an'r&?«iﬁms%i“é”tﬁ%e é‘ﬁff’icf&i‘ﬁ le Qilow t3e Which one

or nore animals died within a gro sl zes of the

age
surviving animals were no “P(ﬁ%-’@@i‘géq’\’o?% tS’S"%ﬁ'é‘Pit"’l% t&é\'f"éd%\é‘}@ FUBPE e bk

shown in Figure 16A-D cond:.tlonedMédlhuﬁoandreasurerrents wer e st opped
after 33 days post I unor -
ofleh 33 aVs 5 PoSt by AALIGR £IpobUTRESHEIA m RUSD-LIRAD, Dhch T

still alive at this ti @e“fﬂﬁécﬁﬁlfrﬁéﬂ%dﬁe%e arymsregetd eandizdengdi nk ad
l'i bitum Twenty-three daysmdddameri ment #1) or 10 days (Experinent #2)
follow ng inoculation of bacteria, both 5 control and bacteria treated
mce were given Baytrll[erqalgT (enrofl oxacin, 0.2 ng/m drinking water)
and nai ntai ned on thi s &ht i BhetTetas agepsding de Elﬁé‘ék%‘* WhETEXP et htrent
#1 the ti e aficwbbedardimm Mscprbdomd@®e bgeri bund (listless, cessation

gg ( f:'; ! 2‘;' ?ﬁ)e SLe?;eg S%‘f\r” V%%tsqgg % Wx?au&rﬁi“h&w?iﬁé & %&i&”&&‘ﬂorl%eﬁ dahl &
g to a microorganism for a time sufficient so that

the microorganism can infect the tumor cells; and
(b) isolating a population of super-infective, tumor
15 cell-specific microorganisms from the infected
tumor cells.

50. The method according to claim 47, 48 or 49
further comprising:
20 (c) culturing the population isolated in step (b) so
that single colony clones are obtained.

51. The method according to claim 47, 48 or 49
further comprising: -
25 subjecting the microorganism to wmutagenesis before
step (a).

52. The method according to claim 47, 48 or 49
further comprising:
30 repeating steps (a) and (b) a desired number of
times.

53. The method according to claim 44, 47, 48 or 49
wherein the solid tumor cell cancer is melanoma cancer.
35
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conditions tested. In Experinent #2 animals were sacrificed when t he
tunor reached 4 g and |listed-with the other dead as described in
Experiment #1. The two differe r s assessing survival
accounted for a sonewhat shortgl!u@ lﬂm U['Eﬂm me for control animals in
Experinment #2 (26 days) as I ment #1 (28 days).

TABLE 20(F) 20 SURVI VAL OF B16F10 MELANOVA- BEARI NG C57B6 M CE | NOCULATED

W TH SALMONELLA WSR40R8RI UM Ti me of dPSTTVSPAERSO: unor
cell I nocul ation: 25

Tr eat ed/ Cont r ol Strai r64. The method accorfiDaysto Saim 44, 47, 48 or 49
E)Z: tC)eri 2) Cont ro'whfreinz%he ?@.tidltumog celd cancez :Os colo§sggﬁc£n%a (no

1 36 9 cancer, 1.3 2 41 10
1.6 30- YS7213 1 36 5 1.3

]2_ 8 38 6 5 55. ]rhé metl¥<§;2ajc%ord1ng to claim 44 ti’7 Shg & Tﬁe
resul ts repr esent“’l'{eﬁ'élﬁv"el?%ggénléDtPB?r5"%%%!1% selected from the 9r°“P '

- 123 - consisting of lung cancer, liver cancer, kidney cancer,

prostate cancer and breast cancer.

10 56. The method according to claim 44 wherein the
microorganism is genetically engineered.

57. A diagnostic kit comprising an effective
amount of a tumor-specific microorganism.
15
58. The diagnostic kit according to claim 57
wherein the tumor-specific microorganism is a super-
infective, tumor-specific microorganism.

20 59. The diagnostic kit according to claim 57
further comprising non-cancerous counterpart control cells.

60. The diagnostic kit according to claim 57
wherein the microorganism is selected from the group
25 consisting of Borrelia burgdorferi, Brucella melitensis,
Escherichia coli, enteroinvasive Escherichia coli, Legionella
pneumophila, Salmonella typhi, Salmonella typhimurium,
Shigella spp., Treponema pallidum, Yersinia enterocohtica,
Chlamydia trachomatis, Listeria monocytogenies, Mycobacterium
30 avium, Mycobacterium bhovis, Mycobacterium tuberculosis,
Mycoplasma hominis, Rickettsiae quintana, Streptococcus spp.,
Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
- carnii, Eimeria acervulina, Neospora caninum, Plasmodium
’ falciparum, Sarcocystis suihominis, Toxoplasma gondii,
. 35 Leishmania amazonensis, Leishmania major, Leishmania
mexacana, Leptomonas karyophilus, Phytomonas spp.,
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Figure 16A-D shows the average SD tunor vol unes (merr]) versus tine

post inoculation of 5 x 10[err] BlI F10 nel anoma cells s.c. into C57B/ 6
mce. Al four clones of Sal nonella, nanely cl ones YS721, YS7211, YS7212
and YS7213, elicited 5 suppr essilgmmfmlu u“:“ll'ﬂmh in the animals. Cl one
YS721, attenuat ed through Ade I ﬂ trophy, was nonet hel ess
toxic to tunor-bearing mice and resulted i h nb prol ongation of survival

conpared to contW@P640Ed§or - beari ng ani mal s recei ving no ba®C&US%/10her eas
the death of control animals 10 was clearly due to very |l arge tunor masses
(4-8 g), the deatfrypan8bohal ifuzicaEhbgplidHodrbsn | AatidudtiedNyeddn cl one YS721
appear ed to b I, f: Lal i.cLty since the tunor burden

in these ani mal S%@gl%ﬁ#%%m@@ﬁ%ﬁ%%%&%@& ﬁl)é %‘%hreat ening in itself. The
tunmors ranged from non-pal pable to less than 15 0.5 g at the tine of death. ‘

In contrast, treatment of gunorhbeaiidrbsvieckit tdbcordihgneo Y& adhlssYS7212
and YS7213, eac€ l.ess.vir sul_‘%ed in_significant
f

S tllljéentcthan . CI.%ne YSc72e1 dfr%m d
enhancenent of SURFFTAR i SXGQFETOHY & sﬁﬁb?_etssq & 0 Uy l‘lé’rowt h. The
degree ‘of 20 supprsiebinofoft Feadmogedla Hyphimhni ymditradnatlaa8MBiel | a .
c: _onets, aﬁ seeg ismlr'rioaulwa %@mug@ﬁzﬁ%&tﬁpl -} mg%wm,r Sﬁlmé‘zbéiidi etS_ to f
ellCl ennancea suryi,va as.  _seen . e aver age | e TOor
Cumor s to reach THPRIBEHRRCERLY 2l Sainesehid exphif Rl AiFath
ani mal's, 31 days #7%@F*3ni falmorzd lar ypletnusiubest na ith #7872831meneN87211 and
45 daysI y (eX1<]§ a@@gghgﬁ)w& ;_Htfé@ﬁzfal,l Tétfamoﬁengwﬁﬁdﬁamwaaae#vz, |
survi va I Nes (0] S or, ,contro unor ; 4 ani S, ,Lconpar e
Co 35, a1 and SRAAITIE SHHHARCLUR BRI (R S BREEL b ph IR
and YS7212. 30 strain YS7Tus, Sadmonglisetyahtisnniue dteaiai ¥SB3113al nonel | a

tested, the ordersimeBtil£aepHihrURPEEQSSNORsPI1] WHY saliAvkdr1a and

prol ongati on of sur\ﬁl.val , Was YS?21§S>ZZS173211>YS7213' Earlier treatnent
with an antibi ot | PPRRAPEIFREEPA™ FSEL°- 10 days as conpared to 23 days
post-inocul ati¥®¥h of bacteria, 35 increased the survival tinme for

tunor - bearing ani mal s igwculrhkedi ¥gidbtIel RDPededbrdity Ootcldial sof
control ani mal s.

»

3

wherein the microorganism is genetically engineered.

63. The method according to claims 5, 12, 13 or 14
20 wherein the solid tumor cancer is a metastatic cancer.

64. The method according to claims 20, 27, 28 or
29 wherein the solid tumor cancer is a metastatic cancer.

25 65. The method according to claims 44, 47, 48 or
49 wherein the solid tumor cancer is a metastatic cancer.

30
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- 124 - 18. 9. ANTI - TUMOR ACTIVITY COF

AUXOTROPHI C SALMONELLA TYPH MURI UM EXPRESSI NG
CYTOSI NE DEAM NASE Experimental netastasis nodel of B16F10 was
set up by injecting 1 x 10[err] cells into C57B/6 mce via the | ateral
5tail vein on Day 0. Aliquots of 0.2 m bacterial suspension of Y67212

carrying the cytosi ne deam nase expression construct (see F for
t he CD construct VOCHMFFoxXi mat el y 1 X 10[err] CFU M) were ﬁc'ﬁjﬂxgésftgzég
intraperitoneally into mce on Day 5. 5-Flourocytosine (5-FC), at 0.4 mi
aliquots dissolved 10 in PBS at 10 ng/m (final dose: 200 ng/kg), was

injected into m ce intraperitonealh{s Day 7. Death of animls was
recorded daily. Results are presented in Flgure 17. Figure 17
clearly denonstrates that combi nation of CD and 5-fluorocytosi ne prol ong
the survival Sal nonella 15 expressing ani mals bearing B16F10 | ung

nmet ast ases. 19. EXAMPLE: ATTENUATI ON OF SALMONELLA

TYPH MURI UM THROUGH MUTATI ON | N LZPOPOLYSACCHARI DE

Bl OSYNTHESI S 20 Several nutant strains of Sal nonella typhinurrium
and E. coli have been isolated with genetic and enzymatic | esions in the
LPS pat hway (Raetz, 1993, J. Bacteriol. 175:5745-5753). One such nut ant,
the firAlerr] mutation is within t he gene that encodes the enzyne

UDP- 3- Q R-30 25 hydroxynyristoyl)-glycocyam ne N-acyl transferase, that
regul ates the third step in endotoxin biosynthesis (Kelley et

B C A ¢
Y 72—
| NN 2N L
=‘Z@m9 O — g
52288 a5 8

FIG. 1
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al ., 1993, J. Biol. Chem 268:19866-19874). Sal nonella t yphi muri um and
E. coli strains bearing this type of nutation produce a |lipid A that
differs fromwild type lipid Ain that 30 it contains a seventh fatty acid,
a hexadecanoi c acid (Roy and Col eman, 1994, J. Bacteriol. 176:1639-1646)

and has decreased lipid A 4" kinase activity. AfirAerr]
mut ant was i nv d for its ability to I nduce TNF[err I on by
human nnnocytegéggg@% as its 35 ability to target solid tdkgggggﬁﬁ%%c

- 125 - 19. 2/ 7 ABI LI TY OF SALMONELLA

TYPH I MURIUM firAlerr] TO ' 3 | NDUCE TNF-[err]

PRODUCTI ON BY HUVAN BLOCD MONOCYTES

Sal nonel I a typhi nurium strain SH5014 and its firAlerr] 5 derivative SH7622
are described in Hrvas et al., 1991, EMBO J. 10:1017-1023. The
genotypes of these strains are as fol |l ows: strain SH5014 ilv-1178
thr-914 his-6116 net A22 met ES51 trpB2 xyI 404 Hl-b H2-e,n, x fl aA66
rpsL120 rfaJ4041; 10 strai I s-6116 met A22 net E551
trpB2 . xyl-404 H-b H2-e, N1, ssc-1(firAerr]).

A derivative of Sal nonella Al N SH7622 was

pi cked, designated SH7622- 4 r] strain for the
experiments in this sectio

FIG.2B

FIG.2A
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15 Section 19.2 bel ow. SH7622-64 was selected for its supersensitivity
to the antibiotic novobiocin and t enperat ure-sensitive grow h,
characteristics of the firAlerr] SH7622 strain. LPS was
extracted from Sal nonel | a typhi murium 20 strain 14028 and its derivatives
clone 72, clone YS7212, and cl one YS7213; as well as strain SH5014 and
its firAlerr] derivative, clone SH7622-64, as follows: T La were
grown in 500 mMWeE4#Bth to o D [err]=0.9 or about 2 X 10[epfﬁ%%/§425€m.
They were collected by centrifugation, and the 25 pellets, containing about
10[err] cfu/m . They were coll ected by trifugation, and the pellets,
containing 10[err] bacteri a, wer e daa(éggnand stored frozen at
-20[err]C. To extract LPS, the pell ets were resuspended in 18.3 mni
Herr]Q and 15 m redistilled phenol was added (H err] O phenol, 55: 45,
vol /vol-). The m xtures 30 were placed in a shaking water bath at

69-70[err]C, for 1 hour produci ng a nonophasic m xture, and then cool ed
on ice, On cooling the m xture separated into a phenol phase containing
mai nly ,proteins, and a water phase containing | i popol ysacchari de and

nucleic acid (Gl anos, C., Luderitz¢33§\Gx, and -West.phal, O, 1969). The
wat er phase was |yophilized to drysass and the'white fluffy |yophilized
mat eri al was used as the source pf ILPS.»The LPS was wei ghed and

di ssolved in re e - 126 - Herr]O
at | mg/nm, as stock for dilutioni:n tpevi@cubations with  human

macr ophages descri bed bel ow. " *  +Human nacrophages were prepared
as follows and all procedures were-at roomtenperature: Blood (60 m) was

FIG.3B
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5 collected froma healthy human volunteer into a heparinized syringe.
The bl ood was |ayered in 7 m aliquots over 4 m of | sol ynph[err]
(density - 1.077 g/m; 9.0 g sodiumdiatrizoate and 5.7 g Ficol

400[ err]/100 m H20; Pharmaci a Fine Chem cals, A B. Uppsal a, Sweden) in
15 mM Corning Plastic Centrifuge tubes, 10 centrifuged at 2000x g for 45

m nutes. The red bl ood cells pell eted through the Isolynm Idshe/1azs0

neut r ophil s and Gt B cel | s sedinmented in a discrete band above this

i nterface, and above t he | ynphocyt e/ macrophage band was serum visible by
its yel l ow col or. The serum from each { Jbe& was renoved by 15 pipette,

pooled in a total volune of about 30 mMl and saved for suppl enentation
into the culture nmedia as descri bed bel ow. The | ynphocyt e/ macr ophage
bands were pooled in a total volune of about 15 m diluted with 40 m

RPM 1640 culture nmedium and centrifuged at 1000x g for 5 m nutes. 20
The cl oudy supernatant was di scarded and about 0.2 m of pelleted white
cells ywas obtained. The cells were resuspended with 50 M RPM 1640

cul turé nedi um suppl enented with 15% human serum (descri bed above),
penicillin (100 units/m) and streptonycin (100 [err]g/m ). The recovery
of 25 viable | ynphocytes and macrophages from 60 nl whol e bl ood was

determ ned by henocytoneter counting to be about 7 x 10[err] cells.

Toget her the cells, |ynphocytes and nonocytes were distributed into 24
wel |l Corning Tissue Culture Plates at 0.5 m/well, and incubated in a
gassed hum dified i ncubator 30 at 37[err]C for 15 hours. The
next day the cultures were rinsed twice with serumfree RPM 1640
contai ning antibiotics. Between each rinse, the cultures were incubated
about 1 hour in the 37[err]C renoval of

| ynphocyt es and ot her non- 35 ad ells were found to
be nostly, if not all derived e., macrophages

t hat had differentiated fromt e by virtue

- 127 -
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of attachment to the culture dish. For exanple, in a hi st ochem cal assay
to determ ne the percentage of macr ophages in the adherent popul ati on of
cells 48 hours post-plating into culture, the popul ation was found to be
5 essentially 100% positive for expression of the enzyne non- specific
esterase, a marker commonly used to distinguish nonocyt es and

macr ophages f%&?ﬁ?@hocyt es and ot her cell types. Resul peryeshnegbed
that nmost if n all of the cells enpl oyed in the LPS chall enge

descri bed bel ow were of 10 nonocyte Oé?bn After the second
rinse descri bed above, serumfree, BI otic containing RPM 1640

suppl enented with LPS at the concentrations indicated was added to the
cells, and the cultures were placed in a gassed, hum dified incubator at
15 37[err] C overnight. After 20 hours, the well plate cultures were
centrirfuged in a Beckman GS-15 centrifuge at 8000x g for 10 m nut es, and
the supernatants were renoved and assayed for TNF-a content using the
QUANTLKI NE[ err] Human TNF-[err] | nmunoassay Kit #DTA50 (R&D Syst ens,

M nneapolis, M). -a production 20 as pg/m by human macr ophages is
plotted as a functi pg/ M bacterial LPS added to the culture nedium
and shown in Fi gu 5518 Strain 14028 and its derivatives
clone 72, clone YS7 an .

25 induced TNF-[er@} pro

of LPS in a dose-de dent

t hese strains as Iow
TNF-[err] production, &and
10[err] pg/m 30 an 10[

macr ophages to N3
t he LPS were S|mlebtoth
patients with septic sT‘{
injected with E. cqli LPQ"
In contrast, LPS f%‘.firA er
stinulatory to TNF-a& ducti ¢
only at concentrati onsdgl

& o
<)
o, %9""
'
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s
<
Yo b
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- 128 - 10[err] pg/m . Thus, on a dose response conpari son,
LPS from strain SH7622-64 was only about 1% as effective in

stinmul ati ng macrophage TNF-[err] production when conpared to LPS from
the firAlerr] parental strain SH5014. Furthernore, the 5 results
denonstrate that strains YS7212 and YS7213 each produced LPS simlar to
w ld type strai golddlsLPS, as assessed by stinulation of hunan

nmacr ophages. 19. 2. TUMOR TARGETI NG BY SALROREPe/ 18250
TYPH MURI UM 10 BEARI NG THE firAlerr] MJTATI ON

M27 nmouse lung tunmor cells or B16F10 nﬁqﬁﬁ qelanona cells (5 x 10[err])
were inplanted s.c. in C57B6 m ce. \Weh the tunors were pal pabl e,
SH7622-64 grown in LB broth at 37[err]C to a density of about 10[err]
cfu/m. (O)err]=0.8). Aliquots of 5-10 x 15 10[err] cfu were renoved and

I nocul*ated into tunor bearing mce. At 48 hrs (M7 lung) and 96 hrs
(B16F10 nel anoma) post - I nocul ati on of bacteria the animls were
sacrikiced, the tunmors and livers renoved, wei ghed and honogeni zed in LB
broth-at a ratio of 5 m/g tissue. Honobgenates were 20 quantitated for
bacteria by serial dilutions on LB agar pl ates. Results are presented in
Tabl e 20( G . TABLE 20( G

10000

CPM phosphorylated 1251dC/407 bacteria
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25 TUMOR LOCATI ON BY SALMONELLA TYPH MURI UM BEARI NG THE firA MUTATI ON

FOR LI POPOLYSACCHARI DE Bl OSYNTHESI S Sal monel | a/ g
tissue: Primry Tunor Tunor Li ver

Tunor: Liver 30 M27 | ung 2.9 x 10[err] - 0- n. a.
B16 3.2 x 10[err] 1 x 102 3200: 1 The
results are deri m single animals. 35

- 129 - W6 Gl As shown in Table 20(G), sPEHUSISHING22- 64

was abl e to locate within both the %%25% mel anoma and the M27 | ung
tunmors when inoculated i.p. into mce. results, in conbi nati on
with those in Section 19.1 which showthat LPS 5 fromthis particular

firAlerr] strain s greatly suppressed in its ability to induce TNF-a
i n hupan macr ophades, denonstrate t hat Sal nonella attenuated through a
mut at i*on in endoggxin bi osynt hesis can be useful as tunor vectors in
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10 20. EXAMPLE: TUMOR- SPECI FI C ACCUMULATI ON OF CLONES
YS721 AND YS7211 IN MURINE LEW S LUNG

CARCl NOVA
Thi s exanpl e denonstrates that auxotrophic nutant

Sal nonel | a cl ones
YS721 and YS7211 |locate to lung carcinona.
nodel

The experi nent al
of the Lewis lung carcinoma 15 was set up by injecting 5x10[err]
cells into C57B/ 6 nice subcut aneously on Day 0. Al i quRGFSpE/§2
bacteri al

m
wiosspensi on (approximately 1 x 10[err] CFU mM ) were injected
intraperitoneally into mce on Day 14. On Day 16,

the tunors and livers
wer e harvested and honogeni zed and ?queVial 20 counts determ ned by
plating serial dilutions. Results o

the relative distribution are shown
in Tabl e 20(H). 25 30 35
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TABLE 20( H) TUMOR SPECI FI C ACCUMJLATION OF 5

CLONES YS721 and YS7211 IN M CE Strain No. pat hogens No.
pat hogens Rat i o: /g Liver /g Tunor
tunor/Iliver YS721 9.8 x 10[err] 4.7 x 10[err] 4.8
x 10[err] 4.3x 10[err] 3.2x 10[err] 7. 3X
104 10 1.1 x 10[err] 1.4 x 10[err] 1.3 x

10[ err] WO 96/40238 1.6 x 10[err] 1.0 x 10[ er r FCT/USIE/M0280 o
10[ err] 3.0x10[errq /37 2.3x 10[err] 7. 7X
104 YS7211 1.4 x 10[err 2.6 x 10[err] 1.9 x

10[ err] 1.9 x 10[err] 2.7 x 10[err] 1.4 x
10[err] 15 2.3x 10[err] 6.0x 10[err] 2. 6x
10[ err] 1.0x10[ err] 5.0x 10[err] 5. 0x
10[ er k] Extrenely high |l evels of bacteria were |ocalized to
these tunors, as well as others indicating that the 20 auxotrophic
mutat{ons retain tunor specific accumrul ation of bacteria for a spectrum
of tupor nodels. 21. EXAMPLE : TREATMENT COF B16F10 MELANOVA
METASTATI C TUMORS 25 = ~Met ast ases constitute one of the nmgjor
probl ens for treatne of solegpd tunors. While larger tunors can be
detected and renoved su[:g cal lyggsmal | er netastases constitute the
untreated reservoir whic@ is frgguently the cause of death. Therefore,
an effective cancer therfbeutic&30 should be effective against netastatic
tunors. An&experi nental netastasis nodel of B16F10 was set
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up by injecting 1x10[err] CELLS into C57B/6 mce via the |ateral tai
vein on Day 0. Aliquots of 0.2 m YS7211/p5-3 and YS7212/ p5-3 (YS7211
and YS7212 each carrying the HSV 35 t hym di ne ki nase expression pl asm d)

bacterial suspensions (approximately 1 x 10[err] CFU m) were injected
intraperitoneally into mce on Day 5. Ganciclovir, at 0.1 M. aliquots
- 131 - dissolved in PBS at 22 ng/m (final dose: 100

my/ kg), was  WAPEPEBd into mice intraperitoneal |y on Day YCTAgR§g0250
progressi on was nonitored by periodi q\eaaéri? ce and exam nation of the

| ungs. At day 28, all the animals wer crificed and the normal and

t unor - beari ng | ungs wei ght ed. Figure 19 clearly denonstrates
that aninals i nocul ated with YS7212 carrying the HSV t hym di ne ki nase
gene _ (YS7212/p5-3) and further treated with GCV show reductions in

t he nunber and extent of B16F10 | ung netastases. 10 22.
EXAMPLE: DI AGNCSI S OF TI SSUE BI OPSI ES FOR MELANOVA USI NG
SALMONELLA TYPH MJURI UM Di agnosi s of nel anoma according to the
met hodls of t he present invention can be perfornmed using, for exanple, 15
Sal nonel la typhinuriumas follows; A portion of a biopsied speci men
suspected of nmelanoma is mnced with scissors in tris-buffered saline
(TBS) and then incubated in CaJerr]/Mj[err] - free saline containing
trypsin, collagenase, and EDTA (Sigma Chem cal s) for 60 m nutes at
37[err]C to dissociate the tissue 20 into individual cells. The cells are
then rinsed free of { di.ssQocCiwnt i trifugation. The

cells are resuspe M 10% FBS and #dded to a 24 wel |
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Corning tissue culture chanber containing cover slips in the wel | s. The
cells are then incubated in a gassed (5% CJerr]/95% 25 air) humdified

i ncubator for 3 hours at 37[err]C to allow for attachnment to the cover
slip. After attachnment of the biopsied cells is achieved,

an attenuated, super-infective, nelanoma-specific strain of Sal nonel | a
typhinuriun1(§9{e;&#—10[err] c.f.u./m) is added. The 30 ] nd

bi opsi ed cel | AR cubat ed t oget her at 37C for 15 mnutes to allow for
i nfection of nelanoma cells by thﬁ‘F. gy?hinuriunl and the cells are
then rinsed with TBS to renove non- %f cting bacteria. The cells are

t hen permnmeablized with 0.01% saponin in 3% bovi ne serum al bum n for 5
mn, stained for DNA for 10 mnutes with 2.5 ng/m 4'-6

D am di no- 2- phenyhndol e (DAPI') and saponin (.01% in TBS, washed with
TBS, nmounted in Mow ol (Cal biochem) containing 1,

- 132 - 4-Di azabi cyclo (2,2,2) octane (DABCO Kodak) and
observed by phase and fl uorescence m croscopy. The presence of DAPI -
stain.in the cytoplasm of the biopsied cells would indicate t hat they
were nelanoma cells, i.e., cells that were infected 5 by the
mel anoma- speci fi ¢ SR : . ;o her than

nmel anocyt es. RGETI NG BY

LI STERI A exanpl e
denonstrates that L proliferates in
tunmor cells when

- o “
Y - e

FIG.5A
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adm ni stered to nel anoma bearing ani nmals. C57B/ 6 mice were

I noculated s.c. in the left flank wth 5 x 10[err] B16F10 nel anona
cells. Wien the tunors reached 15 about 1-2 g (16 days post inplantation of
tunor cells) the animals were inoculated i.p. with 7 x 10[err] cfu of

Li steria nonocyt ogenes wild type strain 43251. Prior to inoculation
into mce, th | la culture was grown overnight in LB 1?%; an
ODerr] of O. .ﬁﬁzdthﬁt%he times indicated aninmals 20 were saclﬁ Iclggoz%d;d t he
tunmors and livers were renoved, ?wggnz’jzed and quantitated for
bacterial nunbers by plating seri luti ons onto L.B. plates.

Tunors were anal yzed at 24, 48, and 96 hours post- I nocul ati on of
Li steri a nonocyt ogenes. Results are shown in 25 Table 20(1). 30

35 . - 133 -

FIG.5B
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TABLE 20(1) AMPLI FI CATI ON OF LI STERI A MONOCYTOGENES I N C57B/ 6 M CE-
BEARI NG B16F10 MELANOVA TUMORS Ti me L. nonocytogenes/g
tissue: Post - i noc. Tunor Li ver Tunor: Liver
24hrs 1.5 1.4x 10[err] 8.0 6.1 x 10[err] 1:5 10 48hrs

6.3 8.5x 10[err] 1.3 1.0x 10[err] 1: 210 96 hrs 5.2 6.8
x 10[err] 5 9.0 x 10[err] 1:1 The result éﬁﬁg t he
average SD O?Jqs{rﬁﬁéﬁscate determ nations. 15 Ass% omﬁgi?%%rabl e
20(1) it was found that the |l evellg ¢gf3 Bacteria within the tunors rose
about 100 fold during this time period, indicating that wild type
Listeria nonocyt ogenes can target tunors and proliferate within them

Li steri a nonocyt ogenes strain 43251 was virulent in the 20 C57B/6 nice,
causi ng deat h about 5 days pot-inocul ation i.p. of 7 x 10[err] cfu.

24. EXAVPLE: LEI SHVANI A AMAZONENSI S SHOANS TUMOR CELL

SPECIFICITY 25 24. 1. LEI SHVANI A AVMAZONVENSI S SPECI FI CALLY
ATTACHES TO HUVAN . s : S
amazonensi s trypomag
that they are unabl .
macrophages. 30 Si NG
like traits it was
able to enter into I
amazonensi s pronasti

pecific, in
gt han
ecr ophage-
Beoul d be
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Schnei der's Drosophila nmedia (G BCO BRL) containing 15% heat- 35

I nactivated fetal calf serumat 24[err]C until the parasites were I n

| ate | og phase (usually 3 to 4 days). Animal cells used

- 134 - in the L. amazonensis infection assays were a nouse
mel anona cell Iine which forns non-netastatic tunors when injected

into C57B6 m ( 1), two human netastatic nel anoma cell | (me
and M- A7, angﬁgggéééggative control human foreskin 5 fibrgg?gg%ggﬁﬁkF.
These different cell types were grown on gl ass coverslips in 24 well

pl ates or on plastic Lab-Tec[err] 1e@hﬁ507 slides in MEM cul ture nmedi um
wth 10%fetal calf serum for HFF cells; Ham's F10 nediumw th 10%
horse serum for B16/F1 cells; and DMEMwith 10% fetal calf serum
buffered 10 with 10 mM HEPES, for M2 and M2-A7 cells. The
Lei shmani a parasites were pre-incubated for about one hour with 5%
normal human serum and the cul tured cells were infected with 0.5 to
5.0x1QJ err] parasites/m for about two hours at 32[err]C. After

i ncubation the cells were washed 15 twice with phosphate buffered saline
(PBS) and fixed W t geadel, : s 2 Qo put es at about
4[err]C. An anti- i ' the fixed
cells at a nor ma t h 3% bovi ne
serum al burren ( BSA)
fl uorescent - conj uga
I ncubated with the
one hour and then

BN nhei m) was
BR-00) for about

perneabilized with to renove
| i pids, thereby al
™~
O
2
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25 penetration by antibodies) in Tris buffered saline (TBS) for 10 min
and stained for DNAwith 5.0 ng/m DAPI stain (Sigm) in TBS with 0.02%
Saponi n. The cells were washed with TBS and nmounted on gl ass slides
usi ng Mowi ol (Cal Bi ochenm) with DABCO ( Kodak, a conpound that sustains
fluorescent 30 em ssions). The presence of internalized parasites was
determ ned by failure to react with an anti-Lei shmani a NGRS oME50
antibody in t MO %H#8¥Bce of host cell menbrane per neabi | i zati on.
Observations made i nmedi ately after ‘lf‘ﬁd/B' gn of the 35 live parasites using

an inverted phase m croscope showed anong these cell lines, notile
parasites were i mmedi ately adherent only when they encountered the

nmet astati c nmel anoma - 135 - WO
96/ 40238 PCT/ US96/ 10250 cells,
suggesting that the netastatic cells may possess an approprlate recept or
for Lei shmania. These results are shomn in Elo To
det er m ne whet her or ‘gﬁggx'”‘ DRI ¢ Py Rk hl i zed, M
human *rrel anoma ceII33v‘ ki XodioR e , AR SR i xed as

descri‘bed above : AT : ‘ "
Wi t hout per meabi | § ST o RE Y ?; R ocl ona

anti body directed t o} ed by a

r hodani ne- conj ugat ed ¥z 'ﬁ% s- buf f er ed
saline (TBS), the cek ¥n 3% BSA
for 5 mnutes, and ~'-6

Di ami di no- 2- phenyflhﬂo1 24 % | if‘ij Y i, dhed with 15
TBS, mounted in Mow bl *(€al AR N R L v .7
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Di azabi cyclo (2, 2,2) octane (DABCO Kodak) and observed by phase and

fluorescence m croscopy. This procedure detects all parasites and

di stingui shes between those which are internalized (inaccessible to
anti body staining in non- 20 perneabilized cells), and those which are
attached but not internalized. Parasites were internalized

by M cells (da%ﬁ%zss shown). Internalization was estimated to occur in
3% of the mel anone cel |'s. These findings denpnstrate thatPdJUSp§ipEstos

Lei shmani a parasites were able to enteﬁg%ge mel anonma cel | s, and b)

possi bly only a sub-popul ati on of t hd nobma cells were involved in

t he process. 24. 2. LYSOSOVAL FUSI ON FOLLOWS

| NTERNALI ZATI ON 30 OF LEI SHVANI A BY MELANOVA

In the normal course of invasion of macrophages by Lei shmani a, |ysosones
fuse with the phagosone. To determ ne whet her or not this also occurs

when Lei shmani a i nvade louaﬁ%ﬁg% ng?bg§p6£ﬁ%@ﬁites were co-localized with

a | yspsomal 35 glycoproteéern cells were grown, infected
and fixed as described above except thewrgells were i mmunostained with a
nonocl onal anti body irected\against a B -
136 - . |husBRedyseeoral gl yqopiekedn -dedVP- 1, fol | oned by a
r hodam ne- conj ugat ed antinouse£ body==1Af t er washi In TBS, the cells
were stained for ®NA|{10 nih 2;bh 2.5 ) , washed with TBS,
mounted i n Mowi ol £cont dim and §

fl uorescence nicré . rasites co- wng™ |

Rela

W5 & 1 X0
Z ¥ =045 ¢ 0% 20203, Fx 1302 109%™ £20003
e 1030 100 ~1
o T -
% 1 7 88
g - 7 I
= + e} (<] ‘[
!: I I A
2o wes @ % [ !
E i 1 i 1 )
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L s 10 1} © L3 L 3]
Days Days
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| ocalizing wwth LAMP-1 are shown in Figures 14A-C. Co- | ocal i zati on

corroborates the internalization of the parasite and denonstrates that
t he process of |ysosonal fusion occurs when Lei shmania is internalized
into the nelanoma cells. In 10 sunmary, Lei shmania anmazonensis inits wld
type state shows I nvasion ability for human nel anoma cell s that has been

her et of ore unr EXAMPLE: DI AGNOSI i%@%ﬁtﬁ@gh%
I N HUVAN TISSU(ISQ'{%&"EE}Q38 BICPSLE S NG LEI SHVANI A §i IS
Di agnosi s of nel anoma according to the th the present invention
can be perfornmed using, for exanple, Lelshnalna Amazonensi s as foll ows:
A portion of a biopsied speci nen suspected of nmelanoma is mnced with
scissors in 20 tris-buffered saline (TBS) and then incubated in
Ca[err]/Merr] -free saline containing trypsin, collagenase, and EDTA
at 37[err]C for 60 mnutes to dissociate the tissue into individual

cel | s. The cells are then rinsed free of the dISSOCIatlon enzynes by
centrifugation. The cells ag oo % 25 FBS and added
to a 24 well Corning tissuel cover slips in
the wells. The cells are th %Cderr],
hum di fied i ncubator at 37 to allow for
attachnent to the cover hment of the

bi opsied cells is achieved, of Lei shmani a
amazonensi s promasti got e rding to the

net hods of the present inve and bi opsi ed
cells are incubated togethef: s : irs to allow for
infection of nelanoma cells by S fezorreAsi s and the cells
are then rinsed with TBS to reane‘GEEﬂTFKHmtlng parasites. The cells
are then - 137 -

FIG.10A

VECTOR (10 DAYS)

FIG.10B
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perneablized with 0.01% saponin in 3% bovine serum al bum n for five

m nutes, stained for DNAwith 2.5 ng/m 4'-6 Di am cl i no- 2- phenyl i ndol e
(DAPI') and saponin (.01% in TBS for 10 m nutes, washed with TBS,
mounted in Mowi ol 5 (Cal biochem) containing 1, 4-Di azabicyclo (2,2, 2)

oct ane (DABCO, Kodak) and observed by phase and fl uorescence

m croscopy. T nce of DAPI-stain in the cytoplasm of Lopsi ed
cells would i %@éﬁégt hat they were lgan cells. 10 rerbsdfade 26.
EXAMPLE: DI AGNCSI S OF HUMAN Tl SSUE BI Mgga7 FOR MELANOVA
USI NG MYCOBACTERI UM AVI UM Mycobact eri um avi um were found
associated with the nmel anonma cells but not with the normal nel anocytes.
This 15 discrimnatory ability for nelanona cells denonstrates the

ability of Mycobacteriumaviumas a vector in the diagnosis and
treatment of nel anoma. Diagnosis of nel anoma using Mycobact eri um avi um
Is as follows: A portion of a biopsied speci nen suspected of nelanoma is
m nced with scissors in 20 tris-buffered saline (TBS) and then incubated in
Cal[erc]/My[err]-free saline containing trypsin, collagenase, and EDTA at
37[err]C for 60 mnutes to dissociate the tissue into individual cells.
The cells are then rinsed free of the dissociation enzynes by
centrifugation. The cells are resuspended in 1 ni DMEM 10% 25 PBS and

pl ated onto 12mm gl ass cover ' ' ith 1x10[err]
cells per well. The cells ar ed 5% CJerr],
hum di fied i ncubator 37[err] attachnment of the
cells to the cover slip. t he bi opsi ed
cells is achieved, 30 a nel acterium avi um

whi ch has been i sol ated I nvention is
added. The bacteria and bio oget her at
37[err]C for 15 mnutes for s by the
Mycobacterium avium The cells are BS to renove
non-infecting bacteria. The cells are t hen per d wwth 0.01%
saponin in 3% bovi ne serum al bunfQONTROL weGiVhut es, stained for DNA

with 2.5 mg/m 4'-6
FIG.1TTA

Y

TK VECTOR + GCV

FIG.11B
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- 138 - D am di no- 2- phenyl i ndol e (DAPI) and saponin (.01%
in TBS for 10 m nutes, washed with TBS, nounted in Mow ol (Cal bi ochen
containing 1, 4-Di azabicyclo (2,2,2) octane (DABCO Kodak) and observed
by phase and fluorescence mcroscopy. The 5 presence of DAPI-stain in the
cytoplasm of the biopsied cells woul d indicate that they were nel anoma
cells. 27. DEPCSIT OF M CROORGANI SMS The

fol l owi ng m cr od¥@&o&¥s were deposi t%d%\y gh 10 the Aneri canPGRS R ur e
Col I ection (ATCC), Rockville, NMD on n 'l 1995 and have been assi gned
t he i ndi cated Accession nunbers: M croor gani sm ATCC
Accessi on No. c @580:T0 55686 15 Cl one #71
55685 Cl one # —o— Y§7244 55630 Cl one H72[err]
97179 Popul at icAn #72[ ¢rr] 55644 Popul at i on

#72[ er¥] 55883 0ptn —u-poffiA24d +6RV# 14928  er r] I 5b681

Popul ation #14028[ errfa 55682 The fol |l §w ng
m croof gani sms were degosited|we Contnohe Anerifgan Type Cul fure {Col | ection
(ATCC); Rockville, MD@n 25 May 29, 1996, and Have been assiigned the

i ndi cat ed Accessi on nufif}) ¢ —e— Gontrol-+GCV

4
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M cr oor gani sm ATCC Accessi on No. Cl one YS721

Cl one YS7211 30 Cl one YS7212 Cl one YS7213 The
foll owi ng plasm ds were deposited with the Anerican Type Culture

Col I ection (ATCC), Rockville, NMD on May 35 29, 1996, and have been assigned

t he i ndi cated Accession nunbers: M cr oor gani sm ATCC
Accessi on No. - 139 -

pTK- Sec3 WOSEE R 1 pSP-SAD4-5 5 FACLIUSPHRIGP} on
cl ai mred and described herein is not tp_bg limted in scope by the

speci fic enbodi nents herein disclagédpéiﬁce t hese enbodi nents are

i ntended as illustrations of several aspects of the invention. Indeed,
various nodifications of the invention in addition to those 10 shown and
described herein will becone apparent to those skilled in the art from
t he foregoing description. Such nodi fications are also intended to fal
within the scope of t he appended cl ai ns. A nunber of

refergnces are cited herein, the 15 entire disclosures of which are
i ncorporated herein, in their

2500
—o— Y§72412 }
2000 —=—vy§72124 60V

~o~- Gontrol
15001
—a— Control+G6CV
1000
500

Veclor

Mean Tumor Volume {mm3)+SE
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entirety, by reference. 20 25 30 35
- 140 -

WO 956/40238 PCTUSIS/18250
21/37
1.2x107
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SEQUENCE LI STI NG (1) GENERAL | NFORNMATI ON: (1) APPLI CANT:

Pawel ek, John M Bernudes, David 5
Low, Kenneth Brooks (i) TITLE OF I NVENTI ON: VECTORS FOR THE
DI AGNCSI S AND TREATMENT OF SOLI D TUMORS | NCLUDI NG MELANOVA
(iii) NUMBER OF SEQUENCES: 10 (i v) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: Penni e & Ednonds (B) STREET: 1155 Avenue of
the Anericas 10 WO 9%/4023% (O CaTY: Neé(v YRk PEHUSIEARED  New
Yor k (E) COUNTRY: U.S. A 2737 (F) ZIP: 10036-2711
(v) COWUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk
(B) COWUTER: | BM PC conpati bl e (©) OPERATI NG SYSTEM
PC- DOS/ Ms- DOS 15 - (D) SOFTWARE: Patentln Rel ease #1.0, Version
#1.30. (vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON
NUVBER To Be Assi gned (B) FILING DATE: On Even Date Herewi th
(C) CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT | NFORVATI ON:
(A NAME: Bal dwin, Ceral dine F. (B) REQ STRATI ON NUMBER:
31,232 20 (O REFERENCE/ DOCKET NUMBER: 8002- 036
g
prme Qrd bR -0

-
A

25

=
o
=
o3
o
&
3
' - = O
~ b b
2 2 =
S 5 9
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22 ¢ 3
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(i x) TELECOMMUNI CATI ON | NFORMATI ON: (A) TELEPHONE: (212)

790- 9090 (B) TELEFAX: (212) 869-9741/ 8864 (O
TELEX: 66141 PENNIE (2) 1 NFORMATI ON FOR SEQ ID NO 1: 25 (i)
SEQUENCE CHARACTER! STI CS: (A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |ipear (ii) MOLECULE TYPE: DNA 30 Xi )
SEQUENCE DESCRI P 849280 | D NO 1 GATCATGCAT GGCTTCGTACP%@&SQ
27 (2) | NFORMATI ON FOR SEQ I D NO. 2; (i) SEQUENCE
CHARACTERI STI CS: 35 (A) LEAGTHH3 78 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear - 141 -
3000
Ll
b4 2500
gy ]
£
E
[ 3]
B
N
S
<3
=
el
[ =t
S
Q¥
=
0 y ;
0 2 4 6 8
Tota! GCV Inoculated {mg / mouse )
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(ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 2:

CTAGATGCAT CAGIGGCTAT GGCAGGEC 28
(2) I NFORVATI ON FOR SEQ I D NO 3: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 31 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: |inear 10 (1)
MOLECULE TYPE: (xi) SEQUENCE DESCRI PTION: S .
CTAGACTAGT TT&‘%‘P R\ TGACAACACC C Fcbldash 31
15 (2) | NFORVATI ON FOR SEQ I D NO 4: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 30 base pairs 24(/B§ }YPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: i near (i)
MOLECULE TYPE: DNA 20

: | FIG.12A
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: GATCGGATCC TTGCCCGGOG
CGGCGGOCTG

30 (2) | NFORMATI ON
FOR SEQ ID NO5: 25 (1) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 32 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: |i near (1)
MOLECULE TYPE: % 30 (xi) SEQUENCE DESCRI PTI ON: &ffardok)1d¥es 5:
CTAGAACCTT AT ATCTTTGITG TC
(2) 1 NFORVATI ON FOR SEQ I D NO 6: 2% / 3(7) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 31 base pairs 35 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: i near

- 142 -

FIG.12B
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(ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTION: SEQ I D NO 6:

GTACGATATC CAGAACGATG TGCATAGCCT G 31
(2) | NFORVATI ON FOR SEQ I D NO 7: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH: 9 ami no acids (B) TYPE: am no acid

(D TOPOLOGY: unknown (i1) MOLECULE TYPE: peptide 10

(xi) SEQUENCE TION: SEQ I D NO 7: Tyr Thr Se Al a
Hs Arg Ser w Sy 5 15 (2) | NFORMATI ON F 8T?(er5°No 8:
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 6 ami no acids

(B) TYPE: am no acid (3} T/C]§q7OGY: unknown (i)
MOLECULE TYPE: peptide 20 B

FIG.13A

FIG.13B
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(X|) SEQUENCE DESCRI PTI ON: SEQ | D NO 8: Ser Ay Tyr Arg lle Pro

5 (2) | NFORMATION FOR SEQ ID NO. 9: 25 (i)

SEQJENCE CHARACTERI STI CS: (A) LENGTH 25 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA 30 (xi)
SEQUENCE DESCRI PTI ON:  SEQ | D NO 9: GATCATGCAT GIGGAGGCTA Al
25 (2) | NFOMEHPBR FOR SEQ I D NO 10: (i) SEQJI':IT%@S%”MSO
CHARACTERI STI CS: (A) LENGTH: 30 base pairs 35 (B)
TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: i near 27737 - 143 -

L

.

~-
FIG.14A

FIG.14B
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(ii) MOLECULE TYPE: DNA (xi) SEQUENCE DESCRI PTION: SEQ I D

NO: 10: CTAGATGCAT CAGACAGCCG CTGCGAAGEC
30 10 15 20
WO 96/40238 PCT/USH6/10250
28737

FIG.14C
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M CROORGANI SM5 Optional Sheet in connection with the m croorgani sm
referred to on page 139-140, lines 1-35 of the description A

| DENTI FACATI ON OF DEPCSI T Further deposits are identified on an

addi ti onal sheet Name of depositary instition America Type Culture

Col |l ection Address of depositary institution |including postal code and
country) 12301 Rgskd.awg Drive Rockville, MD 20862 US Date 9f deposit

June 1,1995  Accession Number' 55686 B. ADDI TI ONAL | NDI CATFNESEIER e
blank if not application). This information is continued on a separate

att ached sheet C. DESI GNATED S‘l3<\ﬁES @ VWH CH | NDI CATI ONS ARE MADE
[err]
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D. SEPARATE FURNI SHI NG OF | NDI CATIONS (| eave blank if not applicable) The

I ndications listed below will be submtted to the International Bureau
| ater (Specify the general nature of the indications e.g., Accession Nunber
of Deposit) E. This sheet was received with the International

application when filed (to be checked by the receiving Ofice)
[err] The date Ipt (fromthe applicant) by the Internatioal Bureau
was W oshf35P ( Aut HGHBEE%P 1 | cer)

Form PCT/ RO 134 (January 1981)
_145- 31737

extract (10%)
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I nternational Application No: PCT/ Form PCT/ RO 134 (cont.) Anerican Type
Culture Collection 12301 Parldawn Drive Rockville, NMD 20852 us

Accessi on No. Dat e of Deposit 55685
June 1, 1995 55680 June 1, 1995
97179 June 1, 1996 55684
June 1, 1995 55683 June 1. 1995
55681 WO 96/40238 June 1.31953 7 55682  PCT/US96/10250
June 1, 1995 May 29, 1996
May 29, 1996 May29, 1996
May 29, 1998 - Vay
May 29, 1996 Growth of Clones 72 aig %S1h82
: in Human M2 Melanoma Cultures
. 1.0x 10%
;j-; 7.5 x 107+
+
5
<2
£ 50x10°-
E
P
S
2 5
L 25x10
0 i i 1 ¥ T i
0 ! 2 3 4 5 6 7
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FIG. 15D
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- 146- 1. A Dbiologically pure culture of
m cr oor gani sns selected fromthe foll ow ng strains:
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M cr oor gani sm ATCC Accession No. 5 Sal nonel | af%

typhi murium strain #70 55686 Sal nmonel | a
typhi murium strain #71 55685 Sal nonel | a typhi nuri um
strain #72 55680 Sal monel I a typhi nurium strain
#72[err] 97179 Sal monel I a typhi nurium strain
#14028[ err] 55684 10 Sal nonella typhi murium strain
#10428[ err] WO 960238 55gg3 Sal monel | a typhi muri um st r SIGVUBHS0EE0 1 |
55681 Sal nonel I'a typhi nurium strain 3%2[/&5 rj 55682
Sal nonel | a typhi nuri upldstrai n YS721 55788 Sal nmonel | a
t yphi murium strain YS@211 400 55787 15 Sal nonel | a
typhi murium strain YS4312 55789 and Sal nonel | a
t yphi murium strain YSZ213 i3 Conaels86. A
pl asnmiyd encodi ng the dder pes Sijnpl ex Virus t hym di ne ki nase gene
desi gnated pTK-Sec3 a havi ng AT X si on 97592.
3. A,plasm d encodin th%@Ecol i cytosine deafjyi nase gene desi gnat ed
pCD- Secl and havi ng A si on No. 97593. 4 A
pl asmi’'d encodi ng the hgman p450 oxi dor educt ase {gene desi gndtied
pSP- SAD4-5 and having TCC Accession No. 97591 5 A
conposition conprisi n an i sol ated popul
cell-specific 30 croorgcnl sns for treatingjfa solid tunpr cancer
wherein t he tgﬁ l{i- specific m croorgani sns are ffacultative
aerobes or facultativ es. . osition
according to claim 5 erel n Vector

::i
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t he isol ated popul ation of tunor cell-specific mcroorganisns 35 is an

i sol ated popul ati on of super-infective, tunor cell- specific

m croor gani sns. - 148 -

7. The conposition according to claim6 wherein t he super-infective,
tunor-cell specific population is at t enuat ed. 8. The
conposition according to claim7 wherein 5 the attenuated p é@%
expresses an al WorP&@2 pid A nol ecul e. 9. Q%# cgﬁgﬁsition
according to claim7 wherein t he attgyvgsef popul ati on i nduces TNF-a
expression to a | esser degree conpar§ a’ non-attenuated popul ati on. 10
10. The conposition according to claim5 wherein the isol ated popul ati on
of tunor cell-specific mcroorgani snms is selected fromthe group
consisting of Borrelia burgdorferi, Brucella nmelitensis, Escherichia
coli, 315 enteroi nvasi ve Escherichia coli, Legionella pneunophila,

Sal nonel | a typhi, Sal nonella typhinurium Shigella spp., Tr eponena

pal I'idum Yersinia enterocohtica, Chlamydia trachonatis, Listeria

nonocyt ogeni es, Mycobacteri um avi um cobact eri gmgovi s, Mycobacteri um
tubercul osis, Mycoplasma 20 honminis, Rigkettsiae qdi ntana, Streptococcus
spp. , Crypt ococcus neof ormans, HpsTopl asna capsuliat@m Pneunpcystis
carnii, Einmeria acervulina, Neospgka cani numgRasfiodium fal ci parum

Sar cocysti s sui hom nis, Toxopl as gondi i

Lei shmani a maj or, Leishmani af25 nexacana, Lept
Phyt ononas spp., TrypanasoTa cruzi, Encephal
hel m nt horum and Uni karyon Fegeri .

ei shrjani a amazonensi s,

onongs karyophil us,

tozogn guniculi, Nosema
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11. The conposition according to claim5 or 6
popul ati on of super-infective,

sel ected fromthe group
#14028[ err]

typhi murium strain #72[err] and Sal nonel |l a typhi murium strain
12. The conposition according to claim®6 wherein
of super-infect XP2%¥or cell -
culture of a soli ggw@r']S
time

(a) exposing a cell
m croorgani smfor a
m cr oor gani sm can

(b)

cul ture. 10

the isol ated popul ati on of tunor cell-specific m croorgani sns
(a) exposing a microorganismto tunmor cell 15

by:

conditioned nmediumfor a time sufficient to
m croorgani smto chenotact towards

condi ti oned nedi um 509*
m croor gani sms whi ch
condi ti oned

according to claim6 wheyein

tumor cell -

600+

400-

200

TNFot Production {pg/mL)

i sol ating a popul ati on of super-infective,
cell -specific mcroorganisnms fromthe
13. The conposition according to claim5 wherein

wherein the isol ated
tunor 30 cell specific mcroorganisns is
consi sting of Sal monella typhinmuriumstrain

Sal monel | a typhi nurium strain #14028 [err] Sal nonella

#72 [err].
the isol ated popul ati on
speci fic m croorgani sns is”ﬁﬁ@gﬁﬁgﬂ by:
cancer to a

sufficient so that the
infect the tunor cells; and
t unor

i nfected cell
i's produced

al l ow t he

the tunor cell
(b) isolating a popul ation of
chenotacts towards the tuno
medi um 20 14. The co
the isol ated popul ati on of super-
—o— 44028
—a— Y57242
—o— YST213
—a— SH5044

—e—SHT7622-64

fnfective,

-t

{ 10 00 1000 40000

LPS {pg/mL)

FIG.18
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specific mcroorganisnms i s produced by: (a) exposing a mamal

having a solid tunor cell 25 cancer to a mcroorganismfor a
tinme sufficient so that the m croorgani sm can

infect the tunmor cells; and (b) isolating a popul ation of
super-infective, tunor cell-specific mcroorganisnms from
t he ' infected tunor cells. 30 15. The

conposi ti on accO¥I6H#B3Eo0 claim 12, 13, or 14 wherein the TREYS8EHEEI sm
is subjected to nutagenesis before step (a). 16. The
conposition according to claim 12, 133 V¥ B 14 wherein the tunor
cell-specific mcroorgani sns are produced by repeating steps (a)
and (b) a desired nunber of tinmes. 17. The comnposition
according to claimb5, 12, 13, or 14 wherein the solid tunor cell cancer

i s mekanoma cancer. 5 18. The conposition according to claim
5, 12; 13, or 14 wherein the solid tunor cancer is colon carcinoma

cancef . 19. The conposition according to claimb5, 12, 13, 10
or 14 wherein the solid tunor cancer is selected fromthe gr oup

consi sting of lung cancer, |iver cancer, kidney cancer, prostate cancer
and breast cancer. 20. A conposition conprising a single

col ony cl one of an isolated popul ati on of tunor-cell specific

* P<0.05 AGAINST UNTREATED
** P<0.05 AGAINST UNTREATED AND YS7212

WEIGHT OF LUNG (G)
o
-3
H

UNTREATED
GCV

Y]
4
-3
=
-1
<
=
©
O
A

YS$7211/pTK-Saci
YS7212/pTK-Sect

- YS7211/pTK-Sect +GCV
v57212/pTK-Sect+GCV
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. REPLACEMENT SHEETS  SG

15 ni cr oor gamy taRALENT a Sol i d tumor cancer Dewhaiennptd ... it pagod ...,
cel | - speci fﬂ“lm”ma'mﬁiﬂgmr are facul tativel ger Slafisy @Qgtkit.fﬁﬂwgaged 158
anaer obes. * ¢ L u sZ2k The conposition acc nglimgh,{t]ggsgl; 1;55&;29__14\119&@@(1,..
the single colony clone ,of an isol ated popul ati OL @fzﬁbtséﬂl« r 2§a &l | - @gggeal_,g,

m croorganisnms is a single colony clone of an i'solated popul ation qf
super. - i;nf M—g%w M Sspecific~ 14 croor ghni sns. [2 %

5 . 7
The conposition according to claim20 wherein | trH@%u@Erﬁwm-i-xm-;-"f-nm

L

cel | -specific S'ng!QLPOlQQYbf&fB%?égﬁif_ﬁﬁfé”&??éﬁke of microorganfihs INE
conposition cpor(ilﬁg to cla% f Wneretl_—n .. the attenuated clone expresses
an altereds?i%f%e ?%CE?%. OLiowing SLIainsd The conposition according to
clai m 20 wherei n 30 ¥iereeyemuignd clone i nduces TNF-AECC|Accgssiys dpio a
| esser 5 mgnmzmpayﬂdizrmmmmmﬁémmed ﬁl one. | | lssc?s%fThe
conposi tion according, to, ¢claim?20 wherein t he single colony clone of an
iscr)rPat ed p‘g %??g%ag?y Rpirium S¥¥aln &7k i ¢ microorgani sms is s23@R% ed
fromthe ds9uRosE1 LONEY Sk MeDim BOEF£1h agpyrgdorferi, Brucella medddensis,
C L M S , . .- %g;z- Escherichia col 1,
ent er oi nvaSfdBorstier txphimenivm segabmef T2 pneunophila, Sal mor®l1Ee
typhi, Sal 5R0fbh&T 1Y PEY PR bl un SEEQEL | 1 8@Pgree-Tr eponema pal | | duRgg,
Yer si ni a,ent erocohti cd, Chlanmydi a trachomati s, Listeria nonocytogenies,
Mycobact er fatienadianty My tabatenrstne bovE 504 28/88bact eri um t uber cLBED583,

copl asma ) ' ' | g-ept ococcus spp.,
gryyp?ococcﬁEQﬂ%g?g%?gt@ﬁﬁ?{g% g%%n%g%ggéﬂ atum Pneunocysti s csa??ﬁ”r
Ei meri a ac8aymbinailaNeyshbmartemi stmaiPl #32Ufum fal ci parum SasseEystis

SUihoniniSSaIBéBQ&fgn@ygﬁfgé}ium strain ¥s8721 55788
Salmonella typhimurium strain ¥87211 55787

15 Salmonella typhimurium strain ¥S7212 55789

and Salmonella typhimurium strain ¥YS7213 55786.

2. A plasmid encoding the Herpes Simplex Virus

thymidine kinase gene designated pTK-Sec3 and having ATCC
20 Accession No. 97592,

3. A plasmid encoding the E. coli cytosine
deaminase gene designated pCD~Secl and having ATCC Accession
No. 97593.

25 4. A plasmid encoding the human p450

oxidoreductase gene designated pSP-SAD4-5 and having ATCC
Accession No. 97591.

5. A composition comprising:
an isolated population of tumor cell-specific
30 microorganisms for treating a solid tumor cancer wherein

the tumor cell-specific microorganisms are facultative
aerobes or facultative anaerobes.

6. The composition according to claim 5 wherein
the isolated population of tumor cell-specific microorganisms
35 is an isclated population of super-infective, tumor cell-
specific microorganisms.



10 Lei shmani a anmazonensi s, Leishmania major, Leishmani a
Lept ononas karyophil us, Phytononas spp., Tr ypanasoma crumﬂpﬂ”!u”m””ms
e 'egehi . s

Encephaht ozoon cuni culi, Nosema hel m nt horum and Uni karyo

26. The conposition according to claimZ2Q,or_21 wherein the single
col ony clone of an isolated popul ation of super-infective, tunor,

cel | -specific mcroorganiBifs GEPOS i@ BGFEING e FlaiP Gordiestdily of
Sal nonel | &hey Ehigar-iiumiect iste aitrundbiO;ceSdl mpeelilfd d yelpuhatien dSterai n #71,
Sal nonel | a3 dugddguri um strain #72, Sal nonel la typhi nurium strain
[err], Sal nonella typhinmuriumstrain YS721, Sal nonella t yphi muri um
strain YS7211, Salnonella typhinuriumstrain =~ YS7212, and Sal nonel | a
t yphi nuri um strai n ¥5721%he composition acrprdimg demsgsiist dh whersddi ng
claim?21 viter eltttmates Jogl B comrkmiaeofanmliteoled adpdepw ati on of
super - nof&sljae, tunor cell-specific mcroorgani sns is produced by:
(a) exposing a cell culture of a solid tunor cancer to
m croorganismfor a tine sufficient so that the

m cr oor gani sm can 3@ - The compositifegrtaaderdingpriaalllagdm 7 wherein

(bl) | i sol ating stipidiaid gropilatied -imfesdd ivF-o express_ic?n to a t ulrrIDr
gﬁl t ufgf(;::aind&s‘ﬁl C&é&é@%ﬁ%ﬁéﬁ[ﬁé lt}finnogn-f%teteﬁlélﬁu e ipgr?qls%(ﬁgaggd Fﬁ step
(b) so that single colony clones are obtained. 35
- 152 - 8. Tiee cormussitiom scomndling tte cdlaiim 20 whisgredim
single coleny rdometad wipiBot 242G | fsddiiic BRidocHRG fdns
m croor ganj $nNBe{ S-PLPRCEH fye group consisting of Borrelia
burgdorferi, Brucella melitensis, Escherichia coli,
s enteroinvasive Escherichia coli, Legionella pneumophila,
Salmonella typhi, Salmonella typhimurium, Shigella spp.,
Treponema pallidum, Yersinia enterocohtica, Chlamydia
trachomatis, Listeria monocytogenies, Mycobacterium avium,
Mycobacterium bovis, Mycobacterium tuberculosis, Mycoplasma
20 hominis, Rickettsiae quintana, Streptococcus spp.,
Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
carnii, Eimeria acervulina, Neospora caninum, Plasmodium
falciparum, Sarcocystis suihominis, Toxoplasma gondii,
Leishmania amazonensis, Leishmania major, Leishmania

25 mexacana, Leptomonas karyophilus, Phytomonas spp.,
Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema

helminthorum, and Unikaryon legeri.

11. The composition according to claim 5 or 6
wherein the isolated population of super-infective, tumor
cell specific microorganisms is selected from the group
consisting of Salmonella typhimurium strain #14028°°"7",

Salmonella typhimurium strain #14028 "™P?, Salmonella

typhimurium strain #72°°"', and Salmonella typhimurium strain

#72 PoPE,
35
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(a) exposing a nijroorﬂanlsn1to t unor condi ti oned
medium for a tine allow the mcroorganismto
(b) isolating a populatlon ‘of n1croorganLShs-mh|ch

chenot acts towards hﬂf t%%; cel | condltlonegzsi + i f{b¥FEdlun] and
10 (c) cutduri s RN g ineda Flstiap erein

so that siti el =xdladmed ghamesataren adft aupesk-infective, tumd?O.cellle-

Conposi t i RSOy it ASorsd Al 1Bl &Y fadhceétg?single col ony cl one of an
i sol ated popul ation of super- | nfective cell-specific

m croorgani sns i s produced by: 15 (a) exposing a manmal having
a solid tunor cell (&) exposing a cedhcatlture aff & sorlgahitsmdmr a tine
suffici&ent so that the nieoassgad snidtroorganism for a t i ect the t unor

cell's; (b) T0t@dd Nigha é’chéH% RE11N q{l&Lﬂ%ﬁrgéx{fs%{:tda\ff

tunor cell-specific n1croor ani qf from ted
tunor cells; and in eé&(ﬁ < QWHQrﬁf%%ﬁ? FoBll ation isolated in step
(b) (bko ismtatingle puwktidroms surenbrdawddve,

30. The conposition accor@un&g_~ e Xl -8 i 1 @ 8nidr ol gtth MY Siribrd e
m croorgani smis subject %h §@H %§¢_‘E§Qefore step (a).
31. The,gonposition according clai'm 29 wherein the tunor
cell-spé ific mcroorgani sns are produced by repeating steps (a) and (b)
a desired nunber of BD.tiThs dmiprsitsiep dejording to claim Bathekeein
CONMpPOSsi t i OPh@CLES Th B Lok Ba 1. 39, o2 Trurddr cem~s?1;9ecyM@lmdﬂaﬁ:ﬁ§aﬂﬂsn¥émDr
cel | cance%slé59@é§&§ cancer. The conposition according
to claim 20, ) t 29 wherein the SO|Id tunnr cancer is colon
car ci noma cancer
(a) exposing a microorganism to tumor cell
15 conditioned medium for a time sufficient to
allow the microorganism to chemotact towards
the tumor cell conditioned medium; and
(b) 1isolating a population of microorganisms which
chemotacts towards the tumor cell conditioned
medium.
20
14. The composition according to claim 6 wherein
the isoclated population of super-infective, tumor cell-
specific microorganisms is produced by:

(a) exposing a mammal having a solid tumor cell
25 cancer to a microorganism for a time
sufficient so that the microorganism can
infect the tumor cells; and
(b) 1isolating a population of super-infective,
tumor cell~-specific microorganisms from the
infected tumor cells.
30
15. The composition according to claim 12, 13, or
14 wherein the microorganism is subjected to mutagenesis
before step (a).

16. The composition according to claim 12, 13, or
35 14 wherein the tumor cell-specific microorganisms are

ooy

.." NI {
g

e




- 153 - 34. The conposition according to claim 20, 27, 28 or
29 ' ﬁﬁﬂ d tunor cancer is selected fromthe group consi sting
of“‘mam\gmm iBtver cancer, ki dney cancer, prostate cancer and breast
caheer¢ 5w s % 35. The comppgjtion according to claim20 or 21
wherein the single colony clone is genetically engineered.

36. The canpwbiaddrbvceepeihing cidrs ni@s atkbr@in a demirgdhgiunkart of cl one
expresses taimdd ci de gene. 10 37. The conposition according to

cl ai m 36 wherein the suicide gene is encoded by a plasm d selected from
t he group consi sting of pTK-Sec3,, pCD Secl, and pSP- SAD4-5.

38. The conposition attorthhFIPE L IRBAGHHEH 9 taihg e ot ohdr cl one

expresses @r sifi oithiareionctivel selid Eudr orelhecaperip Hnsd ananp ofanpzso.
oxi dor efluct ase, HSV thym di ne ki nase, E. coli cytosine deanm nase,

car boxypepti dase @&2,,]errd. gl @If&f Led llin-V--am e,
penicillin-G am dase],'%'[ errir‘?gl ack%ér%qée, e%‘?f%‘f%%%s%a%%ﬁngaém tlrzo’r e:L 'ct ase

and car box§pebt i¥hRee il the solid tumomgrandge 1RO i H HRBRi ng to
cl ai m 37 ora®@er.wherein the suicide gene is selected fromthe group
consi sting of HSV thym di ne kinase and E. coli cytosine deam nase. 25

40. The conpositio ccaofding to claim 36 wherein r essi on, of_the

sui cide _gene is conp¥%1Ig%h%yg%?posﬁéﬂg?i??ﬁ?ﬁé%%?dﬁ%ﬁgﬁgungf’ {b' 15’ 41.
The conpdsP¥ibh Weewr it nfhe oSel i ntwsenerreer iexrtacteh Bron Hebgui ci de
gene i s coutowp | ecndisting ndficlithg@ cancer, liver cancer, kidney cancer,

prostate cancer and breast cancer.

20. A composition comprising a single colony clone
of an isolated population of tumor-~cell specific
15 microorganisms for treating a solid tumor cancer, wherein the
tumor cell-specific microorganisms are facultative aerobes or
facultative anaercbes.

21. The composition according to claim 20 wherein
the single colony clone of an isolated population of tumor
20 cell-specific microorganisms is a single colony clone of an
isclated population of super-infective, tumor cell-specific
microorganisms.

22. The composition according to claim 20 wherein

the super-infective, tumor cell-specific single colony clone
25 is attenuated.

23. The composition according to claim 22 wherein
the attenuated clone expresses an altered lipid A molecule.

24. The composition according to claim 20 wherein
30 the attenuated clone induces TNF-o expression to a lesser
degree compared to a non-attenuated clone.

25. The composition according to claim 20 wherein
the single colony clone of an isolated population of tumor
cell-specific microorganisms is selected from the group

35 consisting of Borrelia burgdorferi, Brucella melitensis
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30 pronoter. 42. The conposition according to claim 36

bramot er that 1< activated i n spectti o tarost el o < ae’ THRHENN IR INNUIIN

43. The conposition according to claim42 wherein expression of thé ° -~
suicide gene is controlled by a bacterid pronoter that_is activated in
speci fic tEfshesgrhda coli, enteroipvasiveelsishebichiagrotts ¥o713ebi2d

tunor 5 cappehmopRYPEL SkBImonella tyghi, shPhoREPPS| PPpR: bl LDk ed sanpl e of
cel I s suspected of “bei hg cancer cell’s to a tunor-specific
m cr oor ganFBivedlaasppre slrepeneng Balihdum, Yersinia enteroggplptica,

”iCrOorganbﬁﬁhﬁ?ﬁi%”%ﬁgE?%Egtﬁsllﬁi&@eria mpnocytogeRYeRECh§EoBh e P
cancer ous; expbsing a sanpl e of nodn-cancerous counterpart
control Scekvsump Myeobamberdpmchbbviés, Mycobacterium tuberoeig@abfsm for the

same tine; c o+ (Cly Iy | ct L]
m cr oor gan %gplasma hominis; kl%ggeﬁﬁéggeépgnggé%éc§é%é%¥8%%%§gsc%ﬂgéfous
and 15 Cryptococcusheepdoraanser Histopliaspapeapsudatum} Erélimocystis

45. The nethod ,accqr.ding to claim,44 wherein the _.m.cro ani sm.is

sel ected | FGRTiRe GiBEs-CoRSFEPIAG A NOBSPPER| SaBiPElior FAFPORIERE! | a

mel i tensi s raeGheruel)i gageblystienkaibhyaskyerbeepeasnbi goggliii, Legionella
pneunophi,l a, , . Sal nonella typhi,, Sal nonella typhi nurium_ Shigella spp.,

Tr epone 6§PFPEGWHaY€W§FﬁP§n§HFeréééﬁgﬁéﬁ?ac%ﬁéﬁﬁdi5915PP35 Brati s,

Li steria mMReeH-98enirastobaalaghes by aksUMphytomonas spp. ,
Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema

helminthorum, and Unikaryon legeri.

15 26. The composition according to claim 20 or 21

wvherein the single colony clone of an isclated population of

super-infective, tumor cell-specific microorganisms is

selected from the group consisting of Salmonella typhimurium

strain #70, Salmonella typhimurium strain #71, Salmonella

20 typhimurium strain #72, Salmonella typhimurium strain
#72°372, salmonella typhimurium strain ¥S721, Salmonella
typhimurium strain ¥S7211, Salmonella typhimurium strain

¥S7212, and Salmonella typhimurium strain ¥YS7213.

27. The composition according to claim 21 wherein
the single colony clone of an isolated population of super-
infective, tumor cell~specific microorganisms is produced by:

25

(a) exposing a cell culture of a solid tumor
cancer to a microorganism for a time
sufficient so that the microorganism can
infect the tumor cells;

(b) isolating a population of super-infective,
tumor cell-specific microorganisms from the
infected cell culture; and

{c) culturing the population isclated in step (b)
so that single colony clones are cbtained.

30

35
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Mycobact eri um bovis, Mycobacterium tubercul 05| s Eﬂz 5 hom ni s,

Ri ckettsi ae qui ntana, Streptococcus spp. nans

H stopl asna capsul atum Pneunpcystis carnl

Neospora cani num Pl asnodi um fal ci par, Sar cocyst IS sui hom n| s

Toxopl asma gondi i, Lei shmani a amazonéﬁ? IS, Leishmania major, Leishmania

30 mexacana, Leptono#fs KE#?O%ﬁW@Q@#t¥¢W¢%ﬁﬁﬁﬁﬁ#@ﬁuﬁ0 Claﬂwy%%ﬁﬁﬁ%m%@%ru2|
Encephaht ozloors il € ukd 1 ofNpsehdne ohedrm tédbatwd ok Lt kat yofh tegeri .

46 The metborl A5cor el atnl O 6bAah Anahes Shfoddite b{nycroorgani smis

selected fromthe group consisting of 35 Sal nonell phi murium strain
#14028[ err], Salnonella - 155 -

typhi nurium strai n #§3D28pEpe$ing Sul wirePPEIAYHIN e i TmeT reehl  #72[err],
Sal nonefl a typhi muri um stcmm#ﬂ&é@rmémxﬁalf@me&Immetsapfmmﬂémns&ral n

#70, Sal nonel | a typhinuri r I n
#72, Sal nonel | a typhlnurlgfl g%?é? éﬁ%%riéér Sa nnne a typ #p%%%#%n1
strain YS721, Sal nonel | 52¢ y PR r Feht sEPRE me %Dnella

typhi murium  strai n{¥572igolahingat npeetlat iyphd fumicnestgan s Az Bch

47. The nethod accordi ng ¢RefbBaStLALIbEF @6 Nthd erdhbi €& DD Goid 581 difed
produced by: Mm exggélng a cell culture of a solid tunor
cancer B a mcroorgan$sm?or a ti ficient so that
t he ni crfoorgani smca culturing the PAPRttioe %Wt%%ljr% steR U8
(b) isolating a popul atisa thatupinglafeclong, clones are obtained unor
cell-specific mcroorgani sns fromthe I nfected cel

cul ture. 29. 48rndNENELLPL: 86 CQLALPE: 1Y €L AL At JPehRbP10e

the single colony clone of an isolated population of super-
infective, tumor cell-specific microorganisms is produced by:
15
(a) exposing a mammal having a solid tumor cell
cancer to a microorganism for a time
sufficient so that the microorganism can
infect the tumor cells;
(b) 1isolating a population of super~infective,
20 tumor cell-specific microorganisms from the
infected tumor cells; and
(c) culturing the population isolated in step (b)
so that single colony clones are obtained.

30. The composition according to claim 27, 28 or
25 29 wherein the microorganism is subjected to mutagenesis
before step (a).

31. The composition according to claim 27, 28 or
29 wherein the tumor cell-specific microorganisms are

produced by repeating steps (a) and (b} a desired number of
30 times before step (c).

32. The composition according to claim 20, 27, 28
or 29 wherein the solid tumor cell cancer is melanoma cancer.

33. The composition according to claim 20, 27, 28

35 or 29 wherein the solid tumor cancer is colon carc1noma
cancer. -
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m croorganismis pr : (a) exposing a mcroorgani sm
to tunor cell r"mﬂ IJU Mtioned mediumfor a time sufficient to
T

al l ow the m croorganks t owar ds t he tunor
cell conditioned nedium and - 153 (b) isolating a popul ation of
m croor gani sms whi ch_25 . .chenpotacts towards the tunor cell
conditi oned 34. The geppegition according Qﬂlch@kﬁrﬁﬁhdﬂ7ac%%rding

to claim Mrvsmarveﬁlwqam the nscl Ddrigamds neascar odsicesl dyted 3from the (a)
exposi ng agr@ipbtonaysPing 68! 1dnd Wedicée) | 1iver cancer, kidne#ﬁ?ﬁﬁ%eﬁ? a
e

m croorgan$§g§£8£eacélilggr and breasti%?%c sufficient so that

m cr oor gani sm can €T  the t unor cells; and

(b) isolating a popul ation of super-infective, t unor

cel | -spécific nicrootganishe tomposheid@5 according to clafmci@dot upr
cells. wherein the single colony clone is'?éﬁﬁ%ically_engineé%hdjhe

nmet hod according to clainm 47, 48 or 49 further conpri’sing:

(c) culturing the pogulation i solated in step (b) so t hat

singl e col ony cl ones3ére Bheafoposition accordimy tqhelavs v weoeding to

claim 47, #YBeosidgle toldhprctonprésprgsses a suicide genesubjecting the
m croorgani smto nutagenesis before step (a). 10

52.  Thggmet hod accogglngTﬁg gégﬁgéfgioé8aggoé§ingfégtgfgi£0§£r$§ép in

the suicide gene is encoded by a plasmid selected from the
group consisting of pTK-Sec3, pCD-Secl, and pSP-SAD4-5.

38. The composition according to claim 36 wherein
the single colony clone expresses a suicide gene selected
15 from the group consisting of p450 oxidoreductase, HSV

thymidine kinase, E. coli cytosine deaminase,

carboxypeptidase G2, P-glucuronidase, penicillin-V-amidase,
penicillin~G-amidase, B-lactamase, B-glucosidase,
nitroreductase and carboxypeptidase A.
20 L ) .
39. The composition according to claim 37 or 38
wherein the suicide gene is selected from the group
consisting of HSV thymidine kinase and E. coli cytosine

deaminase.

25 40. The composition according to claim 36 wherein
expression of the suicide gene is controlled by a
constitutive promoter.

41. The composition according to claim 36 wherein

expression of the suicide gene is controlled by an inducible
30 promoter.

42. The composition according to claim 36 wherein
expression of the suicide gene is controlled by a bacterial
promoter that is activated in specific target cells.
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repeating steps (a) and (b) a desired nunber of tinmes.
53numumllﬁﬁuﬂﬂdel ng to claima44, 47, 48 or 49 15 wherein the solid
tu mel anoma cancer. 54. The net hod accordi ng
to clai'm44, "47% 48 or 49 wherein the 46#i d tumor cell cancer is colon
carcinoma  cancer. 20 55.  The nethod according to claima44, 47,
48 or 49 wherein the sothel eemees darierageoxding thl ko t4ve vraupln

consi sti ngexgrdamipr ant ethe |dwitidarmaie id dmytesilosl by Primsitedwianncer
and breastp£af6€dr that is activatdy ﬁh%é@;ﬁi‘f)ﬁ: acading 10, claim 44

wherein the 25 mcroorganismis genetic engl neer ed. 57. A
di agnostic kit conprising an effective anmpunt of a tunor-specific

m croor gani sm 44. A melgmd Wt dadprsts cEa ta swbrditipen ¢l ai m 57
30 wher 2i ncaheet pnosmspeeifdge m croorganismis a super- i nfective,
tunor-specific m croorgani sm 59. The diagnostic kit

according to claim5b further conpyising. non-cancerous counterpart
control cells. 35 Za) EXp%%%ngﬁg)b‘?%'%%ﬁ%m%? %(,‘Eﬁ]d}rshgs‘ﬁ?%q‘%% 57
wher ein the m croorgani snef sceui@ctancdr orelhe g quptumor-speciftionsi sting
of Borrelia burgdorferi, Bfsesdtganblntensi s, tindsaberficiimt 6 ithat

ent er oi nvasi ve Escherichig,£aliq, Qr'i‘féﬂxacan pmh&ﬂg,c%émnel | a
typhi, | mronel | a typhi murium 1gelTa SQE., reponema palTT dum
Yer si ni & ent er ocoht i ca, suspected of being cancerous;

(b} exposing a sample of non-cancerous counterpart
control cells to the tumor-specific
microorganism for the same time; and

{(c) comparing the infectivity of the microorganism
for the cells suspected of being cancerous and

15 the non-cancerous counterpart control cells.

45, The method according to claim 44 wherein the
microorganism is selected from the group consisting of
Borrelia burgdorferi, Brucella melitensis, Escherichia coli,
enteroinvasive Escherichia coli, Legionella pneumophila,

20 Salmonella typhi, Salmonella typhimurium, Shigella spp.,
Treponema pallidum, Yersinia enterocohtica, Chlamydia
trachomatis, Listeria monocytogenies, Mycobacterium avium,
Mycobacterium bovis, Mycobacterium tuberculosis, Mycoplasma
55 hominis, Rickettsiae quintan?, Streptococcus spp.,
Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
carnii, Eimeria acervulina, Neospora caninum, Plasmodium
falciparum, Sarcocystis suihominis, Toxoplasma gondii,
Leishmania amazonensis, Leishmania major, Leishmania
30 mexacana, Leptomonas karyophilius, Phytomonas spp.,
Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema

helminthorum, and Unikaryon legeri.

46. The method according to claim 44 wherein the
microorganism is selected from the group consisting of
35 salmonella typhimurium strain #14028°°°', Salmonella



5 Chl anydia trachomati s, Listeria nonocytogenies, Mcobacterium avium
Mycobact eri um bovis, M/cobacterium tubercul osi s, Nycoplﬁﬁuﬂumﬂﬂl

Ri ckettsi ae quintana, Streptococcus spp., Crypt ococcus ﬂmﬂnlnﬂﬂ
H stopl asna capsul atum Pneunobcystis - &abnii, Eineria acervul’i n4, WNeospora
cani num Pl aspodi um 10 fal ¢i parum Sarcocystis suihom nis, Toxoplasna

gondi i , EﬁP@ﬁﬁﬁﬁF&maﬁﬁféhénﬁiéozﬁelshnﬁﬁ?%?%%}%@ EYRRURKEHIA SthRekAcana,
Lept0”Dnas#kﬁfyﬂPthQﬁonE@YEOE?BB§m§PPum stH& YRAPRFONR, Cé&@ﬁ@nella _
Encephaht ozoon cuni cul i, Nosenwn hel mi nthorum and Unik on legeri. 15

61. The di AYyRBimpPEiRmt S‘a‘ééénd#ﬁgftsaémanﬁi%@ typwiéwwm #erHotgani sm

Is selecte n 949 strain
T ees il R e e e Tt S M T
typh|nuﬁluﬁﬁgﬁnalﬁ7#?§[erSplmsaEQQQetYahtypnlumr$umasmrﬁﬁﬁZl #72[err],

Sal nonel | ag Liu 0 u

Sal nmonel | a %%%EP%E%lu%?&PEﬂpglgé St§gng?§z%g}r % %ﬁ%%%%u %#@#Pl#
#72[err], S&ranneNBazuyphandrSammoneiﬂaatppﬁfﬁ&ﬁ;uﬁa$hn&éhInsvgpmtnurlum
strain YS7211 25 Sal nonel |l a typhimurium strain YS7212, and Sal nonel | a
typhi muriumstrain YS7213. 62. The dlagnostlc kit according
to claimb58 wher e#d -t h&hgi BpEbpganrsarfdngehet ftainy4 ényhaseivdthe

63. ThqOcuﬂpm@brganlamcdsdpngdhcedlayns 5, 12, 13 or 14 wherein the
solid tunor cancer is a netastatic cancer. 64. The
conposition accordinq 50 cl ai s 20a 27 1128 10l mher 3 %he solid tunor
cancer is a netastati‘®/cafffgP=INg & cell culture 5 unor - 158
- 65. The neeRe@rateordmigreoorepnigs far artimg or

sufficient so that the microorganism can
infect the tumor cells; and

15 (b) isolating a population of super-infective,
tumor cell-specific microorganisms from the
infected cell culture.

48. The method according to claim 44 wherein the
microorganism is produced by:
20
(a) exposing a microorganism to tumor cell
conditioned medium for a time sufficient to
allow the microorganism to chemotact towards
the tumor cell conditioned medium; and
{(b) isolating a population of microorganisms which
95 chemotacts towards the tumor cell conditioned
mediun.

49. The method according to claim 44 wherein the
microorganism is produced by:

10 {a) exposing a mammal having a solid tumor cell
cancer to a microorganism for a time
sufficient so that the microorganism can
infect the tumor cells; and

(b) isolating a population of super-infective,
tumor cell-specific microorganisms from the

infected tumor cells. e e e e
oay
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49 wherein the solid tunor

15

10

15

20

25

30

35

20

further

further

further

wherein

wherein
cancer.

cancer
25

- 156 -
50. The method according to

comprising:

(c)

Is a netastatic cancer.

MR 0 llll

10

claim 47, 48 or 49

culturing the population isolated in step (b)

so that single colony clones are obtained.

51. The method according to
conprising:

claim 47, 48 or 49

subjecting the microorganism to mutagenesis

before step (a).

52. The method according to
comprising:
repeating steps (a) and
of times.

53. The method according to
the solid tumor cell cancer is

54. The method according to
the solid tumor cell cancer is

55. The method according to

claim 47, 48 or 49

{b) a desired number
claim 44, 47, 48 or 49
melanoma cancer.

claim 44, 47, 48 or 49

colon carcinona

claim 44, 47, 48 or 49

wherein the solid tumor cancer is selected from the group

consisting of lung cancer,

prostate cancer and breast cancer.

56. The method according to

liver cancer, kidney cancer,

claim 44 wherein the

microorganism is genetically engineered.

57.

A diagnostic kit comprising an effective

amount of a tumor-specific microorganism.

58.

The diagnostic kit according to claim 57

wherein the tumor-specific microorganism is a super-

infective,

59.

tumor-specific microorganism.

The diagnostic kit according to claim 57

further comprising non-cancerous counterpart control cells.

60.

The diagnostic kit according to claim 57
wherein the microorganism is selected from the group
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consisting of Borrelia burgdorferi, Brucella melitensis,

- 157 -

Escherichia coli, enteroinvasive Escherichia coli, Legionella
pneumophila, Salmonella typhi, Salmonella typhimurium,
Shigella spp., Treponema pallidum, Yersinia enterocohtica,
Chlamydia trachomatis, Listeria monocytogenies, Mycobacterium
avium, Mycobacterium bovis, Mycobacterium tuberculosis,
Mycoplasma hominis, Rickettsiae quintana, Streptococcus spp.,
Cryptococcus neoformans, Histoplasma capsulatum, Pneumocystis
carnii, Eimeria acervulina, Neospora caninum, Plasmodium
falciparum, Sarcocystis suihominis, Toxoplasma gondii,
Leishmania amazonensis, Leishmania major, Leishmania
mexacana, Leptomonas karyophilus, Phytomonas spp.,
Trypanasoma cruzi, Encephahtozoon cuniculi, Nosema

helminthorum, and Unikaryon legeri.

61. The diagnostic kit according to claim 58
wherein the microorganism is selected from the group
consisting of Salmonella typhimurium strain #14028°°7',

Salmonella typhimurium strain #14028°%, Salmonella
typhimurium strain #72P°®!, Salmonella typhimurium strain
#72P°°7?, Salmonella typhimurium strain #70, Salmonella
typhimurium strain #71, Salmonella typhimurium strain #72,
Salmonella typhimurium strain #72°°?, Salmonella typhimurium
strain ¥S721, Salmonella typhimurium strain ¥YS7211,

Salmonella typhimurium strain ¥S7212, and Salmonella
typhimurium strain ¥S7213.

62. The diagnostic kit according to claim 58
wherein the microorganism is genetically engineered.

63. The composition according to claims 5, 12, 13
or 14 wherein the solid tumor cancer is a metastatic cancer.

64. The composition according to claims 20, 27, 28
or 29 wherein the solid tumor cancer is a metastatic cancer.

oM A “RAITRIY “ """ih"
CPLACEMIENT Shivis

et e = e s

07 i oy | |
|

R



10

15

20

25

30

35

- 158 -

65. The method according to claims 44, 47, 48 or

49 wvherein the solid tumor cancer is a metastatic cancer.
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