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(57) Abstract: The present disclosure relates generally to therapeutic compositions comprising recombinant bacteria. Further, the
disclosure elaborates upon methods of utilizing the taught therapeutic compositions to treat autoimmune and inflammatory disease.
The present teachings also relate to the disclosed recombinant bacteria and methods of producing the recombinant bacteria utilized
in the compositions and methods. Further taught herein are dietary supplements and food additive compositions comprising the
taught recombinant bacteria.
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Recombinant Lactococcus lactis Expressing Escherichia coli Colonization
Factor Antigen 1 {CFA/) Fimbriae and Their Methods of Use

CROSS REFERENCE TO RELATED APPLICATIONS
{001} This application claims priority to U.S. Provisional Application No. 61/704,672, filed
September 24, 2012, the entire contents of which are hereby incorporated by reference in their

entirety for all purposes.
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{002} This invention was made with government support under Contract No. NIH PO
AT004986, awarded by the National Institutes of Health. The government has certain rights in

the invention.
FIFELD

{003} The present disclosure relates generally to  therapeutic compositions comprising
recombinant bacteria. Further, the disclosure claborates upon methods of utilizing the taught
therapeutic compositions to treat antoimmune and inflammatory discase. The present teachings
also relate to the disclosed recombinant bacteria and methods of producing the recombinant
bacteria utilized in the compositions and methods. Further taught herein are dietary supplements

and food additive compositions comprising the taught recombinant bacteria.
BACKGROUND

{0064} Targeted immunotherapy is a highly developed approach for treating chronic infections,
autoimmune discases, allograft rejections, and malignancics. Immunotherapy for autoimmune
disorders is also especially attractive for correcting inflammatory discases without having to

resort to immunosuppressive drug therapies. (Kochetkova, 20083,

{0065] Autoimmune discases are characterized by the body's immune responses being directed
against its own tissues, causing prolonged inflammation and subsequent tissuc destruction. For

instance, autoimmune disorders can cause immune-responsive cells to attack the linings of the
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joints or trigger immune cells to attack the insulin-producing islet cells of the pancreas, leading

to rheumatoid arthritis and insulin-dependent diabetes mellitus respectively.

{806} In contrast, a healthy immune system recognizes, identifics, remembers, attacks, and
destroys bacteria, viruses, fungi, parasites, cancer cells, or any health-damaging agents not
normally present in the body. A defective immune system, on the other hand, wreaks havoc
throughout the host by directing antibodics against its own tissucs as well as cell-mediated

HOMUNS TeSponses.

{867} Generally, a discasc in which cytotoxic cclls arc directed against self-antigens in the
body’s tissucs is considered autoimmunc in nature. Such discases include celiac disease, Crohn’s
discase, pancreatitis, systemic lupus ervthematosus, Sjogren’s syndrome, Hashimoto's
thyroiditis, and other endocrinopathies. Allergies and multiple sclerosis are also the result of

disordered immune functioning.

{008} Rheomatoid arthritis (RA) is an iroportant autoimmaune discase that inflicts roughly 0.5 to
1% of the huroan population worldwide. (Scott, 2010). Tn 2010, RA resulted in approximately
49,000 deaths globally, (Lozano, 2012). Rheumatoid arthritis results in a chronic, systemic
inflaromatory disorder that may affect many tissues and organs, but principally attacks synovial
joints. RA can be a disabling and painful condition, which can lead to substantial loss of mobility
it not adequately treated. The ctiology of RA 1s still unknown, but hereditary factors and possible
infectious agents (bacteria and viruses} are assumed to participate in the disease initiation.
(Kochetkova, 2008). RA is mediated by T cells, predominantly CD4' T cells, and
proinflammatory cytokines, such as TNF-o and IL-1, are considered responsible for orchestrating

pathogenesis. /.

{0089} The design of therapeutic agents and vaccines capable of preventing or reversing chronic

inflarnmation is of particular interest to the medical community,
{018} Thus, the development of such a therapeutic is urgently needed in the art,

{811} Furthermore, there is a need in the art for dictary supplements and food additives

comprising clements that are beneficial to a subject’s immune response.
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BRIEF SUMMARY
{012} The present disclosure addresses a critical need in the medical community by developing a
recomnbinant Gram-positive bacterial vector that successfully expresses cnterotoxigenic

Escherichia coli colonization factor antigen 1 fimbriac.

{813} Before the present disclosure, there had not been a successful expression of
enterotoxigenic £, cofi (ETEC) colonization factor antigen I (CFA/I) fimbriac in Gram-positive
bacteria. The present inventors have surprisingly discovered that through the methods taught
herein, one is able to insert and successfully express, £, cofi CFA/L fimbriae in a Gram-positive
bacteria,

{014} The disclosure therefore presents therapeutic compositions comprising recombinant
Gram-positive bacteria oxpressing ETEC CFA/I fimbriac that arc beneficial for treating an

autoimmune disease or disorder,

{015} Furthermore, the prescnt therapeutic compositions comprising the recombinant Gram-
positive bacteria expressing ETEC CFA/L fimbriac are beneficial for treating an inflammatory

disease or disorder.

{016} The product produced by the recombinant bacteria taught herein provides bencficial
properties for the treatment of astoimmuone and inflammatory diseases. That is, the peptide
sequences expressed by the taught recombinant bacteria are demonstrated to be beneficial for the

ireatment of autoimmune and inflamomatory discases.

{017} In a particular erobodiment, the recombinant Gram-positive bacteria expressing the ETEC
CFA/I fimbriac belong to the lactic acid bacterial clade. Some embodiments utilize members of
the Ovder Lactobacillales as the recombinant bacterial host for the ETEC CFA/T fimbriace gene.
Yet other embodiments employ members of the Family Streplococcaceae as the recombinant
bacterial host for the ETEC CFA/I fimbriac gene. Yet still other embodirnents use bacteria from
the Genus Lactococcus to host the ETEC CFA/T fimbriac gene. One particular embodiment,

-

utilizes the bacterial Species Lactococcus lactis to host the ETEC CFA/I fimbriae gene.

[818] The compositions presented herein are suitable for combination with any known

pharmaceutically acceptable carrier, buffer, excipient, adjuvant, or mixtare thercof.

o]
2
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{019} The compositions presented herein may in some cmbodiments be placed within
foodstuffs, such as: beverages, dairy products, yogurts, fermented food products, and the like, as

feasible and consumer friendly delivery vehicles.

{820} The compositions taught herein may also be delivered in food supplements, such as:
powdcred compositions comprising the taught rccombinant bacterial cclls, encapsulated
compositions comprising the taught rccombinant bacterial cclls, or any liguid formulation

coraprisiog the taught recombinant bacterial cells.

{021} In cmbodiments, the recombinant Gram-positive bacterial ccll comprising a nucleotide
sequence coding for ETEC CFA/I fimbriac comprises sequences coding for at lcast onc gene

selected from the group consisting of ¢faA, ¢faB, ¢faC, and ¢faE.

{822} In certain embodiments, the recombinant Gram-positive bacterial cells contain nucleotide
sequences coding for the ¢faA gene. In other embodiments, the recombinant Gram-positive
bacterial cells contain nucleotide sequences coding for the ¢faB gene. In yet other embodiments,
the recombinant Gram-positive bacterial cells contain nucleotide sequences coding for the cfaC
gene. Farther still, the recombinant Gramepositive bacterial cells may contain nucleotide
sequences coding for the ofel gene. Also disclosed are recombinant Grame-positive bacterial

cells containing nucleotide sequences coding for the ¢faB and ¢faE gene.

{823] In certain embodiments, the recombinant Gram-positive bacteria comprising a nucleotide
sequence coding for at least one gene selected from the group consisting of ¢fa A, cfaB, cfaC, and

¢faF, is a bacteria from the Genus Lactococcus.

[824] In certain embodiments, a recombinant Laciococcus bacterial cell contains nucleotide
sequences coding for the ofaA gene. In other embodiments, a recombinant Lactococcus bacterial
cell contains nucleotide sequences coding for the ¢faB gene. In yet other embodiments, a
recombinant Lactococcus bacterial cell contains nucleotide sequences coding for the ¢/aC gene.
Further still, a recombinant Laciococcus bacterial cell may contain nucleotide sequences coding
for the ofuE gene. Also disclosed are recombinant Lacfococcus bacterial cells containing

nucleotide sequences coding for the ¢faB and of¢E gene.
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{025} In certain embodiments, the recombinant Gram-positive bacteria comprising a nucleotide
sequence coding for at lcast one gene selected from the group consisting of ¢faA, ¢faB, cfaC, and

cfak, is a Lactococcus lactis bacterial species.

{026] In certain cmbodiments, a rccombinant Laciococcus lactis bacterial cell contains
nucleotide sequences coding for the c¢faA gene. In other embodiments, a recombinant
Lactococcus lactis bacterial cell contains nucleotide sequences coding for the ¢faB gene. In yet
other embodiments, a recombinant Laciococcus lactis bacterial cell contamns nucleotide
sequences coding for the ¢faC gene. Further still, a recombinant Laciococcus lactis bacterial cell
may contain nucleotide sequences coding for the ofall gene. Also disclosed are recombinant
Lactococeus lactis bacterial cells containing nucleotide sequences coding for the ¢faB and ¢faE

gene.

[827] In embodiments, the recombinant Gram-positive bacterial cell comprising a nucleotide
sequence coding for ETEC CFA/I fimbriac comprises sequences coding for at least one gene
selected from the group consisting of ¢faA, ¢faB, ¢faC, and ¢faE, and at lcast one of these genes

are expressed by the Grame-positive bacterial cell.

[028] In some embodimoents, the ¢faA gene is expressed in the Graro-positive bacieria. In other
crobodiments, the ¢faB gene s expressed i the Gram-positive bacteria. In yet other
embodiments, the ofaC gene is expressed in the Gram-positive bacteria. Yet other erobodiments
demonstrate that the ¢fgE gene is expressed in the Grame-positive bacteria. Furthermore, any
combination of the aforementioned genes can be expressed in the Gram-positive bacteria, for

mstance in some embodiments both the ofaB and o/l genes are expressed.

{829} In cmbodiments, the recombinant Laciococcus bacterial cell comprising a nucleotide
sequence coding for ETEC CFA/I fimbriag comprises sequences coding for at least one gene
selected from the group consisting of ¢fa A, ¢faB, ¢faC, and ¢faE, and at least oune of these genes
arc expressed by the Lactococcus bacterial eell.

{830} In some embodiments, the ¢feA gene s expressed in the Lactococcus bacterial cell. In
other embodiments, the ¢foB gene 18 expressed in the Lactococcus bacterial cell. Tn yet other

embodiments, the ¢faC gene s expressed in the Loctococcus bacterial cell. Yet other
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embodiments demonstrate that the cfaE gene is cxpressed in the Lacfococcus bacterial cell
Furthermore, any combination of the aforementioned genes can be expressed in the Lactococcus
bacterial ccl, for instance in some embodiments both the ¢faB and ¢faE genes arc expressed.

{831} In cmbodiments, the recombinant Lactococcus laciis bacterial ccll comprising g
nucleotide sequence coding for ETEC CFA/I fimbriac comprises sequences coding for at lcast
onc gene sclected from the group consisting of ¢fad, ¢feB, ¢faC, and ¢faE, and at least one of

these genes are expressed by the Lacrococcus lactis bacterial cell,

{832} In some embodiments, the ¢faA gene 18 expressed in the Lactoceccus lactis bacterial cell.
In other embodiments, the ¢faB gene 18 expressed in the Lactococcus lactis bacterial cell. In yet
other embodiments, the ¢faC gene 15 expressed in the Laciococcus lactis bacterial cell. Yet other
erobodiments demonstrate that the ¢feE gene s expressed in the Lactococcus lactis bacterial cell
Farthermore, any combination of the aforementioned genes can be expressed 1o the Lactococcus
lactis bacterial cell, for instance in somwe embodiments both the ¢feB and ¢faE genes are

expressed.

{033} In cmbodiments, the recombinant Grame-positive bacterial cell comprising a nuocleotide
sequence coding for ETEC CFA/T fimbriac comprises SEQ ID NO: 1. In some embodiments, the

recombinant Gram-positive bacterial cell expresses SEQ IDNO: 1,

{834] In cmbodiments, the recombinant Lactococcus bacterial cell comprising a nucleotide
sequence coding for ETEC CFA/T fimbriae comprises SEQ 1D NO: 1. In some embodiments, the

recombinant Lactococcus bacterial cell expresses SEQ ID NO: 1L

[835] In cwbodiments, the rvecombinant Lactococcus lactis bacterial cell comprising a
nucleotide sequence coding for ETEC CFA/ fimbriae comprises SEQ D NO: . In some

erobodiments, the recombinant Lactococcus lactis bacterial cell expresses SEQ ID NO: L.

[836] In vet other embodiments, the recombinant Gram-positive bacterial cell comprising a
nucleotide sequence coding for ETEC CFA/T firobriae comprises sequences coding for at least
one gene selected from the group consisting of SEQ ID NGs: 2, 3, 4, and 5. In some
embodiments, the recombinant Gram-positive bacterial cell expresses at least one gene selected

from the group consisting of SEQ ID NOs: 2, 3, 4, and 5. In some embodiments, SEQ 1D NO: 2

6
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is expressed. In other embodiments, SEQ 1D NO: 3 is cxpressed. Further, embodiments entail
cells that express SEQ 1D NO: 4. Yot other embodiments entail cclls that express SEQ 1D NO: 5.
Also taught arc embodiments in which SEQ ID NOG: 2 and SEQ 1D NO: 5 are both cxpressed.
The disclosure also teaches cclls in which any combination of the aforementioned SEQ ID NOs

is expressed.

{837} Further, the disclosure tecaches Gram-positive recombinant bacteria that cxpress at least
onc peptide selected from the group consisting of SEQ ID NO: 9, 10, 11, and 12, or

combinations thereof,

{038} In yet other cmbodiments, the recombinant Lactococcus bacterial ccl comprising a
nucleotide sequence coding for ETEC CFA/I fimbriae comprises sequences coding for at least
onc gene sclected from the group consisting of SEQ 1D NOs: 2, 3, 4, and 5. In some
embodiments, the recombinant Laciococcus bacterial cell expresses at least one gene selected
from the group consisting of SEQ ID NOs: 2, 3, 4, and 5. Tn some embodiments, SEQ ID NO: 2
is expressed. In other embodiments, SEQ ID NO: 3 is expressed. Further, embodiments entail
cells that express SEQ TD NO: 4, Yet other embodiments entail cells that express SEQ ID NO: S,
Also taught are embodiments in which SEQ ID NO: 2 and SEQ ID NO: § are both expressed.
The disclosure also teaches cells in which any combination of the aforementioned SEQ ID NOs

is expressed.

{839] Further, the disclosure teaches Laciococcus recombinant bacteria that express at feast one
peptide selected from the group consisting of SEQ ID NG: 9, 16, 11, and 12, or combinations
thereof.

{848} In yet other embodiments, the recombinant Lactococcus lacts bacterial cell comprising a
nucleotide sequence coding for ETEC CFA/T fimbriac comprises sequences coding for at least
one gene selected from the group consisting of SEQ ID NGs: 2, 3, 4, and 5. In some
embodiments, the recombinant Lactfococcus lactis bacterial cell expresses at least one gene
selected from the group consisting of SEQ 1D NQOs: 2, 3, 4, and 5. In some embodiments, SEQ
I NO: 2 is cxpressed. In other ewbodiments, SEQ ID NO: 3 is expressed. Further,
embodiments entail cells that express SEQ D NO: 4. Yet other embodiments entail cells that

express SEQ 1D NO: 5. Also taught arec embodiments in which SEQ ID NO: 2 and SEQ 1D NO:

.
Ji
i
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5 are both expressed. The disclosure also tcaches cclis in which any combination of the

aforementioned SEQ ID NOs is cxpressed.

{841} Further, the disclosure teaches Lactococcus lactis recombinant bacteria that express at
icast onc peptide sclected from the group consisting of SEQ ID NO: 9, 10, 11, and 12, or

combinations thereof

{8421 Also taught herein arc recombinant Gram-positive hacterial cells, Lactococcus bacterial
cells, and Lactococcus lactis bacterial cells, for example, comprising a nucleotide seguence
coding for ETEC CFA/I fimbriac comprising SEQ 1D NO: 1, or nucleotide sequences sharing
99% sequence homology to SEQ 1D NO: 1, or 98% sequence homology to SEQ ID NG: |, or
97% sequence homeology to SEQ D NO: 1, or 96% sequence homology to SEQ ID NO: 1, or
959% sequence homology to SEQ ID NGO 1, or 95% to 90% sequence homology to SEQ 1D NO:
L.

{043} Furthermore, also tanght herein are recombinant  Gramvpositive  bacterial  cells,
Lactococeus bactenial cells, and Lactococeus lactis bacterial cells, for example, comprising a
nucleotide sequence coding for ETEC CFA/T fimbriae comprising SEQ ID NO: 1, or nucleotide
sequences with single point mutations, or single nucleotide substitutions, within SEQ 1D NO: 1,
wherein satd single point mutations, or single nucleotide substitutions, are silent and do not

effect the protein coded for by SEQ ID NO: 1.

[844] Also taught herein are recombinant Gram-positive bacterial cells, Lactococeus bacterial
cells, and Lactococcus laciis bacterial cells, for example, comprising a nucleotide sequence
coding for ETEC CFA/ fimbriae comprising at least one gene selected from the group consisting
of SEQ 1D NOs: 2, 3, 4, and 5, or nucleotide sequences sharing 99% sequence homology to SEQ
ID NOs: 2, 3, 4, and S, or 38% sequence homology to SEQ ID NOs: 2, 3, 4, and 5, or 97%
sequence homology to SEQ 1D NOs: 2, 3, 4, and 5, or 96% sequence homology to SEQ ID NOs:

3, 4, and 5, or 95% sequence homology to SEQ ID NOs: 2, 3, 4, and S, or 95% to 30%

sequence homology to SEQ ID NOs: 2, 3,4, and S.

{0458} Furthermore, also taught herein are recombinant Gramepositive bacterial  cells,

Lactococeus bacterial cells, and Laciococceus lactis bacterial cells, for example, comprising a
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nucleotide scquence coding for ETEC CFA/T fimbriac comprising at least one gene sclected from
the group consisting of SEQ 1D NOs: 2, 3, 4, and 5, or nucleotide sequences with single point
mutations, or single nucleotide substitutions, within SEQ D NOs: 2, 3, 4, and 5, wherein said
single point mutations, or single nucleotide substitutions, are silent and do not cffect the proteins

coded for by SEQ 1D NOs: 2, 3, 4, and 5.

{846 Also taught herein are recombinant Gram-positive hacterial cells, Lactococcus bacterial
cells, and Laciococcus lactis bacterial cells, for example, comprising a mucleotide sequence
coding for ETEC CFA/ fimbriac comprising sequences coding for at least one gene sclected
from the group consisting of cfad, ¢faB, ¢faC, and cfaE, or nucleotide sequence corresponding
to the aforementioned structural genes that have been codon optimized for expression. That is,
codon optimization procedures may be performed on cach of the genes individually in order to

maximize expression into a particular Graro-positive bacterial species,

{847} Furthermore, also taught herein are recombinant Grame-positive bacterial  cells,
Lactococeus bactenial cells, and Laciococeus lactis bacterial cells, for example, expressing at
lcast one peptide selected from the group consisting of SEQ ID NO: 9, 10, 11, and 12, or
combinations thereof. Tn some embodiments, the peptides of SEQ ID NO: 9 and SEQ ID NO; 12

are expressed.

{048} Furtherroore, 1o embodiments, the entive CFA/L operon may be codon optimized for

maximum expression into a particular recipient Gram-positive bacterial species.

{#498] The recombinant bacterial cells taught herein comprising a mucleotide sequence coding for
ETEC CFA/ fimbriae can induce an anti-inflammatory response in a subject administered the
recombinant bacterial cell.

{058} In some embodiments, the level of a regulatory cyiokine selected from IL-10 or TGF-B in
a subject is increased npon administering of the recombinant bacteria to the subject, as compared
to the level of the regulatory cviokine IL-10 or TOF-f present in the subject before said
administering of the recombinant bacteria.

{051} In other aspects, the level of at least one cytokine selected from the group consisting of

IFN-y, TNF-¢, and 1L-17 in a subject is decreased upon administering of the recombinant

9
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bacteria to the subject, as compared to the level of at least one of the cytokines sclected from the
group consisting of IFN-y, TNF-q, and IL-17 present in the subject before said administering of

the recombinant bacteria.

(0§52} Further taught herein are probiotic compositions comprising recombinant lactic acid
bacteria expressing ETEC CFA/I fimbrige. In certain aspects, the taught probiotic compositions
support a hcalthy immunc system. The taught probiotic compositions may also be used to

supplement an individual’s normal dictary regime.

1§53} Furthermore, in certain embodiments, the present disclosure teaches dictary supplements
that comprisc recombinant bacteria comprising muclestide scquences encoding ETEC CFA/
fimbriac, In particular embodiments, the recombinant bacteria expresses the ETEC CFA/A
fimbriac. In certain aspects, the taught dictary supplements support a healthy immune system.

The dietary supplements may also be used to supplement an individual’s normal dietary regime.

[854] The present disclosure also feaches food additive compositions comprising recombinant
Gram-positive bacteria comprising nucleotide sequences encoding ETEC CFA/L fimbriac. In
particular embodiments, the recombinant Grame-positive bacteria expresses the ETEC CFA/

fimbriae,

{055} In some embodiments, the taught food additive corapositions coraprise recombinant lactic
acid bacteria comprising nucleotide sequences encoding ETEC CFA/T fimbriac. In particular
erobodiments, the recombinant lactic acid bacteria expresses the ETEC CFA/T fimbriac.

[056] In other embodiments, the tanght food additive compositions comprise recornbinant
Lactococcus bacteria comprising nucleotide sequences encoding ETEC CFA/ fimbriac, In
particular embodiments, the recombinant Lactococcus bacteria expresses the ETEC CFA/
fimbriac.

{857} In vet other embodiments, the taught food additives comprise recombinant Laciococcus
lactis bacteria comprising nucleotide sequences encoding ETEC CFA/I fimbriae. Tn particular

embodiments, the recombinant Lactococcus lactis bacteria expresses the ETEC CFA/] fimbriae.

{058} In certain aspects, the taught food additives support a healthy immune system.

10
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{059} Also presented hercin are mcthods of ftreating or preventing an auptoimmune or
inflammmatory discase by administering the aforementioned compositions comprising a
recombinant bacieria comprising a nucleotide sequence coding for enterotoxigenic Escherichia

coli colonization factor antigen | fimbriac.

{068} In an cmbodiment, the method of treating or preventing an autoimmune or inflammatory
discasc comprises administering the taught compositions comprising the recombinant bacteria

once daily to a subject in need of such treatment.

{861} In another cmbodiment, the method of treating or proventing an autoimmung or
inflammatory discase comprises administering the taught compositions comprising the
recombinant bacteria twice daily, three times daily, four times daily, or five times daily to a

subject in need of such treatment.

{062} Other cmbodiments comprise administering the taught compositions comprising the
recornbinant bacteria on an as needed basis based upon a subject’s physiological symptoms, such

as pain, swelling, trritation, or discomfort,

{063} Some cmbodiments comprise administering the taught compositions comprising the
recombinant bacteria on a prophylactic bases to a subject that does not presently experience

physiological symptoms associated with an automumune or inflammatory discase.

{064} Taught embodiments comprise administering the disclosed corapositions comprising the
recombinant bacteria, wherein the compositions are combined with any known pharmaceutically
acceptable carrier, buffer, excipient, adjuvant, or mixture thereof,

{0658} Taught embodiments entail administering the disclosed compositions comprising the
recombinant bacteria, as part of a subject’s dietary routine vig a foodstuff, such as a: beverage,
dairy product, yogurt, fermented food, or the like.

[866] Taught embodiments entail administering the disclosed compositions comprising the
recombinant bacteria, as part of a food supplement, such as a: powdered composition,

encapsulated composition, or any hiquid formulation.

i1
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{067} The methods disclosed hercin arc able to increase the level of a regulatory cytokine
selected from IL-10 or TGF-B in a subject, upon administering the disclosed compaositions, as
comparcd to the lovel of the regulatory cytokine 1L-10 or TGF-§ present in the subject before

said administering.

{868} The methods disclosed herein are able to decrease the level of at least onc cytokine
selected from the group consisting of IFN-v, TNF-a, and 1L-17 in a subject, upon administering
the disclosed compositions, as compared fo the level of at least one of the cytokines selected
frora the group consisting of IFN-y, TWF-g, and IL-17 present in the subject before said

administering.

{069} Also presented herein are methods of ireating or preventing rheumatoid arthritis, Other

methods taught herein are for treating or preventing multiple sclerosis.

{070} In some cmbodiments, rheumatoid arthritis s treated by adminisicring the taught
compositions in conjunction with palliative arthritic treatments, as the disclosed compositions are
demonstrated to suppress the level of proinflammatory cyiokines and inerease the level of anti-
inflammatory cytokines. Thus, the present methods may act synergistically with known arthritic

treatments to relieve swelling and joint pain,

{071} Also presented herein are methods of cliciting an tmunune response n an individual,
comprising: administering the aforementioned compositions comprising a recombinant Gram-
positive bacteria comprising a nucleotide sequence coding for enterotoxigenic Escherichia coli

colonization factor antigen I fimbriac,

{872} The present disclosure also relates to methods of suppressing proinflammatory cytokines
in an individual by administering a composition comprising recombinant Gram-positive bacteria
comprising a nucleotide sequence coding for enterotoxigenic Fscherichia coli colonization factor
antigen 1 fimbriae. In some embodiments, the promflammatory cytokine suppressed by the
present methods are at least one selected from the group consisting of IFN-y, TNF-g, and 1L.-17.

{873} In particular embodiments, the present methods decrease the level of proinflammatory
cytokines produced in a subject treated with the taught compositions to an extent greater than the
level of proinflammatory ¢ytokines that would be depressed by the same subject if treated with a
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Salmonella vector cxpressing CFA/I fimbriac. In some embodiments, the proinflammatory
cytokine suppressed by the present methods are at least one sclected from the group consisting of

IFN-y, TNF-a1, and 1L-17.

{#74] Furthermore, the present disclosure teaches methods of increasing anti-inflammatory
cytokines in an individual by administering a composition comprising recombinant Gram-
positive bacteria comprising a nucleotide sequence coding for enterotoxigenic Eschierichia coli
colonization factor antigen 1 fimbriac. In some embodiments, the anti-inflaromatory cyiokine

inereased by the present methods 1s TL-10 or TGF-{.

{075} In particular ecmbodiments, the present methods incrcase the level of anti-inflammatory
cytokines produced in a subject treated with the taught compositions to an exient greater than the
ievel of anti-inflammatory cytokines that would be produced by the same subject if treated with a
Salmonella vector expressing CFA/I fimbriae, In some cmbodiments, the anti-inflamamatory

cytokines are IL-10 or TGF-J.

{876} In soroe embodiments, a sabject treated with the fanght compositions according to the

present methods will produce minimal anti-CFA/T fimbriac antibodies.

{8771 In particular embodiments, the amount of anti-CFA/T fimbriae antibodies produced in a
subject treated with the taught compositions 1s at least 50%, at least 60%, at least 70%, at lcast
80%, at least 80%, at least 959, at least 99%, or at least 100% lower than the amount of anii-
CFA/T fimbriae antibodies that would be produced in the same subject if that subject was

admimustered a Salmonella vector expressing CFA/T fimbriac.

{078] Also tanght hercin are methods for producing a composition for the treatment of an
autoiramunce or inflammatory discase, comprising: introdocing a nucleotide sequence coding for
enterotoxigenic Escherichia coli colonization factor antigen 1 fimbriae into a recipient Gram-
positive bacterial cell, ez, a lactic acid bacterial cell, and cultiring the recipient bacterial cell
under conditions which allow for expression of the enterotoxigenic Escherichia coli colonization

factor antigen I fimbriac.

{0791 The methods may further comprise packaging the recombinant bacterial celis with any

pharmaceutically acceptable carrier, buffer, excipient, adpivant, or mixture thereof,
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{088} The methods may further comprise packaging the recombinant bacterial celis with any

foodstuff, such as a: beverage, dairy product, yogurt, fermented food, or the like.

{081} The methods may further comprise packaging the recombinant bacterial cclls with a food
supplement, such as a: powdered composition, cncapsulated composition, or any liguid

formulation.

{082} The recombinant bacterial cells taught hercin may be live upon administration or may not.
Further, the therapeutic compositions disclosed herein may comprise mixtures of both live and
non-living recombinant bacterial cells.

BRIEF DESCRIPTION OF THE DRAWINGS

{083} FIG. 1 illustrates an engincered pBzMMIS3 operon that was modified from the native
enterotoxigenic Escherichia coli colonization factor antigen I operon, iie. ¢fel operon. The figure
demonstrates that the native gene sequence of ¢faA, cfaB, ¢faC, ¢faE has been engincered to
instead comprise ¢faB, cfaA, ¢faC, cfak. Furthermore, the figure illustrates the placement of the:
Wisin, P170, and CPZ5 promoters, as well as the in-frame replacement of the native signal
sequences with usp45, Exp4, lac, and priP signal sequences, along with the three Shine-Dalgamo
sequences. The Shine-Dalgarno sequences are devoted “SD.” The engincered operon is

contained in SEQ 1D NO: 1.

{084} FIG. 2 illustrates an engincered recombinant plasmid construct according to the present

disclosure.

1085] FIG. 3 illustrates the imumunotherapeutic potential for Laciococcus-CFA/, by identifying
three clones thru Western blot analysis, These three clones were found to express similar, or

more abundant, fimbriae than £, cofi-CFA/I strain H695.

[086] FIG. 4 illustrates that groups of B6 mice (n=5/group} were induced with CIA by being

challenged with chick CH 1o complete Freund’s adjuvant on day 0, and 18 days later at disease

onset, mice were orally dosed with 5x10" CFUs of (1) L. lactis vector (i.e. plasmid without

enginecred cfal operon, depicted by open circles), (2} or with L. lactis-CFA/T (i.e. plasmid with

engineered ¢fal operon, depicted by filled triangles), {3) or with PBS (depicted by filled circles).

A second dose of the aforementioned was given 1 week later. The dosings are depicted by black
i4
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downward arrows. As illustrated in the figure, all L. Jactis-CFA/1 mice were completely
protected; unlike L. lactis vector mice and PBS mice. The protection afforded by L. lacris-CFA/
mice is ovidenced by the average clinical score measure on the left side of the left panel and the
incidence of arthritis measure on the et side of the right panel.

{087} FIG. 5 illustrates a histological stain of treated mice tissuc that shows L. lactis-CFA/
mice did not present evidence of clinical discase, Hematoxyhin and cosin stain (H&E) are in the
left column and toluidine blue stain is in the right colummn. The stainings were performed on joint
sections from treated mice used in the experiment itlustrated in FIG. 4. The L. laciis-CFA/T mice
showed no damage to cartilage, and L. lacris vector mice showed similar pathology as PBS-

treated mice {(data not shown for L. lactis vector mice).

[088] FIG. 6 dlustrates that L. lactis-CFA/L indoces TL-10 and TGP-B, while dampening
proinflammatory cytokines. Peripheral lymph node (PLN) CD4" T cells isolated from collagen-
induced arthritis (CIA) muce treated with PBS, L. Jaciis vector, or L. lactis-CFA/Y (from FIG. 4)
were co-cultured with irradiated antigen-presenting cells (APCs) and stimulated with collagen I
(CID) for 4 days. Supernatants were analyzed for (A) TFN-y, (B) TNF-q, (C) IL-17, (D) H.-16,
and (F) TGF-{ production. *P < 0.001, **P < 0.005, ***P < 0.05 versus PBS treated mice; "P <
0.015 versus L. lactis-CFA/L.

[088] FIG. 7 llustrates that 7. lactis-CFA/T does not induce anti-CFA/T fimbriae Abs. Mice
dosed twice, as deseribed in FIG. 4, with L. factis vector or L. luctis-CFA/L, as illustrated in
panel (A}, did not elicit serum tg(, IgGl, 1gG2a, or IgG2b Ab titers to CFA/I fimbriae. This is in
stark contrast to the data tlustrated in panel (B), demonstrating Salmonella vector and
Salmonella-CFA/, which did chicit significant anti-CFA/I fimbriae Abs. The data presented in
this figure suggests that L. foctis~-CFA/T does not stimulate Abs to fimbrial antigens and may

allow repeated dosing,

{098} FIG. & illustrates that L. Jacris-CFA/T confers protection against experimental autoimmune
encephalomyelitis {(EAE). CS7TBL/6 mice were induced with EAE on day ¢ and treated orally
with 5x10° CFUs of: L. lactis vector, L. lactis-CFA/L, or with PBS on day 6 post-challenge.

Clinical scores were monitored until day 16,



WO 2014/047625 PCT/US2013/061393

{091} FIG. 9 illustrates an electron microscopy image of Lactococcus bacteria. Immunogold
statning of Lactococcus lactis without the pBzMMI153 operon of FEG. 1 is depicted in pancl A,
Immunogold staining of Laciococcus lactis containing the pBzMMI153 opcron of FIG. 1 is
depicted in pancl B. The Lactococei were stained with rabbit anti-CFA/] fimbriac antibody plus
gold-labeled anti-rabbit IgG. The black arrows indicate labeled fimbriac and the sold black line

at the bottom of the micrographs represents 8.5 pM.

1092] FEG. 10 illustrates that L. lectis-CFA/I fimbriae stinwlate huroan T, cell induction.
Isolated normal human dentritic cells (DCs) stimulated with L. lactis-CFA/T overnight and
cultured for 4 days with autologous purified CD4" T cells stimulated with anti-CD3 mAb +
CFA/ showed 2.6-fold increase in T cells and a third of these were IL-10"; *P = 0.002 vs.
media.

SEQUENCES OF THE INVENTION

Sequence listings for SEQ 1D Nos: 1-12 are part of this application and are incorporated by
reference herein. A CRF copy of the sequence listing is submitted concurrently herewith.
DETAILED DESCRIPTION

{693} Detailed descriptions of one or more prefoerred embodiments are provided herein, 1t is to
be understood, however, that the present disclosure may be cmbodied in various forms.
Therefore, specific details disclosed hercin are not to be interpreted as limuting, but rather as a
basis for the claims and as a representative basis for teaching one skilled in the art to employ the
present disclosure in any appropriate manner.

{094} The following description includes information that may be useful in understanding the
present disclosure. It 18 not an admission that any of the information provided herein is prior art,
or that any publication specifically or implicitly referenced is prior art,

[895] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs.

Definttions
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1896} As used herein, the use of the word “a” “an” or “the” can mean onc or more than one.

{997} Nuombers and numerical ranges recited herein are to be understood to be modificd by the

term “about” as would be understood by one of ordinary skill in the art,

{098] As used herein, the term “adjuvant” refers to a substance sometimes included in a vaccine
or therapeutic formulation to cnhance or modify the immune-stimulating properties of the

vaceine or therapeutic formulation,

{099} As usced herein, the term “antigen” refers to a substance that triggers an immunc system
response, resulting in production of an antibody specific for the antigen. Thus, an antigen is g

substance that binds specifically to a respective antibody.

{0100] As uscd herein, the term “operon” refers to a cluster or series of adjacent structural genes
that arc transcribed as a unit into a single mRNA molecule. The cluster or series of adjacent
structural genes can be under the control of a single promoter and also under the control of a

composite tandem promoter,

{0101} As used hercin, the torm “autoimmunce discase” refers to a physiological condition in g
subject that is resultant from the subject’s own body producing an inappropriate immunc

response that targets and damages the subject’s own cells.

{8102} As used herein, the term “inflaramatory discase” encompasses any discase or condition
characterized by inflammation. Inflammation is a basic physiclogical response to a varicty of
external or internal insulfs, such as infectious agents, physical injury, hypoxia, or disecase
processes. Therefore, diseases or conditions falling within “inflammatory disease” do not have to
share a common genetic or physiological basis, so long as the disease or condition resulis n

inflammation,

[8103] As used herein, the term “recombinant bacteria” refers to bacteria that have been
genetically modified from thew native state. For instance, recombinant bacteria may have
nucleotide  insertions, nucleotide deletions, nuclectide rearrangements, and  nucleotide
modifications introduced into the bacterial DNA. Farther, recombinant bacteria may comprise
exogenous nucleotide sequences on plasmids or exogenous nucleotide sequences stably
incorporated into the chromosomal DNA.
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{0104} As used hercin, and in light of the provious definition, the term “recombinant lactic acid
bacterial cell” refers to lactic acid bacterial cells that have been genctically modified from their
native state. In some aspects of the disclosure, for example, a “recombinant lactic acid bacterial

cell” compriscs exogenous nucleotide sequences from Gram-negative bacteria.

[0105] As used herein, the torm “probictic microorganism”™ is a microorganism which has a
beneficial offect on a host’s intestinal microflora ecology, presumably by promoting the growth
of so-called “good” microorganisms, inhibiting the growth of so-called “bad” microorganisms,
or by performing metabolic activities that are beneficial to the host. In particular erobodiments
herein, the disclosed recombinant bacteria perform metabolic functions that arve beneficial to a
host. In certain embodiments, the recombinant bacteria are lactic acid bacteria, a conumon

probiotic bacterial clade.
Arming the Mucosa with Recombinant Lacfoceccus lactis expressing ETEC CFA/ fimbriae

[0186] A potential method that has been proposed to treat autormmune and inflammatory
discases, such as RA, is the delivery of enterotoxigenic Escherichia coli (ETEC) colonization
factor antigen I (CFA/T) firobriae vie live atienuated Salmonella vectors, (See, e.g., Kochetkova,

2008).

{0187] However, despite the possibility of utilizing attenuated Salmonella to deliver CFA/R
fimbriac to induce anti-inflanvvatory nunune responses in an individual, there remain

significant drawbacks to this technology.

{0108} For instance, Salmonella s a Gram-negative bacterial species, which means that the
bacterium’s cell wall will invariably be associated with the endotoxic lipopolysaccharide

complex {LPS) associated with the outer membrane of Gram-negative bacienia,

[8189] LPS, also known as lipoglvcans, are large mwolecoles consisting of a lipid and
polysaccharide joined by a covalent bond and are found in the outer membrane of Gram-negative
bacteria. LPS act as endotoxins and elicit strong inunune responses 1n animals, In humans, LPS
triggers an inpate immune response characterized by cytokine production and immune system
activation. Inflammation is a common result of evtokine production, which can also produce host
toxicity.
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{0110} Consequently, any therapeutic effects associated with the utilization of a Gram-negative
bacterinm, such as Safmonella, as a delivery vector for anti-inflammatory discase treatment will
iikely be counterbalanced by the cnsuing tmmunc response and associated inflammation

resulting from the presence of LPS in these bacterial vectors,

{8111} A second concern with the utilization of Salmonella based delivery vectors concerns the
inherent potential of these delivery systems to revert back to a virplent state. A possible solution
to this concern involves introducing multiple virulence atienuating mutations into the bacterial
vector. However, these mutations should be capable of attenuation independently. This possible
solution adds increased complexity and cost to developing effective aticnuated Salmonella

delivery vectors.

{0112} Another risk with using pathogenic bacteria as vaccine vectors is complications that can
arise due to pre-existing immunity, Prior exposure to the bacterial vector has been demonstrated
to decrease cfficacy of the vaccine, (Attridge, 1997). Attridge reported that the effectivencss of
utilizing attenuated Salmonella to deliver £, coli fimbrial proteins to the gut-associated lymphoid
tissue of mice “were dramatically impaired” in recipients “with pre-existing imyounity to the

vector strain.” &d. at Abstract.

{8113} Furthermore, there is a risk with attenuated Salmonella based vector systems that the
bacteriom may casily transfer genetic material to other Gram-negative bacteria resident in the
treated host. Scholars have warned that bacterial based vector systems “[elspecially bacteria
carrving recombinant plasmids” face an increased risk of “the probabiiity of horizontal gene
transfer to other bacteria present” in the host. (Detmer, 20063,

{#114] This horizontal gene transfer i1s especially problematic when considering the possibility
of an attenuated Safmorellic strain horizontally transferring genctic information to native
Safmonella or other Gram-negative strains present in the recipient.

{0115] Thus, there is an wrgent need in the art for the development of safer bacterial based
therapeutics and vaccines that are not reliant upon attenuvated invasive bacterial strains and

therefore do not suffer from the aforementioned drawbacks.
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[8116] With respect to bacterial based cxpression vectors, such as the Safmonefla vectors
cxpressing CFA/T fimbriae, there 15 a complete dearth of development in the arca of cxpressing

CFA/I fimbriac in Gram-positive bacterial delivery systoms.

{8117} The development of a Gram-positive bacterial vector therapeutic for the cxpression of

CFA/I fimbriac would not suffer from the drawbacks present in the art,

{0118 Specifically, the development of a Gram-positive delivery system for CFA/T fimbriac, in
a bacterial specics that has been accorded a Generally Recognized as Safe (GRAS) status, would
offer consumers suffering from autoimmune and inflammatory discase a superior alternative to

the present bacterial delivery systems expressing CFA/E fimbriac in attenuated Salmonella.

{0119] Most mammalian pathogens invade the host through a mucosal surface, thus arming the

nmucosa will ultimately prevent pathogens from inttiating infection.

{0120} Mucosal immunity is accomplished by facilitating vaccine uptake to mucosal inductive
tissues. At the inductive sites, forcign proteins or materials referred to as antigens, are sampled
and used to trigger a host immune response. Mucosal inductive sites are present in the gut known
as Peyer’s patches, and in the upper respiratory tract referred to as nasal-associated lyrophoid

tissues {NALT) or in humans, referred to as Waldever’s ring (tonsils and adenoids).

{0121} Once antigens arc sampled and processed, they will induce memory lymphooyte
responses i mucosal effector tissues, which are the varions mucosal surfaces of the gut,
respiratory tract, and genttourinary tract. These mucosal effector sites contain memory B and T
iymphocytes, antigen presenting cells (APCs), as well as a plethora of other cell types with
different functions in the mucosal network that sltimately determunes the outcorne of the tmyoune

rosponse.

[0122] Without wishing to be bound to a particular theory, the present inventors hypothesize
that some, but not all, of the molecules that pathogens use to dock to target cells may at the same

time down-regulate the iomune system.

[0133] In the present disclosure, the inventors have shown that the hypothesis is not only

correct, but that when applied appropriately can lead to the development of novel therapeutic
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compositions that are uscful for the treatment of autoimmunce disorders and inflammatory

disease.

{8124} As will be detailed below, the inventors have developed a recombinant Lactococcus
{actis expressing ETEC CFA/T fimbriac, that when orally delivered to mice, is able to provent the

symptoms and to block the progression of collagen-induced arthritis (CEA).

{0125] CIA s a model of rheumatoid arthritis and therefore implicates the ability of the
recormnbinant bacteria taught herein to be an effective treatment for this highly pervasive

autoimmune disease.

{0126} Further, the inventors have developed a recombinant Laciococcus lactis expressing
ETEC CFA/I fimbriae, that when orally delivered to mice, is able to prevent the symptoms and

to block the progression of cxperimental sutoimmune encephalomyclitis (EAE).

{0127} EAE is a model for multiple sclerosis and thercfore implicates the ability of the

recombinant bacteria taught herein to be an effective treatment for this autoimmune discase.

{0128] Thus, the present inventors have illustrated that the recombinant Lactococcus lactis
expressing ETEC CFA/ fimbriae have strong potential to act as multi-purpose modulators of

pathological immune responsc in absence of an auntoantigen.

{0129} These discoverics have profound implications for the trcatment and prevention of

autoimmunc discascs hike rheumatoid arthritis and other inflammmatory discases.
Lactic Acid Bacteria

{01306} Presently, the only recognized bacterial delivery systems for ETEC CFA/I fimbriac are
based upon Gram-negative bacteria. Specifically, the Salmonella based vector systerm and iis

drawbacks have been discussed.

{0131} The disclosure herein represents a departure from the cxpectations of the art, by
surprisingly showing for the first time, that ETEC CFA/I fimbriac can be successfully expressed
in a (Qram-positive bacterial vector system. That is, the disclosure presents a lactic acid

bacteriom, Lactococcus lactis, which comprises an engineered plasmud containing a nucleotide
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sequence coding for ETEC CFA/T fimbriac. The nucleotide scquence is shown to be expressed in

the Laciococcus lactis system.
Lactic Acid Bacteria Classification

{#132] The lactic acid bacteria comprise a clade of Gram-positive bacteria associated by their
common metabolic and physiological characteristics. For instance, these bacteria have low-GC,
arc acid-tolerant, arc generally non-sporulating and non-respiring, rod-shaped bacilli or cocct
phenotypes. As their name implics, lactic acid bacteria produce lactic acid as the major metabolic

end-product of carbohydrate fermentation.

{0133} The order Lactobaciliales comprises the lactic acid bacteria. Familics present in the
Lactobaciliales include: Aerococcaceae, Carnobacteriaceae, Enterococcaceae,
Laciobacillaceae, Leuconostocaceae, and Sireptococcaceae. A represeniative  genus  of

Streprococcaceae 18 Lactococeus. A representative species of Lactococcus 18 Lactococcus lactis.

{8134} The aforcmentioned is not an cxhaustive list of the members of the lactic acid bacteria,
but is merely illustrative of the structuring of the group. Onc of skill in the art would be able to

ascertain the members of the factic acid bacteria,

{#135] The present disclosure utilizes Lactococcus bacteria in the exemplary embodiments, but
it would be within the skill of onc in the art to utilize the taught methods for expression of ETEC
CFA/Y fimbriae in other lactic acid bacteria. For example, the disclosed promoter sequences
along with the taught signal sequence coding regions {encoding the signal sequence peptides) are
enginecred for lactic acid bacteria and would be usehul for deployment in other lactic acid

bacterial species.

[0136] For example, as taught herein, the native order of structoral genes present in the cfal
operon has been altered from cfa A, ofaB, ¢faC, and ¢fal to the engineered order of ¢faB, cfaA,
cfaC, and ¢faE. This structural rearrangement of operon genes is expected to be expressible in

other lactic acid bacienia.

[8137] Onc of skill in the art would be able o utilize the disclosed methods {0 insert the
engincered ¢faB, cfad, ofaC, and cfaE structural gene sequence, with appropriate signal
sequence coding regions for the particular lactic acid bacterial recipient, mto a recipient lactic

ple]
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acid bacterial cell and obtain expression of CFA/] fimbriac. The ascertainment of the appropriate
signal sequence coding regions would be ascertainable based upon the particular lactic acid
bacterial species that would be receiving the engincered ¢fuB, cfaA, ¢faC, and ¢fgE structural

genge seguence.
Lactic Acid Bacteria Benefits

{#138] There are several benefits to utilizing lactic acid bacteria to host and deliver the ETEC

CFA/I fumbriae.

{0139 First, lactic acid bacteria do not present lipopolysaccharide complex (LPS) that is

associated with the outer membrane of the Salmornella based vector.

{0140] Sccond, lactic acid bacteria do not present a problem with reversion to a virulent state,
becausce lactic acid bacteria have a Generally Recognized as Safc (GRAS) status. GRAS status is
a Food and Drug Administration designation that a chemical or substance added to food is
considered safc by cxperts, and thus is cxempted from the usual Federal Food, Drug, and

Cosmetic Act food additive tolerance requirements.

{0141} Third, there 15 an insignificant risk of horizontal genc transfer to other invasive bacteria

as would be more prevalent with a Gram-negative Safmonella vecior.

{0142} Furthcrmore, the taught lactic acid bacteria vectors offer several distinet advantages over

a Sulmonelia vector.

{0143} For instance, lactic acid bacteria have a long history of beneficial association with human
intestinal microflora. Thus, the use of lactic acid bacteria offer the opportunity to create
synergistic effects between recombinant lactic acid bacteria expressing ETEC CFA/T fimbriac

and other resident intestinal microbial flora.

[0144] Cousider that probiotics are products aimed at delivering living, potentially beneficial,
bacterial cells to the intestinal ccosystem of hurnans and other amimals. Strains of lactic acid
bacteria are the most common microbes eraployed as probiotics. (Sonomoto, 2011} This

presents the opportunity to utilize the taught lactic acid bacteria expressing ETEC CFA/L
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fimbriac in compositions that also comprisce probiotic hacterial strains such as those from the

genus Lactobacillus and Bifidobacterium.

[0145] As will be tlustrated in the disclosed Examples, the present recombinant Lactococcus
lactis strains expressing ETEC CFA/T fimbriac also demonstrate increased potency, as compared

to the effects observed with Salmonella based delivery systems.

{#146] Therefore, the taught recombinant lactic acid bacterial vector sysiem demonstrates
uncxpectedly superior propertics, as compared to the previous Salmoenella based delivery system.
One notable property that will be claborated upon in the Examples is the fact that the Salmoneila
bascd delivery system clicits a tremendous anti-CFA/I fimbriae immune response, as compared
to the negligible immune response of the taught recombinant lactic acid bacterial system. These
results suggest that the taught recombinant lactic acid bacteria expressing CFA/T fimobriac can be

admimustered multiple times.
Enterotoxigenic Escherichic cofi Colonization Factor Antigen | Fimbriae

10147] Enterotoxigenic Escherichia coli (ETEC) usc surface fimbriac {(alternatively called pili)
to attach fo host tissues, an carly and vital step in pathogenesis. (Qadri, 2005). At least 22
different types of antigenically distinet {fimbrial CFAs have been identified among ETEC strains.
Oue of the most commonly wdentified antigenic types identified in huroans is colonization factor
antigen 1 (CFA/T} firobriae, which represent the archetype of class 5 fimbriae, the largest class of
human-specific ETEC colonization factors. (Low, 1996). A 4-gene operon for fimbriac-related

proteins is shared by all class 3 fimbriac. (Soto, 19993,

{0148} CFA/ fimbriae are under the control of an off-site positive regulator, ¢faR, and are
encoded by an operon containing 4 structural genes, ofaA, ofaB, ¢faC, ¢fal. It has been shown
that expression of CFA/T fimbriac can be achieved in the absence of the ¢faR positive regulator.
(W, 19953,

[0149] The sequence of the native ¢fal operon can be found at GenBank Accession No.
M55661, which is hereby incorporated by reference in its entirety for all purposes.

[0180] faB encodes for the most abundant or major subunit of the fimbriae. ¢faA encodes for a

chaperone that plays a roajor role in the proper folding and assembling of the fimbriae. cfaC
24
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encodes for an usher protein, but it is also required for subsequent interaction for assembly of the

fimbriac on the outer membrane surface. Finally, cfaE encodes for the tip-residing minor subunit.

{0151} Recent work has indicated that the protein encoded for by ¢fgE is the critical binding

profein acting as an adhesin. {Baker, 2009},

[0152] Maturc CFA/I fimbriae arc a polymer typically consisting of >1000 copics of the major

subunit CfaB, and 1 or a fow copies of the adhesin CiaE,

[0153] As CfaE s present on CFA/I fimbriae at very low copy numbers, it is not detected in
Western blots using antifimbriac antibody. (Sakellaris, 1996). Instcad, the CfaB subunit is the
predominant protein observed in Western blots and is used as a marker for translation of CFA/T

operon proteins in general, in this case as a proxy for expression of CfaE,
Fxpression of Enterotoxigenic £, cofi CFA/E Fimbriae in Gram-positive Bacteria

{0154] The present disclosure tcaches that Gram-positive bacteria cxpressing ETEC CFA/
fimbriac arc therapeutically effective at freating or preventing autoimmune and/or inflammatory

disease,

[0155] The method of cxpressing ETEC CFA/I fimbriac in Gram-positive bactcria may
comprise inserting a plasmid carrying an engincered ¢fal operon into a recipient Gram-positive

bacterial host.

{0156] Further, in some cmbodiments, the method of cxpressing ETEC CFA/I fimbriac in
Gram-positive bacteria may comprise stably integrating an engincered ¢fal operon into the

chromosome of a recipient Gram-positive bacterial host.

[0157] The term “plasmid” is used to refer to a molecule capable of autonomous replication that
is suttable for transformation of a recipient bacterial strain and contains DNA scquences that
direct and/or control the expression of inserted heterologous DNA sequences. Various types of
plasmids may be used such as low and high copy number plasmids, narrow and broad-host range

plasmids, expression plasmids, and cosmids.

{0158 In order to prevent loss of the plasnud expressing the heterologous CFA/, an clement

may be added to the plasmid which enhances s stability. It is generally the case that the
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plasmids found in ETEC strains cncoding the various colonization factor antigens arc low copy
number and stable enough to ensure their maintenance over many gencrations in the absence of
specific sclection mechanisms. However, following manipulation of these plasmids, these stable
propertics might be impaired. This problem may be alleviated by cmploying mcthods for

improvement of plasmid stability, as would be known to those in the art,

{#159] In gencral, heterologous gene expression 18 achieved by cloning of the heterologous
genes into the previously discussed plasmids, which are replicated within the recipient m
multiple copies thus leading to high expression of foreign gene product. Expression of the taught
heterologous sequences encoding £, cofi CFA/T fimbriac are achievable by application of known
genetic engineering technigues such as those described m, e.g. Sambrook and Russell (2001)
“Molecular Cloning: A Laboratory Manual (3rd edition), Cold Spring Harbor Laboratory, Cold
Spring Harbor Laboratory Press, New York, the entive contents of which are hereby incorporated
by reference in their entivety for all purposes. As aforementioned, it has been demonstrated i the
art that ETEC CFA/1 fimbriae may be expressed in Gramencgative bacteria. For example, UK,
Pat. No. 7,759,106 and U.S. Pat. No. 7,943,122, the contents of gach of which are hereby
incorporated by reference, teach expression of ETEC CFA/ fimbriae in attenuvated Gram-

negative bacterial strains.,

{0160] The disclosed enginecred DNA construct, ie. ¢fed operon, comprising 8 promoter
operably linked to DNA encoding the heterologous CFA/L fimbriac may be made and
transformed into the Gram-positive bacteria using conventional techniques. Transformants
containing the DNA construct may be selected, for example, by screening for a sclectable marker
on the construct. Bacteria containing the construct may be grown in vifre before being
formulated for administration to the host. Selectable markers suitable for the taught recombinant
bacteria would be known to those of skill in the art.

{0161} The recombinant bacteria taught herein may comprise nucleotide sequences encoding
CFA/T fimbriae that have been codon optimized. “Codon optimization” is defined as modifying a
nucleic acid scquence for cnhanced cxpression in the cells of the host bacterial species of

interest, e.g. Gram-positive bacteria, by replacing at lcast one, more than one, or a significant
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number of codons of the native ETEC CFA/1 fimbriac scquence with codons that arc more

frequently or most frequently used in the genes of the recipient Gram-positive bacteria.

{0162} Various bacterial species exhibit particular bias for certain codons of a particular amino
acid and thus codon optimization can cnsurc optimal expression of the ETEC CFA/I fimbriac in
the recipient bacterial host cell being transformed. Codon preference or codon bias, is afforded
by degeneracy of the genctic code, and is well documented among many organisms. Codon bias
often correlates with the efficiency of translation of messenger RNA (mRNA), which is in tumn
believed to be dependent on, infer alia, the propertics of the codons being translated and the
avatlability of particolar transfor RNA (1RNA) molecules. The predominance of selected tRNAs
in a cell is generally a reflection of the codons used most frequently in peptide synthesis,
Accordingly, the presently disclosed cfa A, cfaB, ¢faC, and ¢faE genes can be tailored for optimal

gene expression in a given Graro-positive bacteria based on codon optimization,
Composition Formulation

{0163] The compositions presented herein are suitable for combination with any known

pharmaceutically acceptable carricr, buffer, excipient, adjuvant, or muxture thereof.

{0164] Pharmaccutically acceptable carriers are well known and are usually liquids, in which an
active therapentic agent 5 formulated. In the present case, the active therapeutic agent is the
disclosed recombinant bacteria expressing CFA/1 fimbriae. The carvier gencrally does not
provide any pharmacological activity to the formulation, though it may provide chemical and/or
biological stability, release characteristics, and the hike. Exeroplary formulations can be found,
for example, in Alfonso R. Gennare. Remington: The Science and Practice of Pharmacy, 20th
Edition. Baltimore, MD: Lippincott Williams & Wilkins, 2000, the entire contents of which are
hereby incorporated by reference, and nclude, but are not limited to, saline, water, buffered

water, dextrose and the like.
{0165] The compositions presented herein may in some embodiments be placed within
foodstuffs, such as: beverages, dairy products, yogurts, fermented food products, and the like, as

feasible and consumer friendly delivery vehicles.
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{0166} The compositions taught herein may also be delivered in food supplements, such as;
powdered compositions comprising the taught recombinant bacterial cells, cncapsulated
compositions comprising the taught recombinant bacterial cells, or any liquid formulation

comprising the taught recombinant bacterial celis.

{0167} The compositions may comprise other therapeutically effective agents such as anti-

inflamnmatory cytokines.

{8168} The compositions may comprisc other bacterial specics, such as those bacterial species
commonly referred to as ““probiotics.” Furthermore, “prebictics” may alsoe be present in the

taught compositions.

{0169] Probiotics arc often defined as live microorganisms that when administered in adequate
amounts confer health benefits to the host. The compositions of the present disclosure may
comprise probiotic microorganisms in an amount sufficient fo at least partially produce a health

benefit.

{0170] Prcbiotics arc often defined as food substances that promote the growth of probiotics in
the intestines. They are not broken down in the stomach and/or upper intestine or absorbed n the
(I tract of the person ingesting them, but they are fermented by the gastrointestinal microflora
and/or by probiotics. The prebiotics that roay be used in accordance with the present disclosure
are not particularly himited and include all food substances that promote the growth of probiotics

in the inlestines,

[0171] Thus, disclosed herein are probiotic compositions comprising recombinant lactic acid
bacteria expressing ETEC CFA/I fimbriac. In certain aspects, the taught probiotic compositions
sapport a healthy immune system. The taught probiotic compositions may also be used to

supplement an individual’s normal dictary regime.

{8172} Furthermoore, in certain embodiments, the present disclosure teaches dietary supplements
that comprise recorobinant bacteria comprising nucleotide sequences encoding ETEC CFAA
fimbriag. In particular embodiments, the recombinant bacteria expresses the ETEC CFA/JL
fimbriac. In certain aspects, the taught dictary supplements support a healthy immune system.

The dietary supplements may also be used to supplement an individual’s normal dietary regime.
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{0173} The present disclosure also teaches food additive compositions comprising recombinant
bacteria comprising nucleotide sequences cncoding ETEC CFA/D fimbriae. In particular

embodiments, the recombinant Gram-positive bacteria expresses the ETEC CFA/T fimbriac,
{0174} In certain aspects, the taught food additives support a healthy immune system.

{8175} The taught food additive compositions of the disclosure may be directly ingested or used
as an additive in conjunction with foods.

{0176} It will be appreciated that the disclosed food additives may be incorporated into a varicty
of foods and beverages including, but not limited to: yvogurt, ice cream, cheese, baked products
such as bread, biscuits and cakes, dairy and dairy substitute foods, confectionery products, edible

oil compaositions, spreads, breakfast cercals, juices and the like.
Routes of Administration

{0177} The taught compositions may be used for parcnteral administration, such as

subcutancous, intradermal, intramuscular, and intraperitoneal.
[6178] Particular embodiments of administration include oral administration.
{8179} Further embodiments include nasal delivery,

{018¢] In some oral admimistration embodiments, the compositions comprise the disclosed
recombinant bacteria expressing ETEC CFA/I fimbriac and optionally other molecules that arc
dissolved or suspended in a pharmaccutically acceptable, preferably an agqueous carrier. In
addition, the composition may contain cXcipients, such as buffers, binding agents, diluents,

flavors, lubricants, ctc.
(Quantitative Administration

{0181} The compositions taught hercin may comprisc varying amounts of the recombinant
bacteria expressing ETEC CFA/I fimbriae. The particular amount of therapeutic bacterial vector
present in the composition may depend upon the discase being treated and/or the subject being

administered the therapeutic composition.

{0182} For instance, factors such as age, gender, cthnicity, genctic disposition to discase, health,

weight, cte. may govern the amount of recombinant bacteria present in a composition.
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{0183} The type of discase or condition being treated may also be taken into consideration when
determining the optimal amount of reccombinant bacterial vector that should be in a given
composition.

{0184] In some cmbodiments, a particular amount of the disclosed therapeutic composition
comprising recombinant bacterial cells cxpressing ETEC CFA/ fimbriac 1s defined as “a
therapeutically effective amount” or “therapeutically effective dose.” This amount represents g
quantity of the disclosed compositions that is capable of eliciting an immune response in the
recipient. For example, a “therapeutically effective dose” may be capable of increasing the level
of an anti-inflammatory cytokine in the recipicnt. Furthermore, a “therapeutically effective does”

may be able to suppress the level of an inflammatory cytokine in the recipient.

{0185} To some particular embodiments, a “therapeutically effective dose” inereases the level of
a regulatory cytokine selected from IL-10 or TGF-f in a subject upon administration of the
taught composition, as compared to the level of the regulatory cytokine TL~-10 or TGF-P present
in the subject before administration of the taught composition.

k

[0186] Tv other embodiments, a “therapeutically effective dose”™ suppresses the level of at least

~
/
;

one cytokine selected from the group consisting of IFN-y, TNF-g, and TL-17 upon admimustration
of the taught composition, as compared to the level of at least one of the cyiokines selected from
the group consisting of ITFN~y, TNF-g, and IL-17 present in the subject before administration of

the taught composition.

[6187] Compositions of the present disclosure may comprise: 1x10° CFU, 2x16° CFU, 3x10°
CFU, 4x10° CFU, 5x10° CFU, 6x10° CFU, 7x10° CFU, 8x10° CFUs, 9x10° CFU, 10x10° CFU,
1x10° CFU, 12510° CFU, 13x10° CFU, 14x10° CFU, 15x10° CFU, 16x10° CFU, 17x19° CFU,
18x10° CFUs, 19x10° CFU, 20x10° CFU, 30x 10" CFU, 40x10° CFU, 50x10° CFU, or more of the

recombinant bacteria expressing CFA/I fimbriac,

{0188] Further, the compostitions may comprise any range of CFU that is achievable based upon
the aforementioned individual concentrations. For example, the compositions may comprise

from 1x10° CFU to 30x10° CFU per treatment.
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{0189} Further, the compositions may comprisc ranges of 1 x 10%t0 1 x 10" CFU, or 1 x 10%t0
2x 10 CFU, or 1 x 10%410 3 x 10" CFU, or 1 x 10%t0 4 x 10" CFU, or | x 10°t0 5 x 10" CFU,
or 1 x 10%0 6 x 10" CFU, or 1 x 10%40 7 x 10" CFU, or 1 x 10%t0 8 x 10" CFU, or 1 x 10%t0 9
x 10" CFU, or 1 x 10%t0 10 x 10'° CFU.

16190} The compositions may comprise at least 1x10° CFU, or at least 2x10° CFU, or at least
3x10° CFU, or at least 4x10¥ CFU, or at least 5x10° CFU, or at least 6x10° CFU, or at least 7x10°
CFU, or at least 8x10° CFUs, or at least 9x10° CFU, or at least 10x10° CFU, or at least 11x10°
CFU, or at least 12x10° CFU, or at least 13x10° CFU, or at least 141 0% CFU, or at least 15x10°
CFU, or at least 16x10° CFU, or at least 17x10° CFU, or at least 18510° CFUs, or at least 19x10°
CFU, or at least 20x10° CFU, or at least 30x10° CFU, or at least 401 0% CFU, or at least 50x10°
CFU.,

[8191] In a particular embodiment, the composition comprises approximately 5x10° CFU.

{8192} In some embodiments, the compositions comprise from 1 x 10%0 10 x 10'° CFU. or | x

10°t0 5% 10" CFUL

{0193} The compositions may be admunistered once a day, twice a day, three times a day, foor
times a day, or five times a day to a subject in need of such freatment.

[0194] The compositions may also be adnmunistered at least once a day, at least twice a day, at
icast three times a day, at least four times a day, or at least five times a day.

[8195] Furthermore, the compositions may be administered on an as needed basis based upon a
sabject’s physiological symptoms, such as pain, swelling, uritation or discomfort.

[0196] Some embodiments comprise administering the taught compositions comprising the
recombinant bacteria on a prophylactic bases to a subject that does not presently experience

physiological symptoms associated with an autoimmune or inflammatory disease.

[0197] In particular embodiments, the compositions may be taken daily as part of a food product

delivery vehicle, e.g. vogurt, as part of a daily health regimen.

Coliagen Induced Arthritis (CIA) Model
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{8198} Collagen induced arthritis {CIA), a model of rheumatoid arthritis (RA}, can be induced
upon immunization with heterologous collagen H (Cl) in DBA/1 or C57BL/6 mice or by mAbs
to CH combined with LPS. CIA shares with RA scveral critical characteristics of the discase
pathogenesis, including CD4" T cells’ mediated inflammation and extensive cartilage and bone
damage, resulting in joint deformities. This similarity permits the use of the CIA model as an
investigative tool to test novel approaches for prevention and freatroent of RA. (Courtenay, 1980;

Terato, 1992; Terato 1995).
Experimental Antoimmune Encephalomyelitis

{0199} Experimental autoimmune encephalomyelitis (EAE)Y is the most commonly used
experimental model for the human inflamuoatory demyelinating disease, multiple sclerosis (MS).
EAE is a complex condition 1n which the interaction between a variety of immunopathological
and neuropathological mechanisms leads to an approximation of the key pathological features of
MS: inflammation, demyelination, axonal loss and gliosis. The counter-regulatory mechanisms
of resolution of inflammation and remyelination also occur 1o EAE, which, therefore can also
serve as a model for these processes. Moreover, EAE 15 often used as a model of cell-mediated

organ-specific autoimroune conditions in general. (Constantinescu, 2011).
Examples
R Expression of £, coli CFA/E Fimbriae in Lactecoccus for Treatment of Arthritis

{0200] Recombinant Lactococcus lactis expressing ETEC CFA/L fimbriae, when orally
delivered to mice, is able to prevent the symptoms and to block the progression of coliagen-
induced arthritis.

Construction of Lactococcus-CFA/L Veetor

{0201} Lactococcus laciis was selecied as the bacterial specices to carry the ETEC CFA/] operon.
The £, coli ¢fal operon was rebuilt to enable cxpression in the Gram-positive Lactococcus lactis

bacteria. The native cfad operon was modified in scveral ways.

18202} First, cach of the 4 structural genes of the ofal operon, i.e cfaA, ofaB, ¢faC, and cfuE,

were modified from the native gene sequence to include Gram-positive signal sequence coding
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regions. The signal sequence coding regions encode for Lactecoccus compatible signal peptides,
which are alternatively referred to as leader sequences or leader peptides. Thus, the native signal
sequence coding regions were removed and replaced with signal sequences compatible with
Lactococcus. The signal sequence uspds from Laciococcus lactis subs, cremoris was used with
cfaB. The signal sequence Expd from Lactococcus lactis subs. cremoris was used with ¢faA. The
signal sequence lac frorn Lactococcus lactis subs. cremoris was used with cfaC. The signal

sequence priP from Lactococcus lactis subs. cremons was used with ¢faE.

[0203] Sccond, the native order of the structural gencs present in the ¢fal operon—as can be
found at GenBank Accession No. M35661—was altered. The normal order of the structural
genes in the cfal operon is: ¢fad, ¢faB, ¢faC, and cfaE. However, in the present disclosure, the
inventors have engineered the structoral genes to be in the following orvder: ¢/aB, cfad, ofaCC, and

cfak.

{8284} Third, the native cfal operon was further altered by removing untransiated £ coli

SCQUETCes,

{0285] Fourth, the mtroduction of Shine-Dalgarno sequences to enable protein franslation from

the upstream promoter. The Shine-Dalgarno sequences used were AGGAGG.

[0206] The entire engineered cfaB, c¢faA, faC, and ¢faE gene sequence along with the
associated signal sequence coding regions and below discussed promoters can be found in SEQ
D NO: 1. Further, the individual structural genes with associated signal sequence coding regions
are as follows: ¢faB (SEQ 1D NO: 2), gfaA (SEQ ID NO: 3), ¢feC (SEQ ID NO: 4), and ¢faE
{(SECQ ID NO: 5). The encoded peptide sequences, corresponding to the aforementioned gene
sequences, with associated and translated peptide leader sequences are as follows: CfaB (SEQ 1D
NG: 9), ClaA (SEQ ID NO: 10}, CfaC (SEQ 1D NO: 11), and CfaE (SEQ ID NO: 123,
{82071 Fifth, the enginecred sequences ¢faB, ofaA, ¢faC, and ¢faE were placed under the contro}
of a lactic acid bacteria composite {tandem) promoter composed of nisin, P178, and P25, cach
of which has been modified from its native sequence to enhance RNA stability. The promoter
properties are as follows:

a) A nisin-inducible promoter originally resident in the pMSP3535H3 vector. This
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component, whether induced or not, was found to have no conscquence in this composite

configuration. The nisin promoter is found in SEQ 1D NO: 6.
A particular embodiment of the disclosure does not include the nisin promoter.

by The P170 is acid inducible, and has spurious ATG right after the TATA -10 box
eliminated. 6+1 basc pairs after -10 sequence modificd for optimal consensus. It is followed by
its own untranslated mRNA leader partially deleted to increase its activity, (Madsen, 1999). The

P170 promoter is found in SEQ ID NO: 7.

In g particular embodiment, the P170 promoter is coupled to the below described CP23

promoter and the previously discussed nisin-inducible promoter is not utilized.

¢} The CP2S promoter with spurious ATG in this laticr promoter has been left because of
how the promoter was designed and also because ATG is immediately followed by two framed
stop codons. {Jensen, 1998). It is followed by slpA untranslated leader sequences (UTLs), which
reportedly stabilize mRNA. (Narita, 2006). In this last section, ATGs have been left becanse of
self annecaling constraints and becausc it proved functional regardliess of the presence of spurious
ATGs. gg has been changed to create a Kpnl site that will allow removal of the untranslated

sipA leader as well as cloning the remaining promoter into the theta vector pIBIR4. The CP2S

promoter 1s found in SEQ TD NO: 8,
Experimental Protocol

[8208] To enable future human testing and transient presence, L. lactis 11403 (Lee, 2006;

Steen, 2008) was selected to generate L. lactis-CFA/T by transforming it using the expression

[0209] To assess the immunotherapeutic potential for L. lactis-CFA/, three clones were
identificd by Western blot analysis and were found fo express similar or more abundant fimbriae

than . coli-CFA/I (strain H695). (Wu, 1995). FIG. 3 illustrates this result.

{02101 Groups of B6 mice were induced with CIA and treated upon discase onset with PBS, L.

lactis vector, or L. lactis-CFA/], and a second treatment was given one week later, The L. lactis
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vector contained a plasmid without the engineered cfal operon. The L. lactis-CFA/T contained

the enginecred ¢fal operon pBzMM 153,
Results
{6211} The results of the CIA cxperiment are illustrated in FIG, 4.

10212} L. lactis-CFA/l-treated mice showed no clinical discase, as demonstrated by the 0
average clinical score exhibited by mice treated with L. Jactis-CFA/L Compare this result to the
significantly clevated average clinical scores exhibited by the PBS and L. Jaciis vector treated

mice,

18213} Further, L. lactis-CFA/] treated mice showed no incidence of disease, as demonstrated by
the 0 incidence of arthritis score exhibited by mice treated with L. lacris-CFA/L Compare this
result to the significantly clevated incidence of arthritis scores exhibited by the PBS and L. laciis
vector treated mice.
{0214} Histological cxamination of the mice tissues confirmed these findings.
{8215] FIG. 5 depicts the histological results.
{0216} At the termination of the study, total peripheral lymph node (PLN) CD4'T cells were
isolated and restimulated in vitro with CI, in the presence of irradiated splenic APCs, and
seereted cytokines were measured by ELISAL
10217) L. lacris-CFA/I suppressed IFN-y, TNF-g, and IL-17 and stimulated the rcgulatory
cytokines, 1L-10 and TGF-B. These resulis are depicted in Figure 6. L. lactis vector also
produced the IL-10 and TGF-§ cytokines, but was significantly different from £, lucris-CFA/L
{0218} Thus, L. lactis-CFA/T is protective against CIA, showing greater potency than
Salmonella-CFA/ or the Lactococcus vector containing a plasmid without the engincered cfal
operon pBzMM153.
iL, L. factis-CFA/L is Only Mildly Immunogenic thus Allowing for Maultiple

Instiliations
{6219} The immunogenicity of the L. lactis-CFA/T was tested to determine if repeat doses would

be feasible in a subject without the risk of cliciting a major negative immunogenic response.
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Experimental Protocol

{0220] Mice were dosed twice, as described in Experiment {, with cither: {a) L. laciis vector
with a plasmid not containing the cngineered ¢fal operon pBzMMI153, (b} L. laciis-CFA/, or {(c}
Salmonella-CFA/,

Results

{0221} The Lactococcus vector without the engineered CFA/] operon along with the L. lactis-
CFA/I did not clicit serum IgG, I1gG1l, 1gG2a, or 1gG2b Ab titers to CFA/I fimbriac, See FIG. 7.
{02221 In contrast, Salmonella-CF A/ did clicit a significant immunc response. See FIG. 7.
10223} The drastic scrum lgG, 1gGl, 1gG2s, and 1gG2b Ab titers clicited by the Salmonelia
vector expressing ETEC CFA/I fimbriae 18 demonstrated in Panel B of FEG. 7. The minimal
response clicited by Lactococcus expressing ETEC CFA/I fimbrige is demonstrated in Pancl A
of FIG. 7.

10224} These results suggest that L. Jactis-CFA/1 does not stimulate Abs to fimbrial Ags and
may allow repeated dosing.

{H{. Expression of £. coli CFA/I Fimbriae in Lactococcus for Treatment of Experimental

Antoimmune Encephalomyelitis

10225} Recombinant Laciococcus lactis cxpressing ETEC CFA/U fimbriac, when orally
delivered to mice, is able to prevent the symptorms and to block the progression of Experimental

Autoimmunce Encephalomyelitis (EAE}.

Construction of L. lactis-CFA/l Vector

18226} 7. lactis-CF A/ vector was constructed as outlined in Example 1.

Experimental Protocol

19227} To test its efficacy against EAE, C571L/6 mice were subjected to myelin oligodendrocyie
elycoprotein (MOG-induced EAE. (Jun, 2005; Ocho-Reparaz, 2007, Ocho-Reparaz, 2008},
18228} On day 6 post-MOG peptide challenge, groups of mice were dosed orally with PBS or
5%10° CFUs of L. luctis vector ot L. lactis-CFA/L
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Results

{0229) L. lactis-CFA/I-treated mice developed minimal discase, unlike groups treated with PBS

or L. lactis vector {£ < (.05},

{0230} This intervention also resulted in significant reductions in 1L-17 and IFN-y production

vig the stimulation of the anti-inflammatory cytokines, 1L-10 and TGF-B.

{8231} Thus, the data provides further evidence that L. flacris-CFA/, not L. lactis vector,

mediates intervention upon EAE vig the stimulation of anti-inflammatory cytokines.

V. Electron Microscopy Verifies that ETEC CFA/l Fimbriae are Expressed in L.

facs

{8232} EM images were taken of mmmunogold stained Lactococcus lactis without the
pBzMMIS3 operon and Lactococcus lactis containing the pBzMMI153 operon. FIG. 9 depicts
the results of this cxperiment and illustrates that ETEC CFA/L fimbriac are expressed in the

recombinant £. lactis-CEFA/ bacteria.
Y. L. factis-CF A/ Activates Human T, Cells

{0233} Experimentation was performed fo establish the capacity of L. lacris-CFA/] to angment
hursan T cells. Human peripheral blood dendritic cells (DCUs) were isolated from a vormal
donor and stimulated overnight with 5.8 ug/ml of recombinant L. lactis-CFA/I fimbriae, and then
cultured for 4 days with autologous purified CD4" T cells. These were stimulated with anti-CD3
plus anti-CD28 mAbs, and the CD4" T cells were analyzed by flow cytometry for increased
percentage of FOXP3 IL-107 Ty cells.

{6234] The results are illustrated in FEG. 10. The results demonstrate that L. lactis-CFA/]
fimbriac were able to stimulate FOXP3 T wg cells by nearly 3-fold, and one-third of these Tr
cells produced IL-10. Thus, these results demonstrate that human DCs and CD4™ T cells are
responsive to L. lactis-CFA/E fimbriac and mimic the murine results in driving and/or activating

Tycq cells to resolve autoimmune disease.

Experimental Observations
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{0235} The present inventors have surprisingly been sucessful in manipulating the £. coli ¢fal
operon—that encodes ETEC CFA/1 fimbriac—in such a way as to cnablc expression of the

ETEC CFA/I fimbriae in Lacioccous lactis bacteria,

{0236] The successful derivation of the engincercd opecron pBzMMI53 allows for the

expression of ETEC CFA/ fimbriac in Lactococcus lactis bacteria.

{0237} The results demonstrate that recombiantly engincered Lactococcus lactis cxpressing
ETEC CFA/I fimbriac can be used prophylactically and therapeutically to prevent or block the

progression of human autoimmune disorders.

{8238} The present disclosure is a signficant advancement in the art that heretofore had been

reliant upon problematic Safmonella based fimbrial delivery vectors.,

{10239} Decspite major hurdles in the cxpression of an entire Gram-negative multi-gene operon
into a Gram-positive microorganism, the present inventors have sucessfully achieved such a

result.

{8240} The previously discussed clinical data were gathered with a double-blind approach,
where the scorer was unaware of the experimental design. Experiments were repeated several
times by different investigators, which produced identical results, The utilization of a GRAS
microorganism, i.e. Lactoccous lactis, eliminates many of the toxicities associated with Gram-

negative or Salmonella vaccine vectors.

{0241} The results demonstrate that the disclosed recombinant Laciococcus lactis expressing
ETEC CFA/I fimbriac, when orally delivered to mice, is able to prevent the symptoms and to
block the progression of collagen-induced arthritis. CIA 15 a model of rheumatoid arthritis and
therefore implicates the ability of the recombinant bacteria taught herein to be an effective

ireatment for this highly pervasive autoimmune disease,

{0242] Further, the results demonstrate that the disclosed recombinant Lactococcus lactis
expressing ETEC CFA/I fimbriac, when orally delivered to mice, s able fo prevent the
symptoms and to block the progression of experimental autoimmune encephalomyelitis, EAE 1s
a model for multiple sclerosis and therefore implicates the ability of the recombinant bacteria
tanght herein to be an effective treatment for this autoimmune discase,
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{10243} Further, the data demonstrates that L. Jaciis expressing ETEC CFA/ fimbriac activates

human Ty, cells.

{8244} Thus, the present inventors have illustrated that the recombinant Lactococcus lactis
cxpressing ETEC CFA/L fimbriac have strong potential to act as multi-purpose modulators of

pathological immune responsce in absence of an autoantigen.

{0245 Although t 18 unclear whether the CFA/T fimbriac are fully assembled on the cell surface
of the Lactococcus, it 18 the delivery of the fimbriac to the mucosa, whether fully assembled or

unassembicd, which likely results in protection against antoimmune insult.

{0246} The experimental data also suggests that both componcunts of the secrcied fimbrial
proteins, CfaB and CfaE arc required for immunogenic protection. Without wishing to be bound
to a particular theory, the inventors surmisc that this could account for why the unassembled

fimbriac can confer protection against autoiromune discase.

18247} An added benefit of the present recombinant Lactococcus lactis is that the vector is not
very immunogenic. This property of the disclosed recombinant bacteria thus allows for multiple

instillations/doses of a therapeutic composition coraprising the recombinant bacteria if required.

{0248] The data illustrates that protection against autoimumnune discasc—as represented by the
CIA and EAE mice models—can be achieved with two doses of the recombinant Lactococcus
lactis expressing ETEC CFA/L fimbriae. The amount of recombinant vector requived may be
dependent upon the type of discase.

[824%] In conclusion, the inventors bave disclosed a novel GRAS-based therapeutic that can be
administered mucosally, e.g., orally, nasally, or sublingually, to treat autoimmune discases such
as arthritis, multiple sclerosis, colitis, diabetes, etc.

{8258} For oral delivery, the recombinant Laciococcus lactis ETEC CFA/I fimbrial vector can
be used n the preparation of fermented foods, e.g., vogurt, as oue feasible delivery wstrument.
182581} Given the Lactococcus lactis ETEC CFA/T fimbrial vector’s minimal immunogenicity, it
can be delivered multiple times as an intervention and possibly be used to enhance conventional

drug treatments or, possibly, eliminating their use all together.
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CLAIMS
What is claimed is:
1. A composition for the treatment of an autoimmune or inflammatory discase, comprising:

a recombinant lactic acid bacterial cell comprising a nucleotide sequence coding

for enterotoxigenic Esclierichia coli colonization factor antigen 1 fimbriac,

2. The composition of claim 1, wherein the recombinant lactic acid bacterial cell expresses
at least one cnterotoxigenic Fscherichia coli colonization factor antigen | fimbriac gene

sclected from the group consisting of cfad, ofaB, ¢faC, and cfaE.

3. The composition of claim 1, wherein the recombinant lactic acid bacterial cell expresses
the ¢faB gene.

4. The composition of clairn 1, wherein the recombinant lactic acid bacterial cell expresses
the cfal gene.

5. The composition of claim T, wherein the recombinant lactic acid bacterial cell expresses
the ofaB gene and ofaE gene.

6. The composition of claim 1, wherein the recombinant lactic acid bacterial cell expresses
the cfaA gene, ofaB gene, ¢fC gene, and ¢foE gene.

7. The composition of claim 1, wherein the recombinant lactic acid bacterial cell is a celd
from the genus Lactococcus.

8. The composition of claim 1, whercin the composition induces an anti-inflammatory

response in a subject treated with the composition.
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A recombinant lactic acid bacterial cell, comprising:
a nucleotide scquence coding for enterotoxigenic Escherichia coli colonization

factor antigen | fimbriac.

The recombinant lactic acid bacterial cell of claim 9, wherein said cell expresses at least
one enterotoxigenic Escherichia coli colomzation factor antigen 1 fimbriae gene selected

from the group consisting of ¢fa A, ¢faB, ¢faC, and cfak.

The recombinant lactic acid bacterial cell of claim 9, wherein the recorbinant lactic acid

hacterial cell expresses the ¢faB gene.

The recombinant lactic actd bacterial cell of claim 9, wherein the recombinant lactic acid

bacterial cell expresses the ofaE gene.

The recombinant lactic acid bacterial cell of claim 9, wherein the recombinant lactic acid

bacterial cell expresses the ¢/aB gene and ¢faE gene.

The recombinant lactic acid bacterial cell of claim 9, wherein the recombinant lactic acid

bacterial cell expresses the cfad gene, ¢faB gene, ofaC gene, and ofeb gene.
Y. 34 - & 24 » 2 : Y 24

The recombinant lactic acid bacterial cell of elaim 9, wherein the recombinant lactic acid

bacterial cell is a ecll from the genus Lactecoccus.

A method for treating or preventing an autoimmune or inflammatory discase in a subject,
comprising:

administering to the subject the composition of claim 1.

The method of claim 16, wherein the level of a regulatory cvtokine sclected from 1L-10

or TGE-B in the subject is increased upon said administering, as compared to the level of

the regulatory cytokine IL-10 or TGF-p present in the subject before said administering.
45
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The method of claim 16, whercin the level of at least one cytokine selected from the
group consisting of IFN-y, TNF-g, and HL.-17 is decreased upon said administering, as
comparcd to the level of at least one of the cytokines sclected from the group consisting

of IFN-y, TNF-g, and 1L-17 present in the subject before said administering.

A method for producing a cormoposition for the treatment of an autoimmune or
nflammatory disease, comprising:
{a) ntroducing a nucleotide sequence coding for enterotoxigenic Escherichia

coli colonization factor antigen I fimbriac into a recipient lactic acid bacterial cell.
The method of claim 19, further comprising:

{b) culturing the lactic acid bacterial cell under conditions which allow for

expression of the enterotoxigenic Fscherichia coli colonization factor antigen | fimbriae.
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