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relates to use of non-invasive bacteria, 5 generally Gampositive

bact eri a suchwas7i4ssst ococcus, in providing biologically ackCReBsEI5BhHepti des
I n the body, especially at nucosa. In one aspect this relates to provision
of an adjuvant effect by neans of which an i Mmune response raised to an
antigen is enhanced. 10 Nucl ei ¢ acid constructs and host organismfor
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i nvol ved in the prd&%ilpggg%flg{ngcagﬁ;%iﬁ@@ﬁ%&% vg(k:}tél'vg"lix?/on of B cells
and T cells has drpsgiati&nt ii@nreédatde geoasebbt idon-ehvasivg vhbesgid act ors
(cytoki nes) 20 to augnent responses to vaccines, and to direct the imune
response to a Ppartdererally dbwimnpoaiving deskerih padway skadiveogead, for this
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anti body formation o ector cell's and nacrophagés are actrvated is
to provision of an adjuvant effect by meards of which an

immune response raised to an antigen is enhanced.
10 Nucleic acid constructs and host organism for these
applications are also provided.

The limited number_of adjuvants approved for use
in human vaccines” {owing to the toxicity or
pathogenicity of the most active agents such as

i5 Freund’s complete adjuvant) and the discovery during
the past 20 or more years of numercus polypeptides
involved in the proliferation, differentiation and
activation of B cells and T cells has drawn attention
to the possibility of using these factors (cytokines)

20 to augment responses to vaccines, and to direct the
immune response to a particular vaccine along desired
pathways. The need for this approach has become even
more apparent as recent immunological discoveries have
emphasised that cell-mediated and antibody-mediated

25 immune responses are to a large degree mutually

. exclusive responses. Whether antibody formation ox

effector T-cells and macrophages are activated is
determined by which particular array of cytokines is

elicited by any given antigen, pathogen cor wvaccine.



determ ned by which particular array of cytokines is elicited by any given
antigen, pathogen or vaccine.- WO 97/ 14806
PCT/ GB96/ 02580 2 Most inportant is the functional activity of the types of

hel per T cells THL, or TH2, which are involved in the res y
particul ar aW@%f4#¥r i nvadi ng pat hogen. 5 Si nce %ggtecﬁlve

I mmunity to a pathogenic agent usually arises as a consequence either of
anti body-formation (extracellul ar pathogens, sol uble toxins or
intracel lul ar pathogens following their release into tissue fluids from
dead, dying or 10 productive cells) or of cell-nediated responses
(intracellular path it is.in princigle hi ghl y advant ageous to be able

ogens) it is _
to direct inmmune F‘ngo At aig ddts FEnEbiRRs aéFgﬁé?Yaﬁf't tB8dYBSY nat i on

or T-cell and WHCBQPHQEE%@GIII 5\4%;0&1,'_ ?’g?*’gf;f IM@L Lhe a%_%gﬁg&!i&?. 15

effects of vaccination shou per si st ong as possible it is also
i mportant to be akhe resgsidenee ame parplictlste amtugahi on AaRvddEREOr Y

conponents of the immune response. For these reasons numerous investigators
have 20 f ocusedPRRBPEERt t ention on the possibility of harnessing one or
more of the n%gbers of éiﬁ%ep¥%8§é£¥§ve immunity to a pathogenic agent
usually arises as a consequence either of
antibody-formation (extracellular pathogens, soluble
toxins or intracellular pathogens following their
release into tissue fluids from dead, dying or
10 productive cells) or of cell-mediated responses
(intracellular pathogens) it is in principle highly
advantageous to be able to direct immune responses to a
vaccine towards either antibody formation or T-cell and
macrophage activation. In order that the protective
1s effects of vaccination should persist for as long as
possible it is also important to be able to enhance the
amplitude, duration and memory components of the immune
response.
For these reasons numerous investigators have
20 focused their attention on the possibility of
harnessing one or more of the members of the cytokine
network of signalling proteins as vaccine adjuvants.
This approach may be even more significant when it is
considered that the loss of helper T cells - and hence
25 of their cytokine output - may be associated with the
failure of individuals suffering from certain types of
inherited or acquired immunocdeficiencies to be able to

respond to particular wvaccines.
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Al t hough nmuch attention has been paid to the use of cytokines for these
purposes only limted success has been reported in harnessing cytokines as
adj uvants. Considerable difficulty has been3encountered in S adm ni stering
adj uvant cytokines by methods which woul d be appropriate for inclusion in a
vaccine regi nen. This diFfCHER R afEentdambapi keempaids & it w88 st udi es
of the use of IL-2_as Y . -2 ttr ed. particul ar attention
as a 10  possi bl e°§d?fﬁk§¥;b§e?§ﬁs%§é§§|Pﬁ%@% 5 fgi%r#%égﬁggls%%ﬁﬁﬁﬁe i s
thought to be T hehperbdert dlebbrtéd SinThadhedirig! it SRirL aRChaANARM L0

i nclude i nvolvenent in w de rangi ng aspects of inmmune responses, such as
T-cel |l proliferati &apsidarabint Aefficudtyohderbeept ektoasteri8dcehl 15 growth

and i nmmunogl obyl i n nthesis. Thus IL-2 is a T cell-derived cytokine which
was first descri befd@inistering adjuvant cytokines by methods which would

be appropriate for inclusion in a vaccine regimen.
This difficulty may be exemplified by reference to
studies of the use of IL-2 as an adjuvant.
IL-2 has attracted particular attention as a

10 possible adjuvant because, although its principal
source is thought to be T helper 1 cells, its major
activities are believed to include involvement in wide
ranging aspects of immune responses, such as T-cell
proliferation, the synthesis of other cytokines, B-cell

15 growth and immunoglobulin synthesis. Thus IL-2 is a T
cell-derived cytokine which was first described as a T
cell growth factor. It is now known to stimulate
growth and differentiation of T cells, B cells, NK
cells, monocytes, macrophages and oligodendrocytes. 1In

20 general, adjuvant activity on the part of IL-2, which
has been reported by many workers, has been found to
depend on the use of multiple injections of the
cytokine or its incorporation into liposomes or oily
emulsions. To avoid this need, other workers have

25 either co-expressed IL-2 with vaccine antigens in
recombinant bacterial and viral vectors, or have
engineered IL-2:antigen fusion proteins; the latter are

claimed to provide marked enhancement of the
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adm ni stration of the smallest possible nunber of doses, and to be suitable
for adm ni strati on vi a Quheesdésitailac eBat®&cterigrals yof iviickanasal |y, or
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mune: responses. Tbe. CARAY b4 { Qs Thk WG AIRLLE LA O,

smallest possible number of doses, and to be suitable

for administration via muccsal surfaces (e.g. orally,
intranasally, or intra-vaginally) thus obviating the
need for hypodermic needles, and activating local,

10 mucosal immune responses in addition to systemic immune
regponses. The capacity for continued prcliferation of
live, attenuated pathogens has resulted in numerous
studies of the use of recombinant vaccine strains of
viruses and bacteria (such as vaccine strains of pox

15 viruses, or of salmonella and tubercle bacteria) as
agents for the delivery of heterologous antigen;.

We have previously develcped systems for the
expression of heterologous antigens in the
non-pathogehic, non-colonising, non-invasive food-grade

20 bacterium Lactococcus lactis (see UK patent GB-
2278358B). We have shown previously that Lactococcus
lactis is able to produce and secrete bioclogically
active murine IL-2 when cultured in vitro (Steidler et
al., Applied and Environmental Microbiology, April

25 1995, Vol. 61, No. 4, ppl627-1629). However, owing to
the fact that Lactococcus lactis is non-invasive - it
is indeed not a commensal bacterium ncor otherwise

normally associated with the colonisation of mucosal



i ve, attenuated pathogens has resulted in nunmerous studies of the use of
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devel oped sywicefmado®’ the expression of heterol ogous anti FEREBI¢025¥

non- pat hogeni ¢, non-col oni si ng, non-invasi ve food-grade 20 bact eri um
Lactococcus lactis (see UK patent GB- 2278358B). W have shown previously
that Lactococcus lactis is able to produce and secrete biologically active
murine IL-2 when cultured in vitro (Stei dler et al., Applied and
Environnental M crobiol ogy, April 1995, Vol . 61, No. 4, ppl627-1629).
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coul d be successfully enployed in™a vaccination strategy which required the
formati on of an adpgueamit cytokine im wiveo. Wk Haseeppeeidusdgl shairown 5
(GB-2278358B) that heterol ogous antigen can be fully antigenic when

accunul at ed wi% hi AGBh2273R85 athsbfhetgrpbedria RNLAGER Sary gén’f%ﬁl{:h it is

presumed to | eak antigenic when accumulated within the cytoplasm of

Lactococcus lactis (from which it is presumed to leak
in vivo as the cells are digested by phagocytic cells).

By the manipulation of the appropriate genetic

10 elements we have provided nucleic acid constructs {(here
artificial operons - coordinately transcribed multigene
units) for co-expreéssion in Lactoccccus lactis of an
antigenic polypeptide {(exemplified here using tetanus
toxin fragment C - TTFC) and a biologically active

15 cytokine polypeptide {exemplified here using
Interleukin 2 and also Interleukin-6}.

The IL-6 cytokine has been shown by other workers
to have the capacity to augment murine antigen-specific
antibody responses in vivo and in vitro, and we have

20 also been able to prepare expression units for IL-6 in
L. lactis. 1IL-6 is a multi-functional cytokine
secreted by both lymphoid and non-lymphoid cells which
is known to possess pleiotropic activities that play a
central role in host defence. 1IL-6 can exert

25 growth-inducing, growth-inhibitory and
differentiation-inducing activities, depending on the
target cells. These activities include differentiation

and/or activation of T cells and macrophages, growth



in vivo as the cells are digested by phagocytic cells). By the manipul ation
of~the appropriate genetic 10 el ements we have provided nucleic acid
constructs (here artificial operons - coordinately transcribed multigene
units) for co-expression in Lactococcus lactis of an antigenj |ﬁ%‘%peptide
(exenpl i fi edWREF80&i ng t et anus toxin fragnent C - TTFC) gﬁﬁ'i“@ ogically
active 15 cyt oki ne pol ypeptide (exenplified here using Interleukin 2 and
al so Interl eukin-6). The IL-6 cytokine has been shown by other workers to
have the capacity to augnent nurine antigen-specific anti body responses in
vivo and in vitro, and we have 20 al so been able to prepare expression
units for IL-6 in L. lactis, IL-6_is a nmulti-functional cytoklne secreted
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exert 25 growt h-Tt'nducing, growth-in aren ﬁ&q I nduci ng
activities, dependsétgre&aohh@ftﬁru@%?wbdﬁnﬂh@ﬁeaa@éu\@ tlaﬁ‘& 1 "éFcJt‘i

differentiation and/or activation of T cells and macr ophages, growth WO
97/ 14806 systemically - elicitation of the h&A/icBa6HO2adsé pronoti on
of Bcells (seen as growh - pronotion of B cell tunmour lines in vitro),

termnal diff&r en®P¥fgig, response. Most importantly for the purposes of

mucosal immunisation IL-6 has been shown to induce high
rate IgA secretion in IgA-committed B cells.
To exemplify the present invention, operons for

IL-2 and IL-6 co-expression were separately constructed

10 in a constitutive expression vector (pTREX1l, also known
as pEX1l) so that the transcription of the TTFC gene and
the interleukin gene could be controlled by the
activity of a lactococcal promoter element of
previously defined activity {so-called P1}. The

15 constructs were prepared so that, following translation
cof the mRNA transcribed from the artificial operons,
the TTFC antigen would accumulate intracellularly.

When preﬁarations of these bacteria were

administerea intranasally to mice bacteria engineered

20 to express either Interleukin-2 or Interlieukin-6
elicited approximately 10x more anti-TTFC antibody than
the constructs which expressed the TTFC alone. Thus,
either of these interleukins possessed distinctive
adjuvant activity in the experimental system.

25 It was not obvious from either the capacity of
Lactococcus lactis to deliver a heterologous antigen orxr
its ability to produce IL-2 in vitro that it would be

an appropriate vehicle for a delivery of a cytokine in



(secretion of imunoglobulins) in B cells, and - acting systemcally -
elicitation of the hepatic acute-phase 5 protei-n—+ esponse—host——

i mportantly for the purposes of nucosal imunisation |IL-6 has been shown to
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preparations of these %ggt eria were adm ni stered gérjlﬁtg anasally to mce
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consequence of phagocytosis by the M {or microfold)
cells which sample the contents of mucosal secretions
adjacent to wmucosal lymphoid tissue. Microparticulate

10 antigens {e.g. tetanus toxoid incorporated into poly L-
lactide microparticles) enter lymphoid tissue passively
in this way, whereds pathogenic bacteria (or attenuated
vaccines} such as species of Listeria, Salmonella and
Shigella are able to invade cells and tissues by

i5 actively stimulating their uptake into mucosal
epithelial cells, in addition to gaining entry via M
cells. Since the activity of cytokines as adjuvants
has been found previocusly to require multiple
injections or sustained release delivery (Heath and

20 Playfair (1992} Vaccine 7: 427-434), and since the
cytokines will only be protected from proteolytic
digestion within phagocytic cells while the Lactococcus
lactis cells remain intact or wviable, it is unexpected
that lactococcal cells expressing cytokines should

25 display marked adjuvant activity as demonstrated
herein. This can perhaps be appreciated if it is
understood that death and dissolution of the bacterial

particles will favour antigen release, but prevent more
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such that sufficient, active-cytokine would be provided to provide an

adj uvant effect. Lactococcus lactis is non-invasive and non-col oni si ng,
whi ch nmeans that when these bacteria are used to deliver an_anpti 5to
the i mune sY¥Q&#48% ¢ via a nucosal surface, they are ngE?T ?%iﬁ%bto
enter |lynphoid tissue as a consequence of phagocytosis by the M (or

m crofold) cells which sanple the contents of nucosal secretions adjacent
to nucosal |ynphoid tissue. Mcroparticulate 10 antigens (e.g. tetanus
toxoid incorporated into poly L-.lactide nm&roparticles) enter |ynphoid

ti ssue passively in this way, whereas t hogeni ¢ bacteria (or attenuated
vacci nes) such as éhﬂﬁﬂwg§yo¥ffﬂﬁﬂﬁgfiHfggéﬂqﬁéﬁeP “EiFi8Afgel la are able to
invade cell's and tjySalithed¥sdd oulelihdfhds %&Mﬂé@é'&&f Eﬁéfﬁ%%ggoh“to

mucosal epithelial cells, in addition to gaining entry via Si nce

the activity of cysbkimnesossindj byankerbescdrenatoimndiogseavald y to require
multiple injections or sustained rel ease delivery (Heath and 20 Pl ayfair
(1992) Vaccine 7: mexkedagjuyagt Sffesti h&Evep ki hee appresset bassepiat ect ed

fromproteolytic digestiopn within pha tic cells il e the lLactococcus
lactis cells r&maif %tté’cgeo?&%rﬁtﬁ% rg‘?tc%f & Eﬁﬁﬁfﬁ%ﬁ\%d rf“ﬁg?rl Boccal

gel I's expr ezsi Ny CiigaNesoiPOUr: Zame ChilllRY¥aEBEKS dcRdlUyaSty activity as
enmonstrate

Thus, since Lactococcus lactis is not invasive -
indeed it is not a commensal bacterium and it also
depends for its nutrition on the provision of amino

10 acids and peptides which are unlikely to be available
in vivo - the demonstration that the cytokine-
secreting strains of L. lactis are nevertheless able to
augment antibody production is surprising. Hence these
results demonstrate for the first time that recombinant

15 strains of Lactococcus lactis can be used to synthesise
and deliver biologically active molecules in vivo. Of
particular interest is the fact that these results
demonstrate the feasibility of augmenting the mucosal
as well as.the systemic immune response since IL-6 has

20 been shown to be a cytokine able to induce a high rate
of IgA secretion in IgA committed B cells.

The finding that Lactococcus lactis is able to
sustain its biological activity on a mucous membrane
for a sufficient length of time to deliver a

25 bioclogically active dose of either of two different
recombinant cytokines and thereby augment an immune
response to a heterologous antigen demonstrates broad

applicability for the delivery of polypeptides for



herein. This can perhaps be appreciated if it is understood that death and
dissolution of the bacterial particles will favour antigen_release_ but
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our findi ngswogwhaesise t hat the expression of IL-2 or |L-6 Pog/dB96bas80CCUS

| acti s does have a marked adjuvant effect. Even if the expressor bacteria 5
were to be admi nistered by a parenteral rather than a mucosal route the
same consi derations would apply. Thus, signce Lactococcus |lactis is not

I nvasive - indeed it is not a coomensal bacteriumand it al so depends for
Its nutrition omiguses otherovhai agdjunantCaccivisyaatlopepti des which are
unlikely to be available in vivo - the denonstration that the cytokine-
secreting strains of The FaRRFEACE RevERErEF &ss PABARCE PrvugreRetant i body

duct th ts d t f the f t
i e that recont HRRE 18e8  FaMRE GRLeacFBRbuEd BEFFORE A used fo.
synthesi se and def i\l Rigk0gi&addin %65:' x8 PR S aﬁc%{bxye\ffa O particular

interest is the fact that these results denonstrate t asibility of

augnenti ng $he dekiosaly a$ pelypasides «liiéEnire kisWwhetd asparteval nce | L-6
has 20 been shown to be a cytokine able to induce a high rate
at micromolar, nanomolar or picomolar concentrations.

Since precise dosing of these polypeptides, and the
need for the coincidental introduction of bacterial
cells is of lesser concern for veterinary than human

10 applications it is likely that this method for
delivering recombinant polypeptides will be especially
valuable in veterinary applications. However, even
within human medicine, the fact that cytokine output
can be constrained to the sites of deposition of

15 harmless bacterial cells, and is available close to the
antigen during the earlies; phases of the immune
response may favour its use in circumstances - such as
adjuvant activity - where the biologically active
polypeptide is best localised in order to avoid toxic

20 systemic side effects.

Thus, the present invention provides:

(i} a method of delivering one or more

biclogically active polypeptides which comprises

administering to a subject a non-invasive or non-
25 pathogenic bacterium which expresses said one or

more polypeptides;

SUBSTITUTE SHEET (RULE 26)



of 1 gA secretion in IgA commtted B cells. The finding that Lactococcus
lactis is able to sustain its biological activity on a nucous nenbrane for
a.sufficient length of tine to deliver a 25 biologically active dose of

ei t her of tmowﬂé&@ﬁkfnt reconbi nant cytoki nes and t hereby ?ggggﬂ%?gﬂ I mune

response to a ogous anti gen denonstrates broad appl y for the
delivery of pol ypeptides for WO 97/ 14806

PCT/ GB96/ 02580 9 pur poses ot her than adjuvant activity al one. The capacity
of L. lactis to produce and secrete pol yBépti des denonstrates that it is

possible to utilise these bacterjia_ for in,vivp production and 5 delivery of
pol ypept i des whi ch aré4%ﬁunm§‘F@tﬁgddﬁiiQﬁilgFrh?gr?ﬂﬁﬂ95'W°ﬁanonnlar or

pi conol ar concentrati S QL egl : [ . ypepti des, and
t he need for the coinC|§éﬁ§g %?ﬁgéoé%ﬁg%%%%ﬁo g%g%%%§%§§%ggg I% is of |esser
concern for veterinaryubfedt RURBA-1PvasiaePbirCabh Hdgengcl i kely that this
nmet hod for delivering reconbi nant pol ypeptides wll be especially val uable
in veterinary appli cabacrexivdowbich, expresseist hand mmmrmedrei ne, the fact

t hat cytoki ne output can be constrained to the sites of deposition of 15
harn ess bacdterial cetsigentd A8davail able close to the

{(iii) A method of delivering one or more
antigens and/or one or more biologically
active polypeptides which comprises
administering to a subject a non-invasive
10 or non-pathogenic bacterium which expresses
both said one or more antigens and said one
or more heterologous biologically active
polypeptides.
The biologically active polypeptides can be
15 either homologous to the bacterium or heterologous,
derived from either eukaryotic sources or prokayotic
sources, or their viruses.
According to another aspect of the present
invention, there is provided a non-invasive or non-
20 pathogenic bacterium expressing (i} one or more
heterologous biologically active polypeptides and (ii}
one ore more antigens.
"Biological activity" refers to ability to
perform a biological function and with reference to a
25 polypeptide implies that the polypeptide adcpts a

stable conformation ("folded form") which is the same

SUBSTITUTE SHEET (RULE 26)



antigen during the earliest phases of the immune response may favour its
use_in circunstances - such as adjuvant activity - where the-biolegically
active polypeptide is best localised in order to avoid toxic 20 systeni c
side effects. Thus, the present invention provides: (i) a method of
deliveri ng ongoeriassms € bi ol ogically active pol ypepti des WhPCHGBWSHORISP ses
adm nistering to a subject a non-invasive or non- 25 pat hogeni c
bact eri um whi ch expresses said one or nore pol ypeptides; SUBSTI TUTE SHEET
(RULE 26) WD 97/ 14806 11

PCT/ GB96/ 02580 10 (i) A met hod of delivering one or nore antigens which
conpri ses adni nostelésmlyt @enalegbpedio dtisonativeasiond ignrabicmpat Mxgani c

bact eri um whi ch_expresses said one qr ntigens; and (iii)

A net hod of del ?9%5?%@3‘8#@‘:6“@? eg‘gfﬁtiagéhél%o‘}%re&ﬁgyor Yore biologically
active pol ypept [ C e r . subj ect a

non-i nvasi ve 10é9§§pf£‘6¥%p %ggﬁﬁg‘%ngﬂ1g é%%t%ggﬁﬁfmﬁﬁgﬁ ggpresses bot h
sai d one or norgeBtdHENS sRRdLSAi dbni®e, disulphide bridges etc., a

5 polypeptide should have the ability to perform its
natural function. Generally, the unit of function in a
polypeptide is a domain.

Mere ability to be bound by an antibody or other
receptor, either with or without elicitation of an
10 immune response, is passive and does not constitute
*hiclogical activity®. Any antigen has the ability to
be bound by an antibody but is not necessarily
biologically active.
A "heterclogous" polypeptide is one not native to
18 the bacterium, i.e. not expressed by the bacterium in
nature or prior to introduction into the‘bacterium, or
an ancestor thereof, of encoding nucleic acid for the
polypeptide.
A bacterium according to the present invention
20 will in general be Gram-positive, and may in principle
be any innocuous bacterium, for example Listeria
innocua, Staphylococcus xylosus or a Lactococcus.
Lactococci, in particular Lactococcus lactis, represent
a preferred embodiment of the present invention. Such
25 bacteria are non-colonising.
The skilled person will appreciate that the
methods of the present invention could be used to

deliver a range of bioclogically active polypeptides.

- SUBSTITUTE SHEET (RULE 26)



or nore heterol ogous biologically active pol ypeptides. The biologically
active pol ypeptides can bé& TI5 either honol ogous to the bacterium or
het er ol ogous, derived from either eukaryotic sources or prokayotic sources,

or their vir cording to anot her aspect of the prese | [ on
there is proS?ﬁggvé&%on-invasive or non- 20 pathogenic bacﬁép#g%ﬁgé%ressing
(i) one or nore heterol ogous biologically active pol ypeptides and (ii) one

ore nore antigens. "Biological activity" refers to ability to performa
bi ol ogi cal function and with reference t §2a 25 pol ypeptide inplies that the

polypept! de adoplanmg: &L WY uiedbel "Bhi ok b2 IPH{RLIhati gL S the same

11 or

cl osely anal ogouget 8apdisiddf taneONbhIHY Aldcanly e nsyeleagdatoyrast |y or
substantially correctly, for exanple with formation of proper folded units,

a- helices, [erif-shpelywertddri aspabls wpleixeet bng dyslocative, a 5
pol ypepti de shoul d,have the ability to performits natural function.

a y L
General ly, the EﬁF%"b‘fl‘T%rﬂftfieﬁﬁlPﬂ 109/l \Wre pbPhe-Pdy, MeSARPAISMEr e ability
to be boundsby 39d?8£'8&9¥ﬁ2ﬁa8&@§i1y active polypeptide(s) is/are

one (s8) which is/are capable of the regulation of the
activities of cells belonging to the immunochaemopoeitic
system and/or the one or more biologically active
polypeptides is/are one(s) which is/are capable of

10 affecting the viability, growth and differentiation of
a variety of normal or neoplastic cells in the body or
affecting the immune regulation or induction of acute
phase inflammatory respecnses to injury and infection
and/or the one or more biclogically active polypeptides

i5 is/are one{s) which is/are capable of emhancing or
inducing resistance to infe;tion of cells and tissues
mediated by chemokines acting on their target cell
receptors, or the proliferation of epithelial cells or
the promotion of wound healing and/or the one or more

20 biologically active polypeptides modulates the
expression or production of substances by cells in the
body.

Specific examples of such polypeptides include

insulin, growth hormone, prolactin, calcitonin,

25 luteinising hormone, parathyroid hormone, somatostatin,
thyroid stimulating hormone, vasocactive intestinal
polypeptide, a structural group 1 cytokine adopting an

antiparallel 4o helical bundle structure such as IL-2,
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receptor, either with or wwthout elicitation of an 10 | mmune response, is

passiwe—and-does—not-—constitute "plological—actimvity!. Any_antigen has the
ability to be bound by an antibody but is not necessarily biologically
active. A "heterol ogous” polypeptide is one not native to 15 t he

bacterium i. @qod8ksegXpressed by the bacteriumin nature orpci/Ged6/0dss0
I ntroduction into the bacterium or an ancestor thereof, of encoding

nucleic acid for the polypeptide. A bacteriumaccording to the present
invention 20 wll in general be Gampogitive, and nmay in principle be
any innocuous bacterium for exanple Listeria innocua, Staphylococcus
xyl osus or a Lacibepcais4,Lactdconsis, iIn-pariicyl an-hact deaccugn-acti s,

represent a preferred embodi ment of the present invention. Such 25
bacteria are nontZolBmildi.n QM ¢$.1§. IKiqSFedSEEr sHF /| FPQpp‘Fe%ﬁFat &IFhat the

met hods of the prgse coul used to eI| er nge of
bi ol ogically acté@i’ We I%Bbgél 128t ve ura grou E
PCT/ GB96/ 02580 1z, Exanpl e:mef. §i~'é (e egiypﬁmeé&s alsBEL MG Ongpvhi ch are

capabl e of functioning | oc y or systemcally,eg is a pol ypeptlcg‘e capabl e
of exerting endogymeétric homotrimers and the subunits take up the

conformation of B-jelly roll described for certain
viral coat proteins such as the TNF family of
cytokines, eg TNFo, TNFS8, CD40, CD27 or FAS ligands,
the IL-1 family of cytokines, the fibroblast growth
10 factor family, the platelet derived growth factors,
transforming growth factor B8 and nerve growth factors,
a structural group 3 cytokine comprising short chain
o/ molecules, which are produced as large
transmembrane pre-cursor molecules which each contain
15 at least one EGF domain in the extracellular region, eg
the epidermal growth factor family of cytokines, the
chemokines characterised by their possession of amino
acid segquences grouped around conserved cysteine
residues (the C-C or C-X-C chemokine subgroups) or the
20 insulin related cytokines, a structural group 4
cytokine which exhibit mosaic structures such as the
heregulins or neuregulins composed of different
domains, eg EGF, immunoglobulin-like and kringle
domains.
25 Alternatively, the biologically active
polypeptide can be a receptor or antagonist for
biologically active polypeptides as defined above.

The bacterium expresses the biologically active
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activities affecting |local or whol e-body netabolism5 and/ or the

bi ol ogically active pol ypeptide(s) is/are one(s) which is/are capabl e of
the regulation of the activities of cells belonging to the

I rmunohaenopgeitic system and/or the one or nore biologically active

pol ypept i des Y&Y2#one(s) which is/are capable of 10  af FIEHRYPe
viability, growh and differentiation of a variety of nornal or neoplastic
cells in the body or affecting the inmune regulation or induction of acute
phase i nflammtory responses to injury afd infection and/or the one or nore

bi ol ogi cal | | ' 1 | . WhI I.s/ bl f
ennanci ng o | nBUSTREET Hey Brinene; ans4de BrimC AR Ay deid oS0 kel g o el

by chenoki nes agitAgnoft ! haide hak€ic GRIlA MaYERLRSSisePonkhEyr PhOd f €ration
of epithelial cells or the pronotion of wound healing and/or the one or

more 20  bi ol oghcdtiy awitd wenpbkypeptindehinbdobeleis: taled despeedipn or
production of substapces by cells in the body. Specific exanples of such
pol ypepti des i nEPEdRIPIRTAGAT 1YgABHA e R YBRRE1de ANt iusledq| a¢idnin, 25

ot o vadoae PR M O et BB A LS T
adopting an ant rBghtdtsly 4eqiehted! rdhindpeesEise i & raUelcaS | ki 2.
Suitable vectors comprising nucleic acid for
introduction into bacteria can be chosen or
constructed, containing appropriate regulatory
10 sequences, including promoter sequences, terminator
fragments, enhancer sequences, marker genes and other
sequences as appropriate. Vectors may be plasmids,
viral e.g. ’'phage, or phagemid, as appropriate. For
further details see, for example, Molecular Cloning: a
15 Laboratory Manual: 2nd edition, Sambrook et al., 1989,
Cold Spring Harbor Laborato;y Press. Many known
techniques and protocols for manipulation of nucleic
acid, for example in preparation of nucleic acid
constructs, mutagenesis, sequencing, introduction of
20 DNA into cells and gene expression, and analysis of
proteins, are described in detail in Short Protocols in
Molecular Biclogy, Second Edition, Ausubel et al. eds.,
John Wiley & Sons, 1992. The disclosures of Sambrook
et al. and Ausubel et al. are incorporated herein by
25 reference.
In a preferred embodiment, the coding sequences
for the bioclogically active polypeptide and the antigen

are contained in an operon, i.e. a nucleic acid
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WD 97/ 14806 PCT/ GB96/ 02580 13 | L-3,
lL-4_11-5_11-6, I1l-7_11-9 11-10 11-21 1l 12 1]-13, -GM-CSF—M-ECSF,
SCF, IFN-[err], EPO, GCSF, LIF, OSM OCNTF, GH, PRL or IFNerr], a
structural group 2 cytokine which are often cell-surface asociated, formb5
synetric honowoeneses and t he subunits take up the confor maP¢TREBS02580
[err]-jelly roll described for certain viral coat proteins such as the TNF
famly of cytokines, eg TNF[err], TNF[err], CD40, CD27 or PAS |ligands, the
IL-1 fam |y of cytokines, the fibroblastigromh 10 factor famly, the
platel et derived growth factors, transformng growth factor [err] and nerve
growt h factors, censtract Ui mgibup¢£sugpngklﬁupcgmﬁmﬁblnénsﬁ%rt chain [err]

nol ecul es, whi ch are produced as,| arge transnmenbrane ursor_ nol ecul es
whi ch each cont 8PRTZ%: t%ﬁ“ﬁcéégfl%egrﬁ‘ﬂz rrﬁf'?lm?trfﬂiﬁ% %%?aﬁ%ﬁ ul ar

region, eg the ;%\Rtv%e{lﬂﬂh% ?&gségcr&c%e fe3iZh Xngfc&yl sBG8enddle Chemoki nes

characterised b el'r possession am no acl d sequences grouped ar ound
conserved cystepgenl §stkluas Wheskita¥lly Go¥ifichedalibdeocnubpindim) or the
20 ,insulin related cytokines, a structural group 4 cytokine which exhibit
nmosai ¢ Sstruat ur giteugpsiaxsednhe Thusguhdres thannene eppilypertddapoar deof

di fferent domai ns I rmunogl obul i n-1i ke and_kringle domains. 25

Al ternatively, énﬁgﬁﬁ%@F%%Wlﬁ StRF iR Py pePEE RE @h °BET%r ecept or or

ant agoni st for

enables expression of the biologically active
polypeptide and the antigen to be co-ordinated.
In an alternative embodiment, the coding

10 sequences for the biologically active polypeptide and
the antigen are part of the same nucleic acid vector,
or separate vectors, and are individually under the
regulatory control of separate promoters. The
promoters may be the same or different.

15 A nucleic acid construct or vector comprising a
coding sequence for a biologically active polypeptide
and a coding sequence for an antigen wherein each
coding sequence is under the control of a promoter for
expression in’ a non-invasive bacterium (as disclosed -

20 especially a non-commensal and/or non-colonising
bacterium e.g. a Lactococcus), whether as an operon or
not, is provided by a further aspect of the present
invention.

A promoter employed in accordance with the

25 present invention is preferably expressed

constitutively in the bacterium. Use of a constitutive

promoter avoids the need to supply an inducer or other

regulatory signal for expression to take place.
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bi ol ogically active pol ypepti des as defi ned above. The bacterium expresses
the biologically active - WD 97/ 14806

PCT/ GB96/ 02580 14 pol ypeptide and the antigen from nucleic acid contained
within it. The nucleic acid nmay conprise one or nore nucleic acid
constructs i rwewt/@ssenucl ei c aci d encodi ng the bi ol ogi cal | yPGREB$E2580

pol ypeptide and nucleic acid 5 encodi ng the antigen are under control of
appropriate regul atory sequences for expression in the bacterium Suitable
vectors conprising nucleic acid for intrd8luction into bacteria can be

chosen or constructed, containing apprg&riate regul atory 10 seqguences,
i ncl udi ng pr onoFPERLEERRIShcdde PEPRRHER SHreFhgnPRLXESSdRRaft & ences,

mar ker genes and_ot he uen a oprhate. \ector y be pl asm ds,
viral e, ' phaBl, "ot bEToRna SEETh TP P o OB SHRRLY et | s see,

for exanple, Mlkgesldd ddntNmB8apdlild acdidleyat&ven I‘i&ngebmﬂm R tion,
Sanbrook et al., 1989, Cold Spring Harbor Laboratory ress. Many known

t echni ques and pabhveined.f oAdvant pgtatslon thénpuslahl experedsidmmagxanpl e in
preparation of nucleic acid constructs, nutagenesis, sequencing,

i ntroducti of of k203t PNEY deyede| | EoBRragRAL  cWBA%S Shgn eXprvEins ysi s of

proteins, are desct!ped dbndibebl LR AWML R Wvel of

expression may lead to accumulation of the expression
product at less than about 10% of cellular protein,
preferably about or less than about 5%, for example

10 about 1-3%. The promoter may be homologous to the
bacterium employed, i.e. one found in that bacterium in
nature. For example, a Lactococcal promoter may be
used in a Lactococcus. A preferred promoter for use in
Lactococcus lactis (or other Lactococeci} is "P1"

15 derived from the chromosome of Lactococcus lactis
(Waterfield N.R.; Le Page,.ﬁ.W.F.; Wilson P.W. and
Wells J.M., Gene (in press)), the sequence of which is
shown in the following (SEQ ID NO. 1):

GATTAAGTCA TCTTACCTCT TTTATTAGTT TTTTCTTATA ATCTAATGAT

20 AACATTTTTA TAATTAATCT ATARACCATA TCCCTCTTTG GAATCAAAAT
TTATTATCTA CTCCTTTGTA GATATGTTAT AATACAAGTA TC

The nucleic acid construct or constructs may
comprise a secretory signal sequence. Thus, in a
preferred embodiment the nucleic acid encoding the

25 bioclogically active polypeptide may provide for
secretion of the biologically active polypeptide (by
appropriately coupling a nucleic acid sequence encoding

a single sequence to the nucleic acid sequence encoding
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Mol ecul ar Bi ol ogy, Second Edition, Ausubel et al. eds., John Wley & Sons,
19092 - The disciosures of Samhrook et al  and Ausubel et .al __are_

i ncorporated herein by 25 reference. In a preferred enbodi nent, the
codi ng sequences for the biologically active pol ypeptide and the antigen
are cont ai nedwioyragmeoperon, i.e. a nucleic acid WO 97/ 14$80/6896/02580

PCT/ (B96/ 02580 15 construct for multi-cistronic expression. In an operon,
transcription fromthe pronoter results in a nRNA which conprises nore than
one codi ng sequence, each with its own surtably positioned ribosone binding
5 site upstream Thus, nore than one pol ypeptide can be translated from
a single nRNA. tbe E@lxnﬁnﬂ@éﬁbn el idy Qipﬁeb%ﬁﬁﬁ¥h§m barbenpinsyi cal | y

active polypeptl e and the ané gen to ord ateg In_an alternative
embodi nent, t he “BBdTHGreES 248t s 8’r 188 Y RS i ve

pol ypept i de andekbeednizi Qﬁr!:z%r_@np@ﬁimﬁfe ‘i: ﬁd§ é"ifix'z‘éhcmé‘fﬁéjal‘ﬁem or, or

separate vectors, and are 1ndividuall er t regul atory control of
separate prOHDtGESblihQrQﬁbﬁhéeéﬁgﬂﬁﬁmbe the sane or different. 15

A nucleic acid construct or vector conprising a coding sequence for a
bi ol ogi cal | $ active phiinabpei decretory signal sequences include any

of those with activity in Gram positive organisms such
as Bacillus, Clostridium and Lactobacillus. Such
sequences may include the a-amylase secretion leader of
Bacillus amyloliquefaciens or the secretion leader of
i0 the Staphylokinase enzyme secreted by some strains of
Staphylococcus, which is known to function in both
Gram-positive and Gram-negative hosts (see “Gene
Expression Using Bacillus”, Rapoport (1990) Current
Opinion in Biotechnology 1:21-27), or leader sequences
15 from numercus other Bacillus enzymes or S-layer
proteins (see pp341-344 of Harwoocd and Cutting,
"Molecular Biological Methods for Bacillus”, John Wiley
& Co. 1990). For Lactococcus the leader sequence of
the protein designated Usp45 may be preferred (SEQ ID
20 NO. 2}:
ATG AAA AAA AAG ATT ATC TCA GCT ATT TTA ATG TCT ACA GTIG

met lys lys lys ile ile ser ala ile leu met ser thr val

ATA CTT TCT GCT GCA GCC CCG TTG TCA GGT GTT TAC GCT
ile leu ser ala ala ala pro ley ser gly val tyr ala

25 However, it may be preferable that the antigen
accumulates intracellunlarly. As discussed, preferably

the level of accumulation should allow the bacterium to
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and a codi ng sequence for an antigen wherein each codi ng sequence i s under
the control of a pronoter for expression in a non-invasive bacterium (as

di scl osed - 20 especially a non-comrensal and/or non-col oni sing bacterium
e.g. a Lactococcus), whether as an operon or not, is prOVigigﬁg further
aspect of thwWOP#e488&t invention. A promoter enployed in af @hﬁ?ﬁm th the
25 present invention is preferably expressed constitutively in the

bacterium Use of a constitutive pronoter_avoids the need to supply an

i nducer or other regulatory signal for e%%ression to take pl ace. WO
97/ 14806 remain viable, i.e. retain some methSEﬁngéégﬁﬁgg %gﬁ
Preferably, the pronoter directs expression at a |level at I"ch the

bacterial host f&}|be argisnghuhadbout i108. of eb&l NELa30MRoBRLAPOl i C activity,
even if gromh is not maintai ned. Advantageously then, such expression may
5 be at a | owprefesablyrgboukapplkessitbnn abeutefl efscehlptaxduct

accunul ates intracel]ularly, the |l evel of expression may |lead to
accunul ati on of PFRe®®kpressi on product at |ess than about 10% of cellul ar

protein, pr gf erably aﬁl%u%ng% Lessad hgh g@gﬁ{ J.Eé’/qbé‘% ﬁﬁ Ige 19 ~about
1-3% The pronoter nay be 3ol ogous £o & bacteri o %ﬁ%}oye , 1.e. one
found in that bgsi@sddgiildento which a receptor of the immune system,
such as an antibody, can bind. In a preferred
embodiment, the antigen is a bacterial toxoid form of a
toxin or an antigenic fragment thereof. For good
10 compatibility of expression in Lactococcus, which has a
bias towards A/T usage over G/C in its coding segquences
(60% A/T), the antigen may be one whose coding sequence
is A/T rich (has a higher A/T content than G/C). For
instance, the antigen may be a toxoid (or an antigenic
15 fragment thereof), or another immunogenic component
from Clostridium orx Pneumoc;ccus or other Streptococcus
species. C(lostridial coding sequences, for example,
often have >70% A/T base pair content, as do genes from
the important human malarial parasites belonging to the
20 genus Plasmodium.

For use in enhancing an immune response to the
antigen, i.e. antigenic peptide or polypeptide, as
discussed herein, the biologically active polypeptide
preferably has cytokine activity. Cytokines are

25 discussed in “The Cytokine Facts Book”, Callard and
Gearing (1994), Academic Press. Preferred polypeptides

with cytokine activity are interleukins, including

Interleukin-2 {(IL-2} and Interleukin & (IL-6). Many
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nature. For exanple, a Lactococcal pronoter may be used in a Lactococcus. A
pref erred pronoter for use.in lactococcus L&CI—#—S—-Q—Q-F— Ot.he_F__Ea.e_t_e.e.e.ee-i—)——-i—s
"pP1" 15 derived fromthe chronmosone of Lactococcus lactis (Waterfield
N.R; Le Page, RWF.; Wlson P.W and Wlls J.M, Gene (in press)), the
sequence of Wi edases shown in the followi ng (SEQ I D NO. 1)PCTE&USWRIRSI CA
TCTTACCTCT TTTATTAGIT TTTTCTTATA ATCTAATGAT 20  AACATTTTTA TAATTAATCT
ATAAACCATA TCCCTCTTTG GAATCAAAAT TTATTATCTA CTCCTTTGTA GATATGITAT
AATACAAGTA TC The nucl eic acid construct 1@r constructs may conprise a
secretory signal sequence. Thus, in a preferred enbodi nent the nucleic acid
encodi ng the 25 cytbkéhesgicaitiajinast disukmiidecpridee mnd #dvp¥e for secretion
coupling a nucleic

of the biologically active polypeptide (by appropsjatel

aci d sequence erSSaPhEdafx thite Eéﬁb%rf(;}b"‘tyho“gﬁl%r%#c‘f % dé‘&edgé%r&Uence
encodi ng WO 1 ; fb ial cell
PCT/'GB96/ 02580 %yet Aﬁlggg%’rriﬂpé‘&tiuég) of BT i B b (e i har Bour ng t he
nucl ei ¢ acid to.3RGHebe LfRdrallyp8Pbi&eer® )t hRat €6k &SE idisvlphodén cul ture
conditions which naintain viability of the organism 5 Sui tabl e

secretory signalbridgaesncett iwonllddeotinye afbwilougethat e astliyeeppider G am

positive organi sns such ) ,
which is naturally secreted, especially on which

naturally contains a disulphide bridge, would be
biclogically active when retained in a bacterial cell.

Thus, in one embodiment, the biologically active

10 polypeptide is one which is secreted from cells which
naturally produce it.

The use of a cytokine to enhance an immune
response to the antigen in accordance with the present
invention is particularly apposite for antigens of low

15 immunogenicity. Furthermore, application of an
immunogen to a mucosal membrane generally elicits an
IgA response. The ability of a vaccine to elicit a
good (protective level) mucosal immune response is a
highly desirable feature, since it is now known that

20 sIgA antibodies play a vital role in protecting mucosal
surfaces against infection. For example, sIgA which
binds to the surface of the cholera bacillus has been
shown to be capable of preventing experimental cholera
in mice. s8IgA which effectively neutralised HIV-1 may

25 piay an important role in protecting against infection
with thig virus, since once the virus has gained access
to the body a lifelong infection is established.

Methods for the reliable and long-lasting induction of
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as Bacillus, Costridiumand Lactobacillus. Such sequences may include the
[err]-anyl ase secretion (eader of Bacillus anyloliquefaciens or the
secretion | eader of 10 t he Staphyl oki nase enzyme secreted by sonme strains
of Staphyl ocgecus, which is known to function in both Gampositive and

G am negat i vg&% ms(see "Gene Expression Using Bacillus", %8'8?550 (1990)
Current Opinion in Biotechnology 1:21-27), or |eader sequences 15 from
nuner ous other Bacillus enzynes or S-| ay% proteins (see pp341-344 of

Har wood and Cutting, "Ml ecular Biologic Met hods for Bacillus", John

Wley & Co. 19 r t %&‘h&e I q e tein

desi gnat ed Usp?lrga cn%g;aqbgligﬁe?gr e ft SE%QI Eﬁ%éf&%oﬁﬁgg: S‘SA{%%MA%&Q%%A AAG ATT
ATC TCA CCT ATTsiddd Ahe §Edat\GhafokGtiebs! Nemdry Srikvisek! &nd IButRiigha ile leu
met ser thr val ATA CTIT TCT GCT GCA GCC CCG TTG TCA GGI' GIT TAC GCT ile leu
ser ala al a al apghhedepy dnitipte igifacpionsabyolonising Howmead, it may be
pref erabl e thatﬁt hg antigen accunul ates intracellularly. As discussed,

preferably the C&5f accunul ati on should allow the bacteriumto WO
97/ 14806 , ; ¢l 96/ 02580 18 remain

. : . Thus, . jmmu é%

vi abl e, |.e§ retain sgﬁtsa rraertl% efnlc“;coafc PVi 'il/ X ngaé/ eg)lfc’(eg"ss‘:=l t han about 10%

of cellular proifidbite againet which an enhanced IgA response is
beneficial may be employed particularly advantageously
in the present invention, for instance the P28
immunogen (glutathione-S-transferase) of Schistosoma
10 mansoni .

To generate a bacterium according to the present
invention, nucleic acid is introduced into a bacterial
host cell. Thus, a further aspect of the present
invention provides a method comprising introducing

15 nucleic acid as disclosed into a non-invasive
bacterium, preferably a Gr;m—positive bacterium and
most preferably a non-commensal, non-colonising |
bacterium (such as Lactococcus). The introduction may
employ any available technique. For bacterial cells,

20 suitable technigues may include c¢alcium chloride
transformation, electroporation and transfection using
bacteriophage.

The introduction may be followed by causing or
allowing expression from the nucleic acid, e.g. by

25 culturing host cells under conditions for expression of
the gene. Crowing the cells in culture under
conditions for expression of the biclogically active
polypeptide and the antigen may be employed to verify

that the bacteria contain the encoding nucleic acid and
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preferably about or |ess than about 5% of cellular protein. 5 The
ant-ger—ray—+-A—pr-hRetple—be—any—pepti-de—or—polyrpepti-de t 0 Whai-eh—a—+ecept or
of- the i mmune system such as an anti body, can bind. In a preferred

enbodi ment, the antigen is a bacterial toxoid formof a toxin or an

anti geni c fragoonssbdrer eof . For good 10 conpatibility of Pex/oBeRssn i n
Lact ococcus, which has a bias towards A/ T usage over GCin its coding
sequences (60% A/ T), the antigen may be one whose codi hg sequence is AT
rich (has a higher A/T content than G C).2For instance, the antigen may be
a toxoid (or an antigenic 15 fragment thereof), or_another inmmunogenic
conponent fron1CP€%téLhﬁ G Brofyes iioennsded mateaiadt r ept ococcus speci es.
Clostridial coding sequenc of ten have_>70% A/ T base pair

s, for exanple
content, as do genes oﬁ!?ﬁﬁtqﬁﬁxﬁﬁﬁgggl ?ﬁﬁnﬁfﬁ%ﬁp r +BY*Parasi tes bel ongi ng
to the 20  genus, Bl AU WEhED oI 1k De PIRRNE i13188; 4TLPE diagRONSE 1O

the antigen, i.e. antigenic peptide or polypeptide, as discussed herein,
t he bi ol ogi cal | ydesd iofe appbypeebt e pnetdrapl thd aethpl okdueriadngvi ty.
Cyt oki nes are 25 di scussed in "The Cytokine Facts Book", Callard and
Gearing (1998), adwirdfterbrgste #n dndivadupbla nepritauasie fPagpesiimne
activity are Tnterlendng, Lnclpding ) gier edna2 (1)-2) and Interieukin 6
(I'L-6). Many
biclogically active polypeptide heterolagous to the
bacterium. As discussed supra, preferred bacteria
include Lactococci such as Lactococcus lactis and a
10 preferred route of administration may be by application
to mucosa.
Although, it has previously been shown possible
to express in such bacteria a heterologous polypeptide
in a biologically active form, this has only ever been
15 done in vitro in culture conditions which are optimised
for bacterial viability and growth. In vivo, for
instance on the mucosal membrane, the bacteria are in
an environment which would not be expected to support
their growth or wviability. It is thus surprising that
20 such bacteria are able to deliver a polypeptide in a
dose (amount)} which is sufficient for the biological
activity of the polypeptide to result in a detectable
biclogical effect.
In a preferred embodiment, the biologically
25 active polypeptide has cytokine activity and the
bacterium may also express an antigen. Interleukins

such as IL-2 and IL-6 may advantageously be delivered.

It will be appreciated that the methods of the
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cytokines contain a disul phide bridge and al

PCT/ GB96/ 02580 19

whi ch naturally produce them The reducing nature of the cytoplasn1of
cells woul d be expected to prevent formation of

bacteri al
bri dges.
secr et ed,

enbodi nen

It

t be obvious that a pol ypeptide which s

KRB,

especially on which naturally contains a disul phide brldge
be biologically active when retained in bacterial cell. Thus, in one

t, the biologically active 10

pol ypeptide is one which is

are secreted fromthe cells

mould

secreted from glebgnvhisfenaidl ahbycRé QLR k- ndhOiMaRi10k 8rC¥d0ki ne to
enhance an i mmune response to the antigen in accordance with the present

i nvention is paathogeait ybapposinmeas odesmtibgenbenéin quratide anmuidwgeni city.

Furt her no

re, rpllcatlon of an i nmmunogen to a nucosal
elicits an | gATPE9FoASet

menbrane generally

SEAPeic P ?tléﬂ’dsa whacBi Heutd anahdet thegood

rotective Iev c e I,S desi rabl e feature,
g:once it is now l?"]'(])'\g\lﬁ ?%?%m&d" 1??% égh'[}isoﬁ'o&flgga % é‘%ilf"a}*m?m ein
prot ecti ng gTucqeabondE§ SE6S AEFRE! TﬁiseCtﬂhQnﬁrgQén@)@mlrx@ioﬁl gA whi ch

binds to the surface of the chdl era baci

of preventing expeidasntiah widlocasaotherixapecsbgA Which effectively
neutralised H V-1 may 25 play an inportant role in protecting against

i nfection

10

15

20

25

(i) a method of regulating the survival,

growth, differentiation, effector functioms
or susceptibility to infection of cells or

tissues which comprises administering to a

subject a non-invasive or non-pathogenic

bacterium as defined herein;

(ii) a method of boosting an immune
response against tumoﬁr cells or an
infection colonising a mucosal surface or
adjacent or distant tissue which comprises
administering to a subject a non-invasive
or non-pathogenic bacterium as defined

herein;

(iii) a method of modulating the type of
immune response {antibody versus cell-

mediated) against a pathogenic infectious
agent which comprises administering to a
subject a non-invasive or non-pathogenic

bacterium as defined herein;

SUBSTITUTE SHEET (RULE 26)

as been shown to be capable



with this virus, since once the virus has gai ned access to the body a
lifelong infection is established _Mthods for.the reliable-and

| ong-1 asting induction of WO 97/ 14806

PCT/ GB96/ 02580 20 nucosal slgA responses are therefore nuch sought after,
since the grespomeger ity of human viruses and bacterial pak¢RsgeA6H258RI ti at e
i nfections by col oni si ng nucosal surfaces. 5 Thus, antigens of |ow
i mmunogenicity froma parasite agai nst which an enhanced | gA response is
beneficial may be enployed particul arly 2@lvant ageously in the present
invention, for instance the P28 inmunogen, (gl utathi one-S-transferase) of
Schi stosoma 10  nansd#’. Foefairet 2femadpirtidid GRfaccording to the present
i nvention, nucleic ac%&.gg i hi rodyced ir](%f%%y%%t%§£§| host cell. Thus, a
further aspect of thé FEEEAT T nPPSﬁa%rOV| €S a et hod conpri sing
introducing 15  nucligir§ apfhcoAs S $ah88Ld-d N0 wR1RAN- i NVasi ve bacterium
preferably a Grampositive bact'eriumand nost preferably a non-comrensal,
non- col oni si ng bact erdompr{ sec hhdasnisteping ous Ja stbéettita asst i on may enpl oy

any avail able technique. For bacterial cells, 20 sui t abl e techni ques may
i ncl ude cal & um chl oliipyasive or non-pathogenic bacterium as

defined herein;

(v) a wmethod of controlling the rate of

growth, rate of invasion or survival of

tumour cells which comprises administering
10 to a subject a non-invasive or non-

pathogenic bacterium as defined herein;

{vi} a method of inducing apoptosis in
tumour cells which comprises administering
to a subject a non-invasive or non-

15 pathogenic bacterium as defined herein;

{vii) a method of downregulating an immune
response which comprises administering to a
subject a non-invasive or non-pathogenic
bacterium which expresses a biologically

20 active polypeptide; and

{viii) a method of treating an allergic
autoimmune or other immune dysregulative
disease state, which comprises

administering to a subject a non-invasive
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transformation, electroporation and transfection using bacteriophage. The
I ntroduction may be foll owed by causing or allow ng expression fromthe
nucleic acid, e.g. by 25 culturing host cells under conditions for
expressi on Q{"’E’ﬂg‘ ene. Gowing the cells in culture undegepsdiobds@ns for
expression o l ol ogically active polypeptide and the antigen may be
enpl oyed to verify that the bacteria contain the encoding nucleic acid and
WD 97/ 14806 24 PCT/ GB96/ 02580 21 are
able to produce the encoded material. Ina further aspect, the present

i nvention provides aJfehbRdsaindiehli%erhite i ¢hoh Caldresaelli ve dose of a
pol ypeptide in vivo, the nethod conprising 5 adm ni stering to an

i ndi vi dual a non-i nvasbielbgidarliyuaccine gpaliyvpgprildéei ¢ aci d for expression
of a biologically active pol ypepti de heterol ogous to the bacterium As
di scussed supra, preferred bacteria include Lactococci such as Lactococcus

| actis and a 10 preferred route of adm nistration yay be by application
to nucosa. Although, illgeﬁﬁitjp‘f i 3§§F§ be@f‘?’bﬁowg&’s‘gtﬂ"@ t"\é express in
such bacteria a, el IPlLogopS P URREEECH) b Baldc@k9Gh cald Bl vgef orm
this has only ever "been
5 the present invention provides a method of enhancing an
immune response to an antigen, the method comprising
administering to an individual a non-invasive bacterium
containing nucleic acid for expression of a polypeptide
with cytokine activity and an antigen.
10 Enhancement of an immune response, such as an
antibody response, preferably provides a level of
immune response which is protective of the individual
against subseqguent challenge with the antigen in a
pathogenic context. For example, if the antigen is a
15 bacterial toxeid or a toxin-fragment, the level of an
antibody response to administration of a bacterium in
accordance with the present invention may subsequently
protect the individual against pathogenic consequences
of challenge with the bacterial toxin, e.g. upon
20 infection with bacteria which produce the toxin.
Administration of the bacterium by application to
a mucosal surface may be advantageous in certain
contexts by virtue of generating an enhanced immune
response at the mucosal membrane (e.g. IgA response) in
25 addition to a systemic response.
The bacterium may be applied in a nutrient

medium, i.e. medium containing a substance or

SUBSNTNT“ESHEET(RULEJN»



15 done in vitro in culture conditions which are optimsed for bacteri al
viabilityv and growth. ln vivo _faor instance-gn-the micosal—rerbrane—the
bacteria are in an environment which would not be expected to support their
growh or viability. It is thus surprising that 20 such bacteria are able
to deliver awp@hx4eptide in a dose (anount) which is suffPCl/oRR0 t he

bi ol ogi cal activity of the polypeptide to result in a detectabl e biological
effect. In a preferred enbodi ment, the biologically 25 active pol ypeptide
has cytokine activity and the bacteriumepay al so express an anti gen.

Interl eukins such as IL-2 and |IL-6 may advantageously be delivered. It wll
be appreci at ed suhatarers mitigbdsustaithelat 1p@Esy7in 4gggo) metabolic

PCT/ GB96/ 02580 22 present invention, and the, use of a non-invasive or non-
pat hogeni c bactaé’Fi"gﬁF%snhég‘(?r Eﬁ‘éﬁeﬁ’e‘f“b‘i nSBFBV?‘géSte?IWe&em?gnﬂés‘:@fm

t herapeutic nmethadsy i(@}\g&glﬁrg | & the skildgdiPer gghnneni pul ate, for

i nstance, the inmune respofise of a subject. us, the present invention
provides, in Vahbetsnédalay@ipetiuge did energyneddnesk @fuchegul ating the
survival, growh, differentiation, effector functions or susceptibility to
i nfection &f cellusose, amino acids and so on.

The individual to which the bacterium is
administered may be human or animal, i.e. a non-human
mammal. Administration may conveniently be nasal, and
may be oral, vaginal or anal. In contexts where

10 mucosal administration is not preferred, the bacterium
may be administered by any other suitable means within
the capacity of those skilled in the art, e.g. by
parental routes (i/v, i/p, s/c, i/m).

In a therapeutic context, i.e. where the

15 Dbioclogical effect of delivery of the polypeptide to an
individual is beneficial to that individual,
administration is preferably in a "therapeutically
effective amount”, thie being sufficient to show
benefit to a patient. Such benefit may be at least

20 amelioration of at least one symptom. 1In a
prophylactic context, the amount may be sufficient to
reduce the deleterious effect on the individual of a
subsequent pathogenic challenge, for instance by
enhancing the immune response. The actual amount

25 administered, and rate and time-course of
administration, will depend on the aim of the
administration, e.g. the biological effect sought in

view of the nature and severity of the challenge, and
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10 ti ssues which conprises adm nistering to a subject a
non-invasi ve or non-pat hogeni c bacterium as defined herein; (ii) a nethod
of boosting an inmmune response against tunmour cells or an 15

i nfection col oni sing a nucosal surface or adjacent or distan Lssue which
conprises ad¥R¥'4%ing to a subject a non-invasive or ngﬁ?}b%%goni c
bacterium as defined herein; 20 (iii1) a method of nodul ating the

type of imune response (antibody versu; cell - nedi ated) against a
pat hogeni ¢ i nfectious agent which conpr es adm nistering to a subject a

non-invasi ve 0fgngfs RAISREENLE Lot i i RASLEIdUM d her ei n;
WO 97/14806 tine optiRfRlEdn!T B2eletidiaonlo o) (iv) a

met hod of nodubhittireatineati, nEhtludirnprophphacmic viagstinat ¥éd h forf | anmat ory
or tunmour cells which conprises adm nistering to a subject a non- 5
i nvasi ve or nomE@Eltogesisippeten idnnags ge¢i nied widhdnnthe¢v) a net hod of
controlling thgééégééfgklity of general practitioners and other

5 medical doctors.

A composition comprising bacteria may be
administered in accordance with the present invention
alone or in combination with other treatments, either
simultaneously or sequentially.

10 The present invention also provides a
pharmaceutical composition comprising a bacterium as
disclosed. Such a pharmaceutical composition is in one
embodiment preferably suitable for application to a
mucosal membrane.

15 Pharmaceutical compositions according to the
present invention, and for use in accordance with the
present invention, may comprise, in addition to the
bacterium, a pharmaceutically acceptable excipienct,
carrier, buffer, stabiliser or other materials well

20 known to those skilled in the art. Such materials
should be non-toxic and should not interfere with the
efficacy of the active ingredient. The precise nature
of the carrier or other material may depend on the
route of administration. For intravenous, cutaneous or

25 subcutaneous injection, or injection at the site of an
affliction, a parenterally acceptable agqueocus solution
may be employed which is pyrogen-free and has suitable

pH, isotonicity and stability. Those of relevant skill
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grow h, rate of invasion or survival of tumour cells which conprises

adm ni steri ng 10 1o a Qllhj ect a non-invasive or ng_n____p.a.t_he.g.e.ﬁ.i_c
bacterium as defined herein; (vi) a nethod of inducing apoptosis in tunour
cells which conprises admnistering to a subject a non-invasive or non- 15
pat hogeni ¢ bgfesaiseen as defined herein; (vii) a method of PEEERPEYRENti ng an
| mmune response which conprises admnistering to a subject a non-invasive
or non- pat hogeni ¢ bacteri um whi ch expresses a biologically 20

active polypeptide; and (viii) a method @77 treating an allergic autoi nmune

or other immune dysregulative di sease state, which conprises adn nistering
to a subject a AdntRAvakt AFe wehd ah}q fgpprepare suitable solutions.

PCT/ GB96/ 02580 24 or _non: pat hogeni ¢. bact et | i C . a

bi ol ogi cal Iy ac irﬁgeﬁg?'i/’p"‘e)eps[’i & ;QN?{,% Tt ib\‘fg%%t a‘?pxet , \ﬁﬁ%ﬁ@% cyt oki ne and
an antigen are RQiN-eXPERSS hdRY i Pedard e HellhcdldéS P relqudred] he present
I nvention provi des a nefhod of enhanci ng an i mmune response to an anti gen,

t he met hod conpmissidigcussed, a pharmaceutical comprising a bacterium

5 for administration in accordance with the present
invention may comprise one or more nutrient substances,
e.g. an energy source such as glucose, amino acids and
SO on.

In another aspect, the present invention provides

10 a method of manufacture of a pharmaceutical comprising
formulating bacteria as disclosed with a suitable
carrier medium for administration to an individual. 1In
one embodiment, the pharmaceutical is suitable for
application to a mucosal membrane of an individual.

15 The present invention alsc provides a non-
invasive bacterium expressing a heterologous
biologically active polypeptide, and possibly also an
antigen, for pharmaceutical use, i.e. use in a method
of treatment 'of the human or animal body by surgery or

20 therapy, including prophylaxis ("vaccination"). As
disclosed, the bacterium may be Gram-positive, is
preferably non-commensal and/or non-colonising and
suitable examples include Lactococcus. The method
preferably comprises administration to a mucosal

25 membrane of an individual, e.g. to enhance an immune
response in the individual.

A further aspect cf the invention provides the

use of any bacterium as disclosed in the manufacture of
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adm nistering to an individual a non-invasive bacterium containing nucleic
acid for expression of a polypeptide with cytokine activity and an anti gen.
10 Enhancenent of an i mune response, such as an antibody response,

preferably pr &gﬁ§,a | evel of imune response which is prgtectd f the
I ndi vi dual agﬁyns gubsequent challenge with the antigen in a pathogenic

context. For exanple, if the antigen is a 15 bacterial toxoid or a toxin
fragment, the level of an antibody respogge to adninistration of a
bacteriumin accordance with the present 1 nvention nmay subsequently protect

the individual agebmsdsiRACAQIENEC £YISQaHOBGE Al ORpbkEAMEh Wit h t he
bacterial toxin, e.g. upon 20 I nfection with bacteria which produce the

t oxi n. Admi ni st medicameyic,t Herbadmniniamnayjcappd i vatingavidual mucshl surface

may be advantageqQus jn certain contexts _ by virtue of _generating an enhanced
i mrune responsea§T1?+ﬁF§ﬁﬁﬁ8§anﬁ%ﬁﬁﬁ%ﬁ%@lyeFa.aITﬁQQ§§§pBﬁ§¥SaW§1CEB

addi ti on to a sygt em&ix;ied?ﬁ?ngﬁg %’{}g b'%a%e%ﬁ%@ﬁabglyﬁ‘?ﬁ%%%ﬂorﬁs% nutrient

medium i.e. nediumcontal nin stance ofr

PCT/ GB96/ 02880 25 swdsiraicegudhi cd. $UARA LAtidaASkpirBs¥bd ) ¢RI abolic
activity in the bacterium Such substances may Sustain
bacterium.

Embodiments of each aspect of the present
invention will be apparent from the disclosure and
those skilled in the art will appreciate that

10 modifications may be made. Further aspects and
embodiments will be apparent. By way of experimental
exemplification and not limitation, use of an
embodiment of the present invention in achieving a
protective level of immune response to an antigen will

b now be described in detail with reference to the
figures. )

Figure 1 shows a flow scheme of plasmid
constructions. The resulting plasmid pTTI2 may be used
to express TTFC and IL-2, and resulting plasmid pTTIé

20 may be used to express TTFC and IL-6, in an organism
such as Lactococcus lactis.

Figure 2a shows the vector pEX1 (also called
PTREX1l) into which a gene, such as an operon construct
comprising coding sequences for an antigen (e.g. TTFC)

25 and a biologically active polypeptide (e.g. a cytckine
such as IL-2 or IL-6), may be inserted at the multiple
cloning site (MCS}.

Figure 2b shows an expanded view of a region of
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viability if not growth of the bacterium Such substances may include an
eRergy—source—sueh—as—b—ghueose—amRe—aeds—anrd—so-on. The—trdvH-dual—to
whi ch the bacteriumis adm nistered may be human or animal, i.e. a

non- human mamal . Adm ni stration nmay conveniently be nasal, and nay be
oral, vagi nalwos# sl . | n contexts where 10 mucosal admRET4GERS02S8M | s not
preferred, the bacteriumnmay be adm ni stered by any other suitable neans
within the capacity of those skilled in the art, e.g. by parental routes
(i/v, ilp, slc, i/m. In a therapeutic c@&%text, i.e. where the 15

bi ol ogi cal effect of delivery of the golﬁ)ept ide to an individual is
beneficial to tREY ABTBFIaishondnantle (B ipsRmPEeHr cHemapPelgarne

"therapeutical | yoftacti _y@D)argql%gg;a?g%%%%}%%gge%%%'%re bk show benefit

to a patient. Such benefit may be a ior &ton o1 at | east

one synptom | rperabdpybsitiiche8OpbL Xxprdia i8R0 a Hanehq 1 88 fdGILNt tO
reduce the deleterious effect on the individual of a subsequent pathogenic
chal I enge, for ianswande (di-lerilsamronhg ¢hibirigneegeenaspohea. ithertaart ual anount

25 . admnistered, and rate and tine-course of adm nistration, will depend
on the aimof tRE 58Fi 98Re MES JRuLBiple (Homng) 8it¥al ef fect sought in view

of the nature and sevgilly. 9 shBGs i | RE108 Wetween the TTFC and

Interleukin cistrons in the operon employed for
expression.

Figure 4 shows TTFC-specific serum IgG titres of

10 groups of six mice vaccinated intr-nasally with

recombinant Lactococcus lactis expressing tetanus toxin
fragment C (TTFC) with the murine cytokines IL-2 or IL-
6.

All documents mentioned herein are incorporated

1s by reference.
EXAMPLE 1

To acquire the simultaneous expression of TTFC
and either mIL2 or mIL6, we have chosen for the
construction of operons driving the two cistrons under

20 investigation. We made use of vectors for constitutive
expression. In general, we try to flank cistrons with
an XbaI site immediately prior to the Shine-Dalgarno
(SD} sequence and an Spel site immediately after the
stop codon. In this way, multiple cistrons can be

25 easily exchanged and put in various combinations any

desired array, since XbalI and SpeI yield the same

-
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WD 97/ 14806 PCT/ GB96/ 02580 26 is the
subj ect of routine optimsation. Prescription of treatnent, including
prophyl actic vaccination, for exanple decisions on dosage etc, is within

the responsibility of general practitioners and other 5 g'égkggoctors.
A conpositidﬁ“@%ﬁ%?fsing bacteria may be administered in 5%@ P W th
the present invention alone or in conbination with other treatnents, either
si mul t aneously or sequentially. 10 The present invention al so

provi des a pharmaceutical conposition cgﬁprising a bacterium as discl osed.

Such a phar macgelikkdl e£QIPOYE! hle | Srd LR yCARRMUJERNhRr ef erably suitable
for application to a nucosal nenbrane. 15 Phar maceuti ca

conposi ti ons aegprdsagon ft ELpr es@mIien\bynineans @hadhkoT7ustomdgteaccor dance
with the present invention, may conprise, in addition to the bacterium a
phar maceut i cal -y Tacgepe alfl &ibperpe epinding: sibe, PufWeechoseabd |WsRer or ot her

terial 11,20 _ K to th killed in the art. h material
Shoul d be non- £6%1 E28ACE SHOIGSRDE FhUCH B0 TP bEPRIBS LA - the

acti ve i ngreedi gl ofig RESGIGERR!WE Guily A €8'Edflornle QLOYermierial may
depend on the route of admnistration. For 1ntravehous, cutaneous or 25
subcut aneous i ppettionednr Wenjchebs@ntAtputhehei TeFofcidtron in front

of the interleukins.

Construction of plasmids
The construction of the plasmids is depicted in
10 Figure 1. Plasmids carrying mIL2 and mIL6é were
subjected to site directed mutagenesis to give extra
Spel sites immediately following the stop codons. The
resulting plasmids were called pL2MIL2A and pLZMILEA,
respectively. A plasmid containing a fusion of the
15 USP45 secretion leader and ETFC was used as the
template for PCR amplification of the various TTFC
sequences needed.
For operons driving intracellular TTFC
production, the gene was amplified as a blunt -
20 SpeI/BamHI fragment and cloned in the vector pTREX1,
which was cut with SphI, blunted and recut with BamHI.
The resulting plasmid was called pT1TT. From this
plasmid, the 3’ terminal 150 bp, Spel TTFC fragment was
isolated and cloned in the XbaI site of pL2MIL2A and
25 pL2MIL6A. The resulting plasmids were called p3TTIL2
and p3TTIL6. We made use of a KpnI restriction site

present in the 3’ end of TTFC to reconstruct TTFC, and
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affliction, a parent erally acceptabl e aqueous sol ution may be enpl oyed
| | y and stabi-ty— Those
of. rel evant skiII WO 97/ 14806

PCT/ GB96/ 02580 27 in the art are well able to prepare suitable solutions.
Preservati veswosmass| i sers, buffers, antioxidants and/ or ®CT&EBIGORSSX | ves
may be included, as required. As discussed, a pharmaceutical conprising a
bacterium5 for admi nistration in accordance with the present invention may
conprise one or nore nutrient substances3ie.g. an energy source such as

gl ucose, amno acids and so on. |In another ect, the present invention
provi des 10  athis ibtadp hbﬁuﬁQ§§FGﬁe°E#rQquh§Wn&éﬁﬁﬁiﬂﬁﬂth@oﬁﬁﬁls|ng

formul ati ng bacfer as disc sed a cay I medi um f or
admi ni stration %%eiolﬁf LagEror 3%%{;% ?H‘}f; %ﬁf armaceutical is
suitabl e for appld.cal; geetﬂp@:m&%agnaﬁ%ﬂrﬁm% ﬂ:‘aduﬂﬁlit‘é' @ugh. 15

The present invention also provides a non- invasive bacterium expressing a
het er ol ogous biptoEp.calthy aedilMangobyasnidsdeerandapbssidiTazakae an antigen,
for .pharmaceutical use, i.e. use in a nethod of treatnent of the human or
ani mal body5 by BX¥Ifery or 20 therapy, including prophylaxis
("vaccination"). As

Expression of proteins
The expression of proteins was assayed by
antibody detection. For this, colonies of the
different strains under investigation were spotted on
10 nitrocellulose membranes, placed on GM17 (difco) solid
agar plates containing appropriate antibiotics. The
plates were incubated overnight and blocked in PBS
containing 2.5% skim milk powder. The filters were
revealed with rabbit-anti-TTFC or rabbit anti MIL2.
1s The experiment showed clear TTPFC expression in all
constructs which hold the TTFC gene. Moreover for
PpTTIZ and pTTAIZ the coexpression of IL2 and TTFC was
detected. Since the junctions between TTFC units and
milé are identical to those between TTFC and mil2 it
20 may be presumed that IL6 was coexpressed with TTFC

equally well.

Preparation of cells for immunisations
Bacterial strains for immunisations were grown
from fresh overnight cultures which were back diluted
25 at a ratio of 1Iml of overnight culture into 15 ml fresh

GM17 medium containing erythromycin at 5 ug/ml and
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di scl osed, the bacteriumnmay be G ampositive, is preferably non-conmensal
and/ or non-col oni sing and suitabl e exanpl es include Lactococcus. The net hod
preferably conprises adm nistration to a nucosal 25 menbrane of an

i ndi vi dual tg_enhance an i mmune response in the indiyj I further
aspect of thgv ﬁ&éﬁfl on provides the use of any bacteri um &L sed in

t he manuf acture of WO 97/ 14806

PCT/ GB96/ 02580 28 a conposition, i.e. a ?garnaceutical conposition or

medi canment, for admnistration to an indiVidual. Such adm nistration is

pref erabl y 1o agrugosal sgvebr aneLl vebe hadkdcliehsasge 18 hiedsd gnnance an

| mmune response 5 in the individual, e.g. to an antigen expressed by the
bact eri um Enboali né0firsn of batweas edct anfll 1Lhe. prexaast wesy eiddhdd Whl | be
apparent fromthe disclosure and those skilled in the art will appreciate
that 10  nodi f 13 ih$heagrisinaldculcpget nekunss wéc OsSanchsamiodi nents wil |

be apparent. By_way of peripental exenplification and not limtation, use
of an enbodinen?ciﬁgﬁﬂgéggrgggﬁﬁmiéaﬁﬁﬁﬁngt?rlngﬁ 83Pﬁasa ffr&ctive |evel
of mmne responsg A ng"ih 9 o dleH oFStne "\PUNKACIGILRAS J et ai ! with
reference to the

and determination of bacterial cell concentration.

Cells were then diluted in the above solution to give

the required number of cells per immunisation.

Immunisation

10 Mice were lightly anaesthetised by inhalation
using “Metofane”. 10ul of the bacterial suspension, in
a solution of 0.5% casein hydrolysate, 0.2M sodium
bicarbonate and 0.5% glucose, were applied to each
nostril in turn using an automatic pipette. The

1S animals were observed closeiy for breathing

difficulties until fully recovered from anaesthesia.

Results

Results are shown in Table 1 and Figure 4.

Bacteria able to express either Interleukin-2 or
20 Interleukin-6 elicited 10x more anti-TTFC antibody than
bacteria expressing TTFC alone.

It is the rule for bacterial toxins that a
protective effect is achieved once the antibody titre
exceeds a threshold value. The levels of antibody

25 titre found in the mice inoculated with bacteria

containing pEX-TTFC/IL-2 and pEX-TTFC/IL-6 far exceeded
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figures. Figure 1 shows a flow schene of plasm d constructions. The

I es-ti-ng—plasm-d—pltH2—ray—be—used—te—express—HH6G-and IL-2, and resulting
pl-asm d pTTI 6 20 may be used to express TTFC and IL-6, in an organi sm
such as Lactococcus l|actis. Figure 2a shows the vector pEXlI (also called
PTREXI ) i nt o WPP¥H8Y gene, such as an operon construct co GPE2SYdi ng
sequences for an antigen (e.g. TTFC) 25 and a biologically active

pol ypeptide (e.g. a cytokine such as IL-2 or IL-6), may be inserted at the
multiple cloning site (MCS). Figure 2b sB®dws an expanded view of a region
of WD 97/ 14806 PCT/ GB96/ 02580 29
PEX1 (pTREX1) sHBfi HyFIsiele1 ptufoten SUBRPARSHaRFRFAEELRYRIRIESESD) and

transcription teLehial do sqeﬁgfferp%er@ws- 4'40n@§c§9§ gXpyeession of a

gene (including a nu cistronic codin sequence when i nserted 5

at the gene N{Eaéﬁylﬁ¢sﬂ aaebmﬁafmxmalte). Fi gure 3 shows the junction
between the TTFC and Interleukin cistrons in the operon enpl oyed for
expression. Figure 4 shows TTFC—specific serumlgGtitres of 10 groups of

si x 4mi ce vacci nat ed |ntr- %ea W th
Summary of ExZerimental Exemplification

5 Artificial operons for the co-expression of an
antigenic polypeptide (tetanus toxin fragment C-TTFC)
and biologically active polypeptides (Interleukin 2;
Interleukin-6) were separately constructed in a
constitutive expression wvector {pTREX1} so that the

10 transcription of the TTFC gene and the interleukin gene
could be controlled by the activity of a lactococcal
promoter element of previously defined activity. The
constructs were prepared so that, following translation
of the mRNA transcribed from the artificial operons,

15 the TTFC antigen would accumulate intraceliularly. A
secretion signal seguence was operably linked to the
interleukin. When preparations of these bacteria were
administered intranasally to mice, bacteria engineered
to express either Interleukin-2 or Interleukin-6

20 elicited approximately 10x more anti-TTFC antibody than
the constructs which expressed the TTFC alone. Thus,
either of these interleukins possessed distinctive
adjuvant activity in the experimental system.

Lactococcus lactig is not a commensal bacterium

25 {unlike related species of lactobacilli, which inhabit

the crops of chickens and are present in the enteric

tracts of many mammals), and also depends for its
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reconmbi nant Lactococcus | actis expressing tetanus toxin fragnent C (TTFC)
with the nurine cytokines IL-2 or IL- 6. Al docunents nentioned herein are
i,ncor porated 15 by reference. EXAMPLE 1 To acquire the sinultaneous

expression qQf TTFC and either m L2 or m L6, we have chose 580
construct i on"SP"B% ons dri vi ng the two cistrons under 20 I nvestigation.
We made use of vectors for constitutive expression. In general, we try to
flank cistrons with an Xbal site imediately prior to the Shine-Dal garno

(SD) sequence and an Spel site i mredi at e?r%/ after the stop codon. In this

way, mnultiple cﬁ&%{m%ncgg bge 25""’@"1%%%? an. 964q8ngh P WedcR q¥ar i OUSV\D

conbi nations any desired array, Ssince Spel yieldthe sane

97/ 14806 which are unlikely to be available RGTAEBOH/E2%He 30 sticky
ends. We have previously achieved the expression of mML2 and m L6 by neans
of the T7 pronodemonstiatdenethst rillsosynekbhredixpyesising sraimschfse t o use
the Xbal site present in the gl0 ri hosone binding site. 5 For this

arrangement we knel®¥He® S5CsBEURTINERES GBlT ER SUEMERE AP o0se to put
the TTFC Clgtrqgrééhégfgy:igfsﬁtﬁéiggﬂgile%ﬁé&é'results demonstrate

for the first time that recombinant strains of a
non-colonising, non-invasive bacterium such as
Lactococcus lactis can be used to synthesise and

deliver biologically active molecules in vivo.

10 TABLE 1 {overleaf)

In the table, "TT/9" is used to indicate
inoculation with bacteria expressing TTFC at a dose of
1x10® bacteria, "TT/8" at a dose of 1x10® bacteria, and
so on. "TT IL-2/9" and "TT IL-6/9" indicate

15 inoculation with bacteria e:xpressing TTFC and IL-2, and
TTFC and IL-6, respectively, at a dose of 1x10°
bacteria, "TT IL-2/8" at a dose of 1x10° bacteria and so
on. The figures given are ELISA titres for individual

mice.
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Construction of plasm ds The construction of the plasmds is depicted in 10
Figuwe 1. Plasnds carrying ml2—and—rllo-were—subject ed to-—si-te-direct ed
nmut agenesis to give extra Spel sites imrediately foll ow ng the stop codons.
The resulting plasm ds were called pL2M L2A and pL2M L6A, respectively. A
pl asm d cont siodmesee f usi on of the 15 USP45 secretion | e0uGBIGNPOTTFC was
used as the tenplate for PCR anplification of the various TTFC sequences
needed. For operons driving intracellular TTFC production, the gene was
anplified as a blunt - 20 Spel / BanHl f3¥%gnment and cloned in the vector
pPpTREX1, which was cut. with_Sphl, blunted and recut with BanHl . The

resul ting pl asrF2Rsd cal | ?FSPW%Q%"S pPAEMY, the 3' terminal 150
bp, Spel TTFC fragnen S i sol g ed and Ioned he Xbal site of pL2M L2A
and 25 pL2M L6A. Y - prastre e varted p3TTIL2 and p3TTI L6.
W made use of a Kpnl rest@-@tlon EE8 o re%’-@%t |n+f§e 3' end of TTFC to
reconstruct TTFC, and 998997/ 148%¢

PCT/ GB96/ 02580 31 thus obt®On t he @sired éﬂerons,ﬂby ligating the Kpnl -
Spel. fragnent from p3TTI 1@Nd p3THOLE wi t I$0t he apf& opri ate Kpnl-Pvull and

Spel - Pvul | fragnents fronsooo 50 50 50
4500 50 50 70
600 110 55 2560

Mean 7516.7 61.7 50.8 90.8

sd 4089.2 24.0 2.0 78.8

ITiL-2/9 IY U-2/8 TTIL-2/7 YU I-2/6

14000 50 50 50

30000 50 50 150

100000 50 50 50

100000 105 150 50

120000 50 80 50

100000 100 50 50
Mean 77333.0 67.5 71.7 66.7
sd 43848.0 27.2 40.2 40.8

TT IL-6/9 TTiL-6/8 TITIL6/7 TTIL6/6

80000 200 50 50
170000 300 50 50
190000 200 100 50
100000 10000 50 50
50000 750 50 50
80000 260 400 50
Mean 111670.0 1851.7 1167 50.0
sd  55648.0  3948.3 140.2 0.0
CONTROLS
pEX1/9  pEXU8  pEXV/7  pEX1/6  Naive
75 75 55 75 60
75 50 75 56 60
50 55 75 75 55
55 50 55 50 55
75 55 75 50 50
60 55 70 50 60
Mean  65.0 56.7 67.5 59.2 56.7
sd 1.4 0.9 1.0 12.4 4.1
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pTI TT. The resulting plasnids were called pTT12 and 5 pTTlG.JmE I““Jm i“"l
proteins The expression of proteins was assayed by anti body détmdgi ar .

this, colonies of the different strains under investigation were spotted on
10 ni trocelé W Agg Menbranes, placed on GVL7 (difco) sol pCagkdidih at €S
contai ning appropriate antibiotics. The plates were incubated overni ght and
bl ocked in PBS containing 2.5% skimm |k powder. The filters were reveal ed
with rabbit-anti-TTFC or rabbit anti MLZ%e 15 The experinment showed clear
TTFC expression in all constructs which hold the TTFC gene. Moreover for
pTTlI 2 and pTTAI 2 the coexpression of 1L2 and TTFC was detected. Since the
junctions between TTFC units and m 16 are identical to those between TTFC
and mi12 it 20 SBIMSe presumed that 1L6 was coexpressed with TTFC equal |y
well. Preparation of cells for imunisations Bacterial strains for

| muni sations wer gr oyn fr,om fres verni ght cul tures I gh were. back
diluted 25 at & atid A ?of? J(;e\}gf'ﬁfbﬂg AW (U £ O oHsfign a7
medi um cont ai ni nEXTiMenh PekyReRr idess whirhi comprises\\pininiteedng to a
PCT/ GB96/ 02580 3Zsubject a non-invasive or non-pathogenic bacterium

5 which expresses said one or more polypeptides.

2. A method of delivering one or more antigens which
comprises administering to a subject a non-invasive or
non-pathogenic bacterium which expresses said one or
more antigens.

10 3. A method of delivering one or more antigens and/or
one or more bioclogically active polypeptides which
comprises administering to a subject a non-invasive or
non-pathogenic bacterium which expresses both said one
or more antigens and said one or more hetervlogous

15 biologically active polypeptides.

4. A method as claimed in claim 1 or claim 3 wherein
the one or more biologically active polypeptides is/are
heterologous to the bacterium.

5. A method as claimed in claim 4 wherein at least
20 one of the heterclogous polypeptides is derived from a
eukaryote or its virus,

6. A method as claimed in claim 4 wherein at least

one of the heterologous polypeptides is derived from a

prokaryote or its wvirus or from a virus homologous to
25 the bacterial species.

7. A method as claimed in any one of claims 1 to 6
wherein the bacterium is a Gram-positive bacterium.
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Peruncn 08 and' T 0 Corl o uer o wisned io 1050 or the ori aiod MM WRDN

vol ume of 0.5% casani no acids, 0.2M sodi um bi carbonate, 0.5% ¢l u¢osé be&fote *
5 resuspending in 1/200th of the original culture volume and

det erm nat i onwobubest eri al cell concentration. Cells were p¢EGEBMIO2S80 ed in

t he above solution to give the required nunber of cells per imunisation.

| muni sation 10 Mce were lightly anaesthetised by inhal ati on using
"Metof ane”. 10[err]l of the bacterial suspension, in a solution of 0.5%
casein hydrol ysate, 0.2M sodi um bi carbonate and 0.5% gl ucose, were applied

to each nostril in turn using an automatic pipette The 15 ani mal s were
observed cl osely for breatk&iéncg1 di f iculéles nt.i | I%?rec vered from
anaest hesi a. Resufts RAsHUFtPLAP Shawme admy a?’f %GB8t eria

abl e to express epphétivathaciteyiimn- Qsdriszerlalmmd@uksnaﬁmequqcped 10x

more anti-TTFC antkDegis ! har!séh%ﬁﬁﬁblcécéﬁ)r eS&d HbshElC abEP@ptdéodc%st he rule
for bacterial toxins.that a protective effect, is ac |eve gt&a[ He anti body

titre exceeds a t PESRBIU Fal HRSEAFRETEY eFREDLSantT bidy 2 4dust ound in

the mce indcul at edewiesd. bacteri a contai ni ng pEX-TTFC/ | L-2 and
pEX-TTFC/ I L-6 far exceeded

9. A method as claimed in claim 8 wherein the Gram-
positive bacterium is Lactococcus lactis.

10. A wmethod as claimed in claim 7 wherein the
bacterium is an attenuated strain of a Gram-positive
10 pathogenic bacterium.

11. A method as claimed in claim 10 wherein the
bacterium is Listeria monocytogenes.

12. A method as claimed in any one of claims 5 to 11
wherein the one or more Dbiologically active

15 polypeptides is/are one(s) which is/are capable of
functioning locally or systemically,eg is a polypeptide
capable of exerting endocrine activities affecting
local or whole-body metaboligm.

13. A method as claimed in any one of claims 5 to 11

20 wherein the one or more Dbioclogically active
polypeptides is/are one({s) which is/are capable of the
regulation of the activities of cells belonging to the
immunohaemopoeitic system.

14. A method as claimed in any one of claims 5 to 11
25 wherein the one or wore biologically active
polypeptides is/are one{s) which is/are capable of
affecting the viability, growth and differentiation of
a variety of normal or neoplastic cells in the body or
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:/\ﬁr 22?}%?2%& ue for subsequent protection against Fggsﬁgai giﬁmmmunmlls””!'l

(see Figure 4, titres at 35 days post vaccination). Sunmary of “the " "

Experi nment al |ification 5 Artificial operons
CO- expr essi oﬁ?@ﬂﬁ antigeni c pol ypeptide (tetanus toxin F&g}g&%ss&- TTFC)

and biologically active polypeptides (Interleukin 2; Interleukin-6) were
separately constructed in a constitutive expression vector (pTREX1) so that
the 10 transcription of the TTFC gene antl the interleukin gene coul d be
controlled by the activity of a . actococcal pronoter el enent of previously
defined activity. The constructs were prepared so that, follow ng

transl ati on of tlh@ffé&ﬂﬂgr mc&inheﬂeffelsgmtaltlaoar bi-f iﬁdﬁti@&e'b@néculﬁé t he
TTFC anti gen wou J ' . creki on. si.gn sequence
was operably i nk&%%%%&%ﬁ?keﬁéa%%?%ény%rle@% tlaggrllslo % é%é bacteria

were admnistered intranasally to mce, bacteria engineered to express
either Interleukins?2 o nedhid askiDafmet) in @niyCbhedoffllaixisnst eby110x nore

anti-TTFC anti bod hézhéaﬁ t thgon%glreuctgrm&ggeexpi{i%agggcgff%TTFc al one.
e

Thus, either of theSe Tnterl'eukins poSsess di stinctive ju?gﬁt"vﬁctivi ty
in the expePfi nent BPlBRRtEMes| dt/@x6c ne (sdct¥highs hefaxe cempatrieml obact eri um
25  (unlike rel atethsgien oz dhdhaitiphesibtancaicCinFabeddd of cells

and tissues mediated by chemokines acting on their
target cell receptors, or the proliferation of
epithelial cells or the promotion of wound healing.

10 16. A method as claimed in any one of claims 5 to 11
wherein the one or more biologically active
polypeptides modulates the expression or production of
substances by cells in the body.

17. A method as claimed in any one of claims 12 to 16

15 wherein the one or wmore Dbiologically active
polypeptides is/are insulin, growth hormone, prolactin,
calcitonin, luteinising hormone, parathyroid hormone,
somatostatin, thyroid stimulating hormone or vasoactive
intestinal polypeptide.

20 18. A method as claimed in any one of claims 12 to 16
wherein the one or wore bioclogically active
polypeptides is/are a structural group 1 cytokine
adopting an antiparallel 4a helical bundle structure
such as IL-2, IL-3, I1L-4, IL-5, IL-6, IL-7, IL-9, IL-

25 10, I1L-11, 1IL-12, IL-13, GM-CSF, M-CSF, SCF, IFN-v,
EPO, G-CSF, LIF, 0OSM, CNTF, GH, PRL or IFNa/SB.

18. A method as claimed in any one of claimg 12 to 16

wherein the one or more Dbiologically active
polypeptides is/are a structural group 2 cytokine which

[ THiS "
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the crops of chickens and are present in the enteric tracts OITI“MHHI"I""“IINHIII
namels).—and_also dependsfor—-+t-6——WO-9/-14866—

PCT/ GB96/ 02580 34 nutrition on the provision of am no acids and pept i d&s °
which are unlikely to be available in vivo, so the denonstration that the
cyt oki ne- expwe9wi4aes strains of L. lactis are neverthel ess"%ﬁ%"‘f”&’“&ugrrent
anti body 5 production is surprising. These results denonstrate for the
first tinme that reconbi nant strains of a non-col onising, non-invasive

bact eri um such as Lactococcus |lactis can3®e used to synthesise and deliver
biologically active nolecules in vivo. 10 TABLE 1 (overleaf) In the

table, "TT/9" is used to indicate inoculation with bacteria expressi ng TTFC

at a dose of 1x1 rr] ter at of e eria,
and so on. "TT %[1%2/ 90"&%% 5 'llejlll ?_J%é/%g i r? s?’é:qﬂ%g; éhilggn‘g[c %%%?t%%gw th
I

bacteria expressRJOFFERSTRH AR @e SRR r ESPER R at a
dose of 1xl10[errjofhagtdelly 'YOIL| lded/cR'ibad afabseentaﬂrxl@’heaft] dysdt eria and

so on. The figures QYNGR &i&h B! BhelthF Hanfi?y bEUWAUHesT 6§ vFa,
5 TNFB, CD40, CD27 or FAS ligands, the IL-1 family of
cytokines, the fibroblast growth factor family, the
platelet derived growth factors, transforming growth
factor 8 and nerve growth factors.

20. A method as claimed in any one of claims 12 to 16
10 wherein the one or more biologically active
polypeptides is/are a structural group 3 cytokine
comprising short chain a/f molecules, which are
produced as large transmembrane pre-cursor molecules
which each contain at least one EGF domain in the
15 extracellular region, eg the epidermal growth factor
family of cytokines, the chemokines characterised by
their possession of amino acid sequences grouped around
conserved cysteine residues (the C-C or C-X-C chemokine
subgroups) or the insulin related cytokines.

20 21. A method as claimed in any one of claims 12 to 16
wherein the one or more biologically active
polypeptideé is/are a structural group 4 cytokine which
exhibit mosaic structures such as the heregulins or
neuregulins composed of different domaing, eg EGF,

25 immunoglobulin-like and kringle domains.

22. A method as claimed in any one of claims 12 to 16

wherein the one or more biologically active

polypeptides is/are a receptor or antagonist for

biologically active polypeptides as defined in any one
30 of claims 10 tc 18.
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WO 97/ 14806 | EH‘“I
Table 1 | MVONE RESPONSE DATA - DAY 35 End- poi nt tltremﬂmﬂﬂauﬂ

vacci nations data TT/9 TT/ 8 TT/ 7 TT/ 6 10000
50 50 11000 60 50 50 10000
75 9000 WO 94/1s806 50 50 4500 50 m’gsmzm 70
600 110 55 250 Mean 7516.7 61.7 50. 8
90. 8 sd 4089. 2 24.0 2.0 78.8 TT IL-2/9 TT IL-2/8 TT
IL-2/7 TT IL-2/6 14000 50 ) 50 30000 50
50 150 100000 50 50 50 100000 105
150 50 120000 50 80 50 100000 100
2(7) , 28 g/eam37£533\ Omethod /GSE5 regulat¥dg 7the sh@vival, g#38d8, 0
) ) . . - 6 80000
200 50 di eg%n%;agtaé effecil\‘%(}J lf'ugcglo%% éf Qigcegg-{%g%btg%
200 100 to ipdecbbono of cepbppoor tissugs which Sgmprises
administering to a subject a non-invasive or non-
5 pathogenic bacterium as defined in any one of claims 1
to 1l1.
24. A method of boosting an immune response against

tumour cells or an infection colonising a mucosal
surface or adjacent or distant tissue which comprises

10 administering to a subject a non-invasive or non-
pathogenic bacterium as defined in any one of claims 1
to 11.

25, A method of modulating the type of immune response
(antibody versus cell-mediated) against a pathogenic

15 infectious agent which comprises administering to a
subject a non-invasive or non-pathogenic bacterium as
defined in any one of claims 1 to 11l.

26. A method of modulating the infiltration of normal
tissues with inflammatory or tumour cells which

20 comprises administering to a subject a non-invasive or
non~pathogénic bacterium as defined in any one of
claims 1 to 11.

27. A method of controlling the rate of growth, rate
of invasion or survival of tumour cells which comprises

25 administering to a subject a non-invasive or non-
pathogenic bacterium as defined in any one of claims 1
to 1l.

28. A method of inducing apoptosis in tumour cells
which comprises administering to a subject a non-
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Vean 111670 0~ 1051 2 1162 300 o4 55648.0 4°°Llllllllllllllﬂl1||||||||I|||

140. 2 0.0 CONTROLS pEX1/9 pEX1/ 8 pEX1/ 7 pEX1/6 *

75 55 75 60 75 50 75 56 60
50 55w097/14806 75 75 55 55 50  PCT/GB%A)2580 50
55 75 55 75 50 50 60 55 70

50 60 Mean 65. 0 56. 7 67.5 59. 2 56.7 sd

11. 4 0.9 1.0 12. 4 a1 CLAMS: 1. A pharnaceuti cal

formul ati on conprising a non-invasive or non-pathogenic bacterium which
expresses one or nore polypeptides. 5 2. A pharmaceutical formulation
conprising a non-jnvasive or n t hogeni.c_ hact.eri um%% ch .expresses one
or nore antigens. 1’3"“%%%%%&&#%@% £O AR i 1@8%?’{23%“3a
non-invasi ve or nore dif)claipathogedilc bact eri um whi ch expresses both one or
nore antigens and one or nore heterologous biologically active

pol ypeptides. 4. A pharmac i cal | ati on as d in or
claim 3 wherein the or?e“‘&?:le’?faraes tﬁl&?'B‘chhﬁ‘IV‘Yac?f‘Fv‘égp ?rgdg%n%%/ are
het er ol ogous to thsdifdedebyusny one or more of the features of claims

5 12 to 22

30. A method of downregulating an immune response
which comprises administering toc a subject a non-
invasive or non-pathogenic bacterium which expresses a
biologically active polypeptide.

10 31. A method of treating an allergic autoimmune or
other immune dysregulative disease state, which
comprises administering to a subject a non-invasive or
non-pathogenic bacterium which expresses a biologically
active polypeptide.

15 32. 2 method as claimed in claim 30 or claim 31
modified by any one or more of the features of claims
7 to 22.

33, A pharmaceutical formulation comprising a non-
invasive of non-pathogenic bacterium as defined in any

20 one of claims 1 to 11, optionally together with one or
more pharmaceutically acceptable excipients, adjuvants,
carriers,or the like.

34. A pharmaceutical formulation as claimed in claim
33 which is a vaccine formulation.

25 35. A pharmaceutical formulation as claimed in claim
33 or claim 34 modified by any one or more of the
features cf claims 12 to 22.
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15 5. A pharmaceutical fornulation as clained in claim4 V\herﬁlmlgmlll st“m "|II|
one of the heterol ogous pol ypeptides is derived froma eukary i) s a
virus. 6. A pharmaceutical fornulation as clainmed in claim4 wherein at

| east one of t}em&& het er ol ogous pol ypeptides is deri V?'ET;G&%?’T“
prokaryote or I'ts virus or froma virus honol ogous to the bacteria

species. 7. A pharmaceutical fornulation as clained in any one of clains 1
to 6 wherein the bacteriumis a Gramposii've bacterium 25 8. A
pharmaceutical fornulation as clainmed in claim?7 wherein the G am positive
bacteriumis Listeria innocua, Staphylococcus xylosus, Staphyl ococcus
carnosus, Streptococcus gordoni, a Lactococcus species or a Lactobacillus
species. 30 9. A phar Aesethod af poodudiati aplesrmelcaunidal rfodimail ax Bomher ei n

the Gram positivgs baeleghbdMirs bAFt QRRCCYS lAGhhs. 33 84 Y& fnicn. .
pharmaceutical fornul ation as cl ai rTFd n ¢claim?7 wherein the bacteriumis
an attenuated strdWOres Bafiesr i?ﬁé“ﬁ&f’ﬁo@%‘?\ﬁ? BIEE SIQIARVEsivey

phar maceuti cal f ornmuhentpatlegenliai edtenia| as nddOinvdier in nadyheodaceéeri um 5

is Listeriagnonocyipganes. ok?. 1A RARLMBGRUL bealndr %% as gl med in
any one of clainms 5 to i[v\/nereln the one or nore biologl cau1y active
pol ypepti des is/ a?c'ecﬁﬂ'?@%’ ¥ GATEF™9Ss/ are capabl e of functioning locally or

systemcally, eg is a polypeptide capable of 10 exerting endocrine
activities affecting | ogabi1&ic Waeha- hQfhprTREAH0I 4N or more coding
sequences for one or more biologically active
polypeptides and one or more coding sequences for one
10 or more antigens wherein each coding sequence is under
the control of a promoter for expression in a non-
invasive or non-pathogenic bacterium.

38. Nucleic acid as claimed in claim 37 modified by
one or more of the features of claims 7 to 22.

15 39. Nucleic acid as claimed in claim 37 or claim 38
which comprises one or more nucleic acid constructs in
which the nucleic acid encoding the one or more
biolegically active polypeptides and/or the nucleic
acid encoding the one or more antigens are under the

20 control of appropriate regulatory sequences.

40. Nucleic acid as claimed in claim 39 wherein the
appropriate regulatory sequences are selected from
promoter sequences, terminator fragments, enhancer
sequences and marker genes.

25 41. DNucleic acid as claimed in claim 32 or claim 40
wherein the one or more nucleic acid constructs
comprise an artificial operon capable of generating a
polycistronic RNA transcript.
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13. A pharmaceutical fornulation as clained in any one of clai tmml I I“""II'" |III
wherein the gne or nore liologi caddmaci-ve—potypepti des i shar Tl

whi ch is/are capable of the regulation of the activities of cel I's Belonglng
to the 15 i mmunohaenopoeitic system 14. A pharnaceutical formulation as
clainmed in awgownmoof clains 5 to 11 wherein the one or nPEEGBIHR®YI cal |y
active polypeptides is/are one(s) which is/are capable of affecting the
viability, growmh and differentiation of a variety of normal 20 or

neopl astic cells in the body or affecting3the i mune regul ation or

I nduction of acute phase inflammatory responses to injury and infection.

15. A pharmaceutical fornulation as clainmed in any one of clains 5 to 11

wherein the one qr, nore piologi.cal ly.active. pol ypepti des.i s/ ar e(s)
which is/are 25 42‘ca%é%‘l|’)eelco %é h%%c?l‘r?ém8¥ ’r’ﬁcﬁ%?ﬁge rogtgic%?‘éﬁgeﬁ 3:%| nf ecti on
of cells and tisdjeyheraiat bl grameseskined Bactanpashlt REPROter far cel |
receptors, or thega ehi L.erdbdsvtudf 18Rkbelial cells or the pronotion of
wound heal ing. 16. A pharmaceutical formulation as clained in any one of
claims 5 to 11 30 wherein the one or nore biologically active
pol ypepti des noddiat eBuelricersidsas sriadmegr bl ey one (#f sdpdmanzeLhy cell's
i P tlhe. bOdﬁ 3% %Kicﬁ_ﬂﬂbﬁ&%ﬂﬁ&esf@ré”é_ﬂzﬁtbgﬁ slaﬁgzﬁllase@sib_ nde,any ong
of cl ai s to | De t . | g [ pepti des
is/fare insulin, Ju%os&?%%ﬁogfm%% %rg)?%ﬁéc%?#een%aeﬁg?)t%%?r#b\él §§éi %?snﬁ)o(r)#geyhor nmone,
par at hyr oi d horré£*9}°§éﬁﬁ%%%t%ﬂﬁlﬁﬁ PRJYRARFigkeSnul ati ng hor mone or
vasoactive intestinal polypeptide. 5 18. A pharnaceutical fornulation as
claimed in any ong of yilGLTE 121k 0ad OtMGlE Nl NS00 T WABIE: PI POl Cal 1y
active polypeptides is/are a s ruc?uré* group )

secretory signal sequence is the a-amylase secretion

10 leader of Bacillus amyloliquefaciens, the secretion
leader of the Staphylokinase enzyme, leader sequences
for other Bacillus enzymes or S-layer proteins or the
leader sequence of the Lactococcal protein Usp45S.

45. Nucleic acid as claimed in any one of claims 37 to
15 44 wherein the antigen{s) is/are antigen(s) capable of
eliciting a protective immune response.

46. Nucleic acid as claimed in any one of claims 37 to
44 wherein the antigen(s) 1is/are ones where a
protective immune response ig accelerated, amplified orx

20 rendered of.longer duration in the presence of one or
more coexpressed biologically active polypeptides as
defined in any one of claims 12 to 22.

47. The use of nucleic acid as defined in any one of
claims 37 to 46 in the transformation of a non-invasive
25 or non-pathogenic bacterium, eg Lactococcus lactis.

48. A method of generating a bacterium as defined in
any one of claims 1 to 11 comprising the step of
introducing inte a non-invasive or non-pathogenic
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POt et ah S A e il L L
GVt CSF, M CSF, SCF, 10 IFN-[err], EPO G CSF, LIF, CSN[ CNTF, , “PRL or
|FN[err]. 19.w6\r%9§1 b ceutical fornulation as claimed in ap %[/gg%éog%sgcl ai s

12 to 16 wherel one or nore biologically active pol ype [are a
structural group 2 cytokine which are often cell-surface associated, form
symmetric honotriners 15 and the subuni}aﬁs take up the conformation of
[err]-jelly roll described for certain vir coat proteins such as the TNF
famly of cytokines, eg TNFa, TNF[err], CD40, CD27 or FAS ligands, the IL-1
famly of cytokines, the fibroblast growh factor famly, the platelet
derived grow h fadiasiterialahssoraeligngebeid e as defidedand ARY Véngr owt h
factors. 20 20. Adshanmaaguitcal Jernul ation as clainmed in any one of
clainms 12 to 16 wherein the one or nore biologically active pol ypeptides
is/are a structural group 3 cytokine conprising short chain [err]

nmol ecul es, which &% producednasnvasige t mnsmeﬁbpmgah&eurbeet@ﬁ@@ul es

whi ch each cont ai @iresgang e £ BRE QQ”F\ 2ﬁet?rdl%[gto|ﬁ§ B1 Ei?ﬁ #jﬁDkl nes

regi on, eg the epider,nmal & factor K nes
characterisetl by i 1P’E’pB WweRtddest agg; ﬁ’ol)aé?”d’ §€qﬂ%¥l%e?§1tgﬁ@i}sed ar ound
conserved cysteine residues (the CC or C X-C chenokine subgroups) or the

insulin related cyooki n@s.nodinvadive Aopha{omassuﬁwahcf %{@E
clainmed in any one, of Clal.!rerCIZ t%? ¥\/n %{Jn one or nore |oI og| cally
active pol ypepti d&s F-8Fgr &7 S, 40 PRt g’r Y4a8¥t?}k‘? R MRFErcexHDi t
mosai ¢ structures fegEnras @ﬁe‘-‘»]l?em@gﬂ‘l tas2dr neuregulins 39 conposed of
di fferent donmi ns, eg EG-, imunogl obulin-Iike and kringle

51. A non-invasive or non-pathogenic bacterium as

10 claimed in claim 49 or claim 50 which comprises nucleic
acid as defined in any one claims 37 to 46.

52. A non-invasive or non-pathogenic bacterium as
defined in any one of claims 49 to 51 for use in
medicine.

15 53. The use of a non-invasive or non-pathogenic
bacterium as defined in any one of claims 1 to 11 or
one which comprises nucleic acid as defined in any one
of claims 37 to 46 in the manufacture of an agent for
the delivéry of one or more biologically active

20 polypeptides and/or one or more antigens.

54. The use as claimed in claim 53 modified by any one
or more of the features of claims 23 to 32.
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domai ns. 22. A pharnaceutical formulation as claimed in any one of clains
12.ta 16 5 wherein . the one or ppre—bi-olog-ealty—acti ve petypeptides—
is/are a receptor or antagoni st for biologically active pol ypeptides as
defined in any one of clains 10 to 19. 23. The use of a non-invasive or

non- pat hogenwo $7aegeer i um as defined in any 10 one of cIPGIEB96O3Y 11 in
the preparation of a nedicanent for regulating the survival, growh,
differentiation, effect or functions or susceptibility to infection of

cells or tissues. 24. Jhe use of a _nonji/dyvasive of non-pathogenic bacterium
as defined in any 15 § one of@clai®K 1 to 11 in the preparation of a

medi canent for boosti r@ an i mmne r@&ponse agai ngt tunmouyr cells or an

i nfection colonisin pUcosa—Sufdea or di stan?! sué. 25. The use of a
non-i nvasi ve of non?pat hogeni ¢ bacterium as defihed Th any 20 one of
claims 1 to 11 in IMSCRT ppar ati on of a nedi canent for nodul ating the type
of inmmune responselfanlibody versus cell-nedi ated) agai nsg a pathogenic

i nfectious agent. ZQe use of a non-invasive of non-f@ag&hogeni c bacterium

as defined in any 25 one of clai 1to 11 in the pr ration of a
medi cament for nodul at™g the infil ggtion of nor mal
inflammatory or tunour cells. 27 _The use of a non-i
non- pat hogeni ¢ bact
preparation of a
growh, rate of in
a non-invasive of n
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of claimse 1 to 11 in the preparation of a medi canent for inducing apoptosis
intunoucells, 5 20— The-—Hse—as—etat-red—+—afty-one of etarms—23 to 28
nodi fied by any one or nore of the features of clains 12 to 22. 30. The use
of a non-invasive or non-pathogeni c bacteri um which expresses a

bi ol ogi cal | yw@8¥1488 pol ypeptide in the preparation of a P BT t or 10
downr egul ati ng an i nmune response. 31. The use of a non-invasive or

non- pat hogeni ¢ bacteri um whi ch expresses a biologically active pol ypeptide
in the preparation of a medi canent for LLeating an al |l ergi c aut oi mune or
ot her imune dysregul ative di sease stgt 15 32. The use as clained in
claim30 or claim3l nodified by any one or nore of the features of clains
7 to 22. 33. A pharmaceutical fornmulation as clained in any one of clains 1
to 22 which 20 is a vaccine. 34. A nethod of producing a pharnmaceuti cal
formul ation as defined in any one of clains phho 22 on claim 33 which
conpri ses the step of adm xi ng one or d&g asi ve or non-pat hogenic
bacteria as defined in any one of clpd 5 wi th one or nore
pharmaceutically acceptable carriers: @8l acid conprising one or
nore codi ng sequences for one or : fl |y active pol ypeptides and
one or nore codi ng sequences fg gens wherein each coding
sequence i s under the control

non-i nvasi ve or non-pat hoge bacterldgh 1@g$hbclei acid as clained in
claim 35 nodified by one of /nore of th % es of clyins 7 to 22.

Hindl!i
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41 37. Nucleip aciq as cl ai ned ip clain135 or claim36 which conprises one

or -6 aci d ereceghtng—the—one
or nore biologically active pol ypeptides and/ or the nucleic acid encodi ng
the one or nore 5 antigens are under the control of appropriate

regul atory seyQOme4886 38. Nucleic acid as clainmed in clai rPEH/CRMERBPN t he
appropriate regul atory sequences are selected from pronoter sequences,
term nator fragnents, enhancer sequences and narker genes. 10 39. Nucleic
acid as clainmed in claim37 or claim 38 zgfrein the one or nore nucleic
acid constructs conprise an artificial 3 on capabl e of generating a

pol ycistronic RNA transcript. 15 440. Nucleic agd _as clained in any one
of clains 35 to 39 whergin the pgraayt is a Lgcgo qgcal pronoter for use
in Lactococcus lactis. 41. Nucl eéEcEdci) as cl aBmgd| i«€ any one of clainms 35
to 40 which further conprises a secrfetgry signal s ence, upstream of the
codi ng sequence(s) for tlhe 20 Q(ﬂe g nore b&oto iqgally active

pol ypeptides. 42. Nucleifc acid d%-g4akged in cfa 43 wherein the secretory
signal sequence is the [lerr]-amPa3d $ecretionS e of Bacill us

anyl ol i quef aci ens, the slecretion |edd of the Staphyl oki nase enzyne,

| eader sequences for other Bacillus erggynes or S 2 | ayer proteins or
t he | eader sequence of tjhe Lactococcallprotein Usp4dx2 43. Nucleic acid as
clainmed in any one of cljainms 35 to 42§5herein t he adEigen(s) is/lare
antigen(s) capable of elficiting a prot®ctive i mune ¥esponse. 30 44,
Nucl eic acid as clained in any one of «lains 35 to 4¢ wherein the
antigen(s) is/are ones vihere a protedfye i mune reg@dnse i s accel erat ed,

anplified or rendered of| | onger duratligh in the pre5 ce of one or nore
coexpressed bi ol ogically active pol yf igges as def :d% n any one of
claims 12 to 22. 124 n <
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42 45. The use of nucleic acid as defined in any one of clainms 35 to 44 in
t he—t+aheiorfation—of a—non-I-Nvasi-ve—ar—hehr—pat-hegent ¢ bacter+uvm—eg——
Lactococcus lactis. 5 46. A nmethod of generating a bacteriumas defined in
any one of clainms 1 to 11 conprising the step of introducing into a

non-i nvasi ve wis o7asbsPat hogeni ¢ bacterial host cell nucl ei ecasindé/eessodef i ned
in any one of clains 35 to 44. 10 47. A non-invasive or non-pathogenic
bacteri um expressing (i) one or nore heterol ogous biologically active

pol ypeptides and (ii) one or nore antigens. 48. A non-invasive or
non- pat hogeni ¢ bacteriumas clained in CIEZT!47 nodi fied by any one or nore
of the features of clains 7 to 22. 15 49. non-i nvasi ve or non-pat hogeni c
bacteriumas claimed in claim47 or claim48 which conprises nucleic acid
as defined in any one clainms 35 to 44. 50. A non-invasive or non-pathogenic
bacteri um as defindﬂﬂﬂﬁﬂﬂrr*une of—Ttrar s 20" A7TO 49 tor ose 1n
medi ci ne. ]
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